
Public

Good Statistical Monitoring

GSM: Open-Source 
RBQM with R

https://github.com/Gilead-BioStats/gsm

Introducing 

Sign up for updates

https://github.com/Gilead-BioStats/gsm
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The Good Statistical Monitoring or “gsm” package is a 
free and open-source framework for RBQM analytics.  
The package provides a standardized Risk Based Quality 
Monitoring (RBQM) framework for clinical trials that pairs 
a flexible data pipeline with interactive reporting.

Learn more at https://gilead-biostats.github.io/gsm/ 

https://gilead-biostats.github.io/gsm/
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KRI Metric Metric 
Numerator Metric Denominator

0001 AE Reporting Rate # of AEs Days in Study
0002 SAE Reporting Rate # of SAEs Days in Study
0003 Non-important Protocol Deviation Rate Non-Important PDs Days in Study
0004 Important Protocol Deviation Rate Important PDs Days in Study
0005 G3 or higher Lab Abnormality Rate G3+ Abnormal Labs Samples Total Lab Samples
0006 Subject Discontinuation Subjects Discontinued Total Subjects

0007 Subject Treatment Discontinuation Subjects with Treatment Discontinued Total Subjects

0008 Query Rate Total # of Queries Total Data Points
0009 Query Age Queries Open > 30 days Total Queries
0010 Visit Entry Lag (visit date to entry date) Form Entered > 10 days Total Forms
0011 Data Change Rate Fields with 1+ Change Total Fields
0012 Screen Failure Screen Failures Total Screened

Standard GSM Metrics – 12 KRIs

KRI0001:          AE Reporting Rate

Data Sources:     Rawplus (AE, DM)
Analysis Set:  Enrolled
Num:            All adverse events
Denom:            Enroll to d/c date
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KRI Example – Adverse Events
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Possible over-reporting

Possible under-reporting

Are any sites potentially under- or over- reporting safety events?
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Statistical Method Overview 
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Red/Amber/Green FlagsKRIs are calculated by defining a numerator 
and a denominator for each metric. Then by 
default, GSM calculates z-scores using a 
normal approximation with adjustment 
for over-dispersion to assign risk levels.

For KRIs that are percentages (binary 
outcome), the numerator is the # of events 
and the denominator is the # of total 
participants, and we then apply the normal 
approximation of the binomial distribution to 
determine a risk level.

For KRIs that are rates (count outcome), the 
numerator is the # of events and the 
denominator is the total participant exposure 
or study duration, and we then apply the 
normal approximation of the Poisson 
distribution to determine a risk level.
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Raw+ (1gb)
Standardized 
Study Data

Input (100kb)
Cross-domain 

Participant-level data

Transformed
Site-level 

derived data

Analyzed
Site-level 

analysis results

Flagged
Site-level 
with flags

Summary
Site-level 

aggregated

Map()           Transform()    Analyze()             Flag()             Summarize()
Analytics Modules

Normal Approximation (Default)
Identity
Fisher's Exact
Poisson Regression
Bayesian? 
AI/ML?!

Link: Data Pipeline Vignette

dfSUBJ:
  strStudyCol: studyid
  strSiteCol: siteid
  strIDCol: subjid
  strStudyStartDateCol: firstparticipantdate
  strStudyEndDateCol: lastparticipantdate
  strTimeOnStudyCol: timeonstudy

Custom Mapping

https://gilead-biostats.github.io/gsm/articles/DataPipeline.html
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Workflow Assessment Object

Charts
QC

RunWorkflow()

Data

Workflow

Link: Analysis Workflow Vignette

https://gilead-biostats.github.io/gsm/articles/DataAnalysis.html
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Analytics

External Data Sources

{gsm} Analytics 
Library

{rbmpipe} 
Study-Level 

Data Mapping 

Data Layer

Web Apps

{gsm-app}
Deep Dive 
Shiny App

Reports

Risk Report

Cloud Framework

R Packages

Centralized Monitoring Framework

{rbm-dash}
Dashboard 
Application

KRI/QTL Reports
{gsm}

CSM Modules

weekly

Ra
w

 d
at

a analysis
snapshots

Centralized Monitoring Pipeline @ Gilead

CTMS RACT

Clinical Data 
(RAW+) RAVE

CRO CTMS
Protocol 

Deviations
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Report Demo – Monthly Study Snapshot
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What is the current KRI profile for the study? 
Link: Sample Report

https://gilead-biostats.github.io/gsm/StandardReportSite.html
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App Demo – Deep Dive Application
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What are the underlying details for a flagged KRI at a given site? 
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Report Demo – KRI Covariate Analysis
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How are key covariate distributed for each KRI?
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GSM Quality Control Framework

- QC Report Generated on release (vignette)
- 171 Qualification Tests (vignette)
- ~1500 Unit tests
- Contributor Guidelines (vignette)
- Full Code Review via PR
- Release Process w/ Regression Testing (vignette) 
- Code Formatting via {styler}
- All implemented via GitHub Actions (vignette)

See SM11 for QC Framework details

https://gilead-biostats.github.io/gsm/articles/Qualification.html
https://gilead-biostats.github.io/gsm/articles/QualificationWorkflow.html
https://gilead-biostats.github.io/gsm/articles/ContributorGuidelines.html
https://gilead-biostats.github.io/gsm/articles/ContributorGuidelines.html
https://gilead-biostats.github.io/gsm/articles/ContributorGuidelines.html
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{qcthat} is now available as a stand-alone R Package
See Presentation SM11 for QC Framework details

https://gilead-biostats.github.io/qcthat/
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GSM 
Timeline @ 
Gilead

Internal Prototype / Proof of Concept
2020 – Jan 2022

Launched "Production" Development Effort
Jan 2022

Fully-Qualified v1.0 Release
June 2022

Live Pilot on 6 studies
Mar- Sep 2023

Open-Source Release
Aug 2023

Live in Business as Usual
Sep 2023

Deployed Cloud-Based Data-Pipeline
June 2022 - Mar 2023
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Open-Source Road Map

• Upcoming GSM releases
• Highlight newly flagged KRIs
• KRI Distribution Report
• Expanded QTL Framework
• Missing Visits/Forms KRIs
• Expanded QTL Framework

• Deep Dive Application - drilldown from Study- to Site- to Subject- details
• Core CSM / Fraud Detection Framework

• Birthday analyses 
• Cluster subjects across/within the sites
• Multivariate inlier and outliers analyses 
• Digit preference
• Duplicated records
• Tests + Visits distribution

Create Phuse RBQM/Open-Source Project for 2024? 
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Interested in Collaborating?
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Contact us directly or sign up here to receive quarterly updates starting in November.  

https://forms.gle/3AC3bKfMs32N4dDq9

