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Disclaimer

• The views and opinions expressed in the following PowerPoint slides are 
those of the presenter and should not be attributed to his employer.

• This work is part of ongoing work of the ASA BIOP Scientific Safety Working Group -
WS2 Task Forces focusing on visual analytics of drug safety data and opensource tools 
and machine learning and AI

• This is part of a presentation that was give at the: 2025 Global Pharmacovigilance and 
Risk Management Strategies Conference, a Short course on Hands-on Short Course on 
Enhancing the DMC Package Using Opensource Software, AI, and LLMs and the 2025 
Q3 ASA Safety Working Group Quarterly Scientific Webinar on Reimagining Drug 
Safety with AI: A Quantitative Leap Forward
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• Introduction
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• Framework/Structure for Drug Safety Analytics
• Leveraging a Question-Based Approach
• Leveraging Quantitative Methods
• Focusing on Visual Analytics in DMCs
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• The AI and LLMs Angle 
• Closing Remarks

Outline
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• There are challenges in the analysis and presentations of drug safety data 
using tabular outputs 

• There is immense value in leveraging visual analytics in drug safety and 
hence in DMC deliverables

• This can be further enhanced by leveraging quantitative methods for drug 
safety analytics and benefit-risk in decision making in DMCs

• There are readily available opensource tools to implement enhancement 
of DMC deliverables for both visual analytics and quantitative analysis

• Use of AI and LLMs can greatly help enhance creation and review of 
outputs in the DMC data package

Take Home Messages
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• Nature of drug safety data and analysis
• Challenges – many!

o Analysis and 
interpretation
 Entirely tabular 

outputs
 Tabular outputs and 

graphs
 Tabular outputs and 

graphs and visual 
analytics  

o Safety data present many 
challenges with regards to analysis 
and interpretation 
 Clinical trials are not powered 

to detect safety signals 
 Safety data are 

multidimensional and 
interrelated in nature

 Pathological features of 
diseases lead to 
heterogeneous subpopulations 
and data with non‐normal 
distributions

Variety

Labs

Vital 
Signs

ECG

Etc

Introduction



Characterize drug safety 
profile and benefit-
risk…this may evolve 
over time   

• Usual practice – a multitude of tabular outputs
• Need a change in philosophy – leverage visual analytics

Introduction
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• Surely we can do better - an old story!

A Call to Leverage Visualization in Drug Safety Analytics
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https://onlinelibrary.wiley.com/doi/epdf/10.1002/sim.1287?saml_referrer
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A Call to Leverage Visualization in Drug Safety Analytics



• A continuing story! And some traction!

A Call to Leverage Visualization in Drug Safety Analytics

9
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• Duke-Margolis/FDA Workshop on Advancing Premarket Safety Analytics, 2022 September 

• Regulators are talking about it!

A Call to Leverage Visualization in Drug Safety Analytics

https://healthpolicy.duke.edu/events/advancing-premarket-safety-analytics


Tier 1

• Prespecified 
detailed analysis 
and hypothesis 
testing for specific 
AEs

Tier 2

• Signal detection 
among common 
events. AEs included 
here are those that 
do not have a 
prespecified 
hypothesis and are 
‘common’

Tier 3

• Descriptive analysis 
of infrequent AEs. 
AEs included here 
do not have a 
prespecified 
hypothesis and are 
infrequent.

General Safety Review

• Rank events based on evidence of 
treatment effect

• Obtain additional details on the 
event for further exploration

• Drill down to patient-level 
information

Safety Topics of Interest

• Focused and tailored to the event of 
interest 

• Use of displays to help reviewers 
understand the event of interest and 
the clinical questions they have 

• Recommend to work via a framework or structure
• FDA – screen and deep dive (TAGS – Targeted Analysis Guides)

Frameworks/Structure for Drug Safety Analytics

11
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Leveraging a Question-Based Approach



• Methods under 
the Bayesian 
paradigm

• Methods to 
quantify 
distributional 
difference in AEs

• Methods under 
the frequentist 
paradigm

• Graphical 
methods to 
summarize AE 
data

Visual 
summaries

Hypothesis 
tests

Decision 
making 

probabilities

Estimation 
methods

Taxonomy of 
methods

Culture change is 
needed for prospective 
planning for safety 
evaluation that  
improves our 
quantification of risk 
and uncertainty. Safety 
evaluation is hard…the 
pre-market process, 
the post-approval 
process and the life-
cycle perspective all 
need to be considered

Leveraging Quantitative Methods

13…and now Machine Learning, AI, LLMs
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Safety evaluation is probably much harder 
than efficacy evaluation because in many 
ways it’s reading the tea leaves. It’s a lot of 
multiplicity, a lot of false discovery, a lot of it-
is-real or is-it-not-real…But nonetheless, you 
can’t even approach that discussion if you 
can’t quantify it in a reasonable 
way…statisticians for the most part have not 
been involved in safety evaluations…The 
sophistication is out there, it just has not 
been brought to bear on routine safety 
assessment for chronically used drugs.

• The sophistication is out there! 
Leveraging Quantitative Methods
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• The sophistication is out there! 
Leveraging Quantitative Methods

Enhanced dot plot Tendril plot

Which AEs are elevated in treatment versus control and by how much? Which AEs are more in treatment versus control and when do they occur?

• Source: https://chenchenstat.shinyapps.io/ae-line-plot-c212/ • Source: https://xiao-ni.shinyapps.io/patprofile/

https://chenchenstat.shinyapps.io/ae-line-plot-c212/
https://xiao-ni.shinyapps.io/patprofile/
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Leveraging Quantitative Methods

Source: http://maayanlab.net/SEP-L1000/

•The sophistication is out there! 

http://maayanlab.net/SEP-L1000/
http://maayanlab.net/SEP-L1000/
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Leveraging Quantitative Methods
• The sophistication is out there! 

• Assessment of Drug Induced Liver Injury (DILI, hepatotoxicity) 

• Statistical methods – laboratory data • ML, AI, DL, NLP - Multisource

https://link.springer.com/article/10.1007/s40264-018-0642-6
https://link.springer.com/article/10.1007/s40264-014-0184-5
https://www.fda.gov/media/116737/download
https://pubs.acs.org/doi/pdf/10.1021/acs.chemrestox.0c00374
https://pubs.acs.org/doi/10.1021/acs.molpharmaceut.0c00326
https://onlinelibrary.wiley.com/doi/10.1002/pst.1531
https://analyticalsciencejournals.onlinelibrary.wiley.com/doi/10.1002/jat.3741
https://www.frontiersin.org/articles/10.3389/frai.2021.638410/full
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Leveraging Quantitative Methods
• Spontaneous Reporting Systems Data, e.g., FAERS, CAERS, VigiBase, etc

• Machine Learning  
• Deep Learning
• Artificial Intelligence

Stats vs ML

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7654817/
https://www.nature.com/articles/srep24955


• An old story!

Focusing on Visual Analytics in DMCs
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• An old story continues!
Focusing on Visual Analytics in DMCs
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• And the story continues! What are the questions of interest?

Focusing on Visual Analytics in DMCs
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• And the story continues! What are the questions of interest?

Focusing on Visual Analytics in DMCs
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https://hbiostat.org/r/hreport/testhttps://hbiostat.org/r/hreport/report

• Make the DMC package interactive!
• Or create an interactive  DMC data packages

Focusing on Visual Analytics in DMCs
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https://hbiostat.org/r/hreport/test
https://hbiostat.org/r/hreport/report
https://hbiostat.org/talks/rmedicine#1
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Value tree Benefit risk forest plot

What are the benefits and what are the risks? How do the benefits and risks balance out?

• Include quantitative benefit-risk assessment and visualization

Focusing on Visual Analytics in DMCs
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• Include quantitative benefit-risk assessment and visualization

Focusing on Visual Analytics in DMCs

• In above example, can replace Reviewer A by Region X Reviewer and 
Reviewer B by Region Y Reviewer    
 Requires lots planning in the MRCT setting!

• Source: https://www.accessdata.fda.gov/drugsatfda_docs/nda/2020/022433Orig1s028.pdf
• Source: https://www.ema.europa.eu/en/documents/variation-report/gardasil-h-c-703-ws-523-epar-assessment-report-variation_en.pdf

• Source: https://github.com/saidee27/BayesianMCDA_SMAA
• Source: https://sai-dharmarajan.shinyapps.io/BayesianMCDA_SMAA/

https://www.accessdata.fda.gov/drugsatfda_docs/nda/2020/022433Orig1s028.pdf
https://www.ema.europa.eu/en/documents/variation-report/gardasil-h-c-703-ws-523-epar-assessment-report-variation_en.pdf
https://github.com/saidee27/BayesianMCDA_SMAA
https://sai-dharmarajan.shinyapps.io/BayesianMCDA_SMAA/
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• Include quantitative benefit-risk assessment and visualization
- At the patient level  Desirability of Outcome Ranking (DOOR)

Focusing on Visual Analytics in DMCs

• https://methods.bsc.gwu.edu/
• https://cran.r-project.org/web/packages/door/index.html

https://methods.bsc.gwu.edu/
https://cran.r-project.org/web/packages/door/index.html


• Plenty of emerging tools - opensource!
• Opensource tools are your friend!

https://trialsjournal.biomedcentral.com/articles/10.1186/s13063-023-07290-4
https://github.com/DMC21cent/DMC21cent

Tools and Resources
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https://trialsjournal.biomedcentral.com/articles/10.1186/s13063-023-07290-4
https://github.com/DMC21cent/DMC21cent


Tools and Resources
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Tools and Resources – the AI and LLMs Angle

• How can we use AI and LLMs in the DMC package
- Can leverage AI and LLM tools to help with efficient and timely creation, packaging, and 

interpretations of the DMC data package prior to, during, and post DMC meetings – harness visual 
analytics

• Low hanging fruit and practical applications
- Use AI and LLMs to help generation of the DMC package: coding and code interpretation, data 

wrangling, debug errors, code comments, code reformat code, table and plots creation

• Advanced use, but still practical applications – use AI and LLMs to:
- Create analysis apps for safety data exploration and analysis
- Create beefed-up (interactive and with drill down) packaged DMC data packages, leveraging visual 

analytics and custom reports 
- Implement chatbot type interactivity and analysis interpretations, including functionality to allow 

stakeholders to interact with certain delivery modalities as appropriate

• No hype! Real use cases!

29



Tools and Resources – the AI and LLMs Angle

• Some typical AI and LLMs usage
- Directly from https API
- Implement within programming environment – R Studio, Positron 
- Data upload (use test data) tools 
- Multi-agent tools, etc  

• Variety of Tools
- Direct from https API: Claude, ChatGPT, Gemini, Copilot, Perplexity, Qwen, 

Deepseek, Grok , MaxAI, etc 
- R/R Studio ecosystem, Positron: ellmer, ellmer assistant, chatlas, chattr, shinyapps

assistant, shinychat, mall, gptstudio, chatAI4R, tidyllm, gander, LLMAgentR, 
rgentai, querychat, etc  

- Large Language Model tools for R (Luis D. Verde Arregoitia)

30

https://claude.ai/
https://chatgpt.com/
https://gemini.google.com/
https://copilot.microsoft.com/chats
https://www.perplexity.ai/
https://chat.qwen.ai/
https://chat.deepseek.com/a/chat
https://accounts.x.ai/
https://ellmer.tidyverse.org/reference/chat_openai.html
https://jcheng.shinyapps.io/ellmer-assistant/
https://posit-dev.github.io/chatlas/
https://mlverse.github.io/chattr/index.html
https://gallery.shinyapps.io/assistant/
https://posit-dev.github.io/shinychat/
https://mlverse.github.io/mall/
https://michelnivard.github.io/gptstudio/
https://kumes.github.io/chatAI4R/
https://edubruell.github.io/tidyllm/index.html
https://simonpcouch.github.io/gander/
https://knowusuboaky.github.io/LLMAgentR/
https://rgentai.com/data-security.html
https://posit-dev.github.io/querychat/r/index.html
https://luisdva.github.io/llmsr-book/r-pkgs.html
https://www.lexjansen.com/pharmasug/2025/OS/PharmaSUG-2025-OS-395.pdf
https://gallery.shinyapps.io/assistant/


Tools and Resources – the AI and LLMs Angle
- Data Upload, examples: 

- Julius, 
- R Tutor, 
- Datably
- Vizly
- Etc

- Others – Multiple Agents, examples : 
- Poe
- NinjaChat
- Etc

• Things to be aware/think about:
- Free versus paid – can create a free account with all of them
- API (and credit card) needed in use within programming  environment
- Prompting – need to be clear and precise
- Hallucinanctions
- Accuracy – variety, but tools are getting better and evolving
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https://julius.ai/
https://rtutor.ai/
https://datably.ai/
https://vizly.ai/
https://poe.com/Assistant
https://www.ninjachat.ai/dashboard


Tools and Resources – the AI and LLMs Angle

• Examples of prompts tried out – can be advanced: 
‒ What are the various tables and graphs that data monitoring committees need? Create r code and 

quarto markdown reports for the tables and figures. 

‒ Create R code to generate all outputs needed for data monitoring committee including tables and 
graphs. Create the slides using quarto. The graphs should be interactive.

‒ Can you create an r shiny app for the method described in this paper: SAE: An R package for early 
stopping rules in clinical trials. C. Bascoul-Mollevi, A. Laplanche, M. Deley, and A. Kramar. Computer 
Methods and Programs in Biomedicine, 104 (2): 243-248 (2011)

• Create R code to perform the analysis described in this paper by: Chris Barker, Exploratory method 
for summarizing concomitant medication data--the mean cumulative function. Pharm Stat, 2010 
Oct-Dec;9(4):331-6. doi: 10.1002/pst.395, https://onlinelibrary.wiley.com/doi/10.1002/pst.395. the 
input datasets are the ADAM datasets ADSL and ADCM. Also include sample ADSL and ADCM 
datasets to run the R code. Also include comments explaining the code.

32

https://onlinelibrary.wiley.com/doi/10.1002/pst.395


Tools and Resources – the AI and LLMs Angle

• Examples of prompts tried out – can be advanced: 
‒ Are you familiar with the Berry and Berry model for a three-level hierarchical mixture model for 

analysis of adverse event counts. The model exploits hierarchies in adverse event coding structure 
namely the nesting of preferred terms (PT) within system organ classes (SOC). It is described in this 
paper: Berry, SM and Berry, DA (2004). “Accounting for multiplicities in assessing drug safety: a 
three-level hierarchical mixture model” Biometrics 60(2) 418-426.

‒ Yes
‒ Provide some R code that implements this model. The code should be well commented in terms of 

the various details and workflow.

‒ What is the best R package for implementing the Berry and Berry model
‒ The best R package for implementing the Berry and Berry model is c212. It's specifically designed for detecting safety 

signals in clinical trials and includes functions for fitting this model. 
‒ Provide example code with some explanation using the c212

‒ Create r code to generate the graphs described in this paper: Clinical Adverse Events Data Analysis 
and Visualization, by Shi-Tao Yeh, https://www.lexjansen.com/pharmasug/2007/po/PO10.pdf. The 
code should include sample data comments on the code. Also create a colorful R shiny version of 
the code and a colorful quarto dashboard.

33



Tools and Resources – the AI and LLMs Angle

• Plenty of resources/example for use of these tool – stick to newer resources
• ASA SWG WS2 compiling some resources and examples
• Great YouTube videos from POSIT team and others, examples:

34



Tools and Resources – the AI and LLMs Angle

https://youtu.be/AfMa1CVUdXU?si=CrDppaJilC1omnON https://jcheng5.github.io/pharma-ai-2024/#/title-slide 35

https://youtu.be/AfMa1CVUdXU?si=CrDppaJilC1omnON
https://jcheng5.github.io/pharma-ai-2024/#/title-slide


Tools and Resources – the AI and LLMs Angle
• Example: 

• https://posit.co/blog/ai-powered-shiny-app-prototyping/
• https://ivelasq-pharma-adae-shiny-app.share.connect.posit.cloud/
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https://posit.co/blog/ai-powered-shiny-app-prototyping/
https://ivelasq-pharma-adae-shiny-app.share.connect.posit.cloud/


Tools and Resources – the AI and LLMs Angle

• Create an R shiny app for Bayesian inference that the difference 
between two binomial proportions is greater than some specified 
value delta. The app should allow for different priors for the two 
proportions including non informative prior, skeptical prior, 
Jeffrey’s prior, and informative prior. The app should also allow 
for plotting of the prior, likelihood, and posterior distribution. The 
app shout also allow for outputs for html and power point. 

• Are you familiar with the ADAE dataset?
• ADAE datasets are crucial for safety analysis in clinical trials 

and drug development.... 
• Would you like me to help you create a Shiny app that works 

with ADAE data for a specific analysis or visualization?
• Yes
• Change the code so that the input dataset is ADAE 
• Can you add some compelling visualizations along with interactivity?

37
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• We can surely and pretty much do better in delivering DMC data packages!
• We know what to do! We have talked about it a lot! 
• The time is now! Enough talk! 
• AI and LLMs to the rescue!

Closing Remarks
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• Safety data are complex and draw on several data domains and sources
• There are inadequacies and incompleteness in current DMC data packages
• Visual analytics offers opportunities to complement traditional tabular presentations
• Can combine both tabular visualization and analytics to allow for more insights into the data
• Can also leverage appropriate quantitative methods for enhanced decision-making    
• Use of structured approaches to safety analysis can help for a more focused safety analysis 
• Question-based approach can improve and enhance analysis of safety data by facilitating for a 

guided, focused, structured, and comprehensive analysis leveraging both tabular and visual 
analytics along with clinical discernment – translates into the right prompting

• There are readily available opensource to generate visualizations, including interactive 
visualizations and tools with many possible delivery modalities

• Can leverage AI and LLMs for timely and efficient creation, analysis, and interpretation

Closing Remarks

+ AI and LLMs

https://www.jacc.org/doi/10.1016/j.jacbts.2021.09.005
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