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ABSTRACT  

This paper introduces a web app called LiveTFL, which is developed based on the R-based teal 
framework. The app allows users to select different clinical trial studies and snapshot dates through UI to 
generate ADaM data for subsequent TFL analysis. The app consists of two parts: data 
processing and TFL platform. The data processing part is responsible for data preprocessing according 
to the user's selection, and the TFL platform part is responsible for reading the processed data to perform 
interactive TFL analysis. This paper mainly introduces the extensions that the app has compared to the 
teal framework and enhanced by AI automation. 

Extensions 

LiveTFL app has the following extensions compared to the teal framework: 

• Extension: The app extends the interactivity of the teal framework data preprocessing by splitting 
it into two parts, allowing users to generate different ADaM data according to their own choices. 

• Improvement: The app enhances the display function of listing and figure by transforming the 
existing module, and adds the function of selecting the population analysis set of TFL. 

• Customization: The app builds a configuration file database for different studies and combines it 
with UI, allowing users to dynamically modify the configuration file and feedback to the server 
side to generate interactive TFL, improving the customization level of TFL. 

• Quality: The app ensures the quality of TFL while maintaining its flexibility by using leader 
programmer to perform unified authority management. 

• Convenience: One-click custom download and archiving of all TFL, code, and logs for future 
reproducibility and submission. 

AI & Automation 

• Config Automation: Auto-generates config files from ADaM standards  

• Data Insight: 
▪ AI translates to pandas code, displays results in UI, and saves data. 
▪ The user inputs natural language and the AI directly generates the TFL 

• Copilot:Guides users, updates configs, and changes settings via AI-linked commands. 

  



 
 

2 

INTRODUCTION 

In the contemporary landscape of medical research, the analysis of clinical trial data is a pivotal aspect of 
drug development and research. Accurate and efficient data analysis not only expedites the journey of 
new drugs to market but also enhances the safety and efficacy of treatment options for patients. 
However, traditional methods for the analysis of clinical trial data are often complex and time-consuming, 
necessitating the involvement of specialized statisticians for meticulous data processing and analysis, 
which in turn imposes limitations on the efficiency and quality of data analysis. 

To address this challenge, we have introduced LiveTFL, a web-based application developed on the R 
language teal framework. The primary objective of LiveTFL is to streamline the process of clinical trial 
analysis, enabling researchers to effortlessly generate and analyze ADaM (Analysis Data Model) data, as 
well as perform TFL (Table, Figure, and Listing) analyses. With a user-friendly interface, LiveTFL allows 
users to select different clinical trial studies and snapshot dates according to their needs, automating the 
generation of the required ADaM datasets and subsequent TFL analyses. 

LiveTFL is a web-based, real-time interactive platform that provides clinical outcome TFLs (Tables, 
Figures, and Listings). The platform aims to develop a tool that is rapid, automated, and user-friendly to 
support the generation and review of clinical outcomes. Through LiveTFL, we can achieve online and 
real-time data review, enhancing the efficiency and quality of data analysis. 

This paper will delve into the main functionalities of LiveTFL, including data preprocessing, the TFL 
platform, and extended features such as interactivity, improved display functions, customizable 
configurations, and quality control. Additionally, we will explore how LiveTFL leverages AI and automation 
technologies to enhance the efficiency of configuration file generation, strengthen data insights, and guide 
users through more in-depth analyses with AI-driven Copilot features. 

By combining the robust capabilities of the teal framework with AI automation, LiveTFL offers a more 
efficient, convenient, and intelligent solution for clinical trial analysis. We believe that the application of 
LiveTFL will significantly advance the field of clinical trial data analysis and bring revolutionary changes to 
medical research. 

LIVETFL 

LiveTFL is a web app developed based on the R teal framework (interactive Exploratory Data Analysis 
with Shiny Web-Applications), which can provide real-time and interactive clinical trial data analysis 
results (TFL) display to support data-driven decision making. 

LIVETFL VERSE 

LiveTFL is currently made up of five apps: 

• The Data Process App is responsible for data processing.  

• TFL Platform App is responsible for displaying TFL;  

• MetaTFL is responsible for centrally and dynamically managing the configuration file information 
behind TFL; 

• ADaM Hub App is responsible for the centralized dynamic management of ADaM Spec and 

generation of ADaM. 

• AI Agent App permeates the interaction link of each app, and enhances the function and 

service of the App through artificial intelligence technology 
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TEAL FRAMEWORK 

The teal framework is a tool for building TFL interactive analysis web applications, which includes the 
following components: 

• teal: A Exploratory Web Apps package for Analyzing Clinical Trials Data 

• teal.data: A package for defining data models and loading data sources 

• teal.transform: Functions for extracting and merging data 

• teal.code: A class for storing and executing code 

• teal.widgets: A package for creating shiny widgets 

• teal.logger: A package for setting up logging 

• teal.reporter: A tool for generating reports 

• teal.modules.general: A package for adding general modules to teal applications 

• teal.modules.clinical: A package for adding standard clinical output modules to teal applications 

ADVANTAGES 

Compared to traditional TFL, LiveTFL has the following advantages: 

• Centralization: All data and code are stored on the server side, no need to install or update 
software locally 

• Real-time: All outputs are generated based on the latest EDC data, no need to wait or refresh 

• Interactivity: Users can adjust the output results dynamically by selecting different parameters 
through the UI, such as study, phase, snapshot date, group, filter, etc. 

• Exploratory: Users can view the distribution of each variable through the variable browser, view 
different levels of statistical results through tables, listings, figures, and combine and download 
selected outputs through the report previewer 

• Possibility: Users can customize the output content and format through the configuration file 
database and permission management system, increasing flexibility and quality control 
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FLOW CHART 

LiveTFL consists of three parts: data processing, configuration files and TFL platform. 

• Data Process: Users first select different clinical trial study, phase and snapshot date through the 
data processing app to generate ADAM data for subsequent TFL analysis. 

• Configuration Files: Data preprocessing and subsequent TFL platforms were dynamically 
updated through the configuration files of different studies. 

• TFL Platform: Using the TFL platform app to read the processed data from the previous app to 
perform TFL interactive analysis. 

The shiny app is divided into two parts, the first part is data preprocessing and the second part is the TFL 
platform. 

When a user logs in, the shiny app updates the Study and Snapshot date Selection based on user 
permissions via the Authority file. 

When the App is running, the final data required by TFL is generated through three Trigger processes: 

1.shiny calls the SAS server to generate ADaM Data from Raw Data/SDTM into the user folder 

2. Use the data config file to Integrate or Split Data and convert the SAS file to the qs file. 

3. Use the Module Config file to generate a user-specific TFL platform 
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The Trigger controls the user's input from the Study Information File and the final TFL output from the 
ADaM Information File. 

The Shiny app first checks whether data exists in the ADaM Archive according to the Information in the 
Study Information File. If Yes, it copies to the User Folder, if No, it runs SAS ADaM Program. 

If SAS ADaM Program fails to run, stop the App and report an Error Message. 

If it runs successfully, back up the ADaM data and Copy to the User Folder. 

The Shiny app then makes a Data Configuration based on the Information from the ADaM Information 
File. This will produce Data for TFL And a Success Message is reported. 

When the user clicks, the Shiny app Module Configuration produces a user-specific TFL platform 
interface. 

 

DATA PROCESS 
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CONFIGURATION FILES 

• Update TFL layout dynamically 

Different studies and phases have different configuration files, and you can dynamically get different 
TFL layouts by switching phase on the configuration files. 

 

 

• Data Configure  

The Shiny app reads the study's configuration file based on user input to Prepare Data for TFLs. 
For example, when we need to pre-process the data of DM table, we filter the variables to be 
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processed according to Key, Phase and Order, assign the Label of the Variable according to the 
value of label column, and generate Variable according to the condition logic. 

Prepare Data for TFLs 

 

• Module Configure  

The Shiny app reads the study's configuration file based on user input to set default parameter 
values for the TFL module. For example, when we need to generate a DM table, we filter the 
parameters required by the table module according to Key, Phase and modulename, and obtain 
the parameter name and parameter value required by the table module according to the 
parameter and value columns. Finally, the interactive page of the DM table is generated. 

Default Setting 

  

• Configuration Automation 

Create Configuration File Automatically Based on ADaM and Standard 
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TFL PLATFORM 

The TFL Platform app has 9 tabs, which are: 

• Introduction: Introduction of Study information 

 

• Tables: Displays summary tables, allowing you to select different table types and parameters, as 
well as filter by grouping variables and filtering conditions 
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• Figures: Displays dynamic graphs, allowing you to select different graph types and parameters, 
as well as filter by grouping variables and filtering conditions 

 

• Listings: Displays data listings, allowing you to select different listing types and parameters, as 
well as sort and filter by sorting variables and filtering conditions 
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• Data Tables: Displays tables of all source data (ADaM) in the current session, allowing you to 
view the structure and content of each table 

 

• Variable Browser: Displays the distribution of each variable, allowing you to select different 
variable types and statistical methods, as well as whether to stratify by grouping variables 
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• Download All: Download all the TFLs, which are set by default in the configuration file. 

 

• User Manual: User Manual of LiveTFL 
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• Report previewer: Displays the report preview interface, allowing you to combine and select 
outputs from the previous tabs and download them in PDF or PPT format. 

 

LIVETFL ADAM HUB 

LiveTFL ADaM Hub is a centralized ADaM management platform. Its main features are: 

• Automated ADaM Spec generation  
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• Centralized management of ADaM Spec  

 

• Automatically generate and execute ADaM Code 
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EXTENSIONS 

ENHANCED INTERACTIVITY FOR DATA PREPROCESSING: 

• Dynamic Configuration Management:  

LiveTFL enables users to dynamically manage data preprocessing workflows through 
configuration files. Users can select data sources, define transformation rules, and make 
adjustments based on their needs without modifying the code, achieving flexible data 
preprocessing. 

• Phased Application Design:  

The application is divided into two parts: Data Processing and TFL Platform. Users select and 
preprocess data in the Data Processing section, and the TFL Platform section then reads and 
displays the processed data in real-time. Users can directly perform interactive analysis without 
waiting for data processing to complete before launching the application. 

USER EXPERIENCE OPTIMIZATION: 

• Access Management:  

Permissions are centrally managed by a leader programmer, ensuring that different users can 
only access data and analysis results within their authorized scope. This guarantees the accuracy 
and consistency of analysis results. 

• Module Modification:  

Modifications are made to existing modules, including: 

▪ Enhanced Listing Display Functionality: Utilizing the DT package, listing display, 
filtering, searching, and downloading functionalities are enhanced. For example, 
pagination, sorting, and filtering controls are added to facilitate users in quickly finding the 
required data. 

▪ Adding Population Analysis Set Selection Function: Users are allowed to select 
different population analysis sets for TFL analysis, such as full analysis sets and safety 
sets, to meet different analysis needs. 
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▪ Data Association: Using the teal.slice module, the functionality to uniformly filter all 
listings is realized. Users only need to perform filtering operations on any listing, and all 
related listings will automatically update the filtering results, facilitating data exploration. 

CUSTOMIZATION AND EXTENSIBILITY: 

• Configuration File Database:  

A configuration file database for different studies is built, and a UI interface is used to allow users 
to dynamically modify configuration files. Users can select different data sources, define different 
transformation rules, and more. After the configuration file is updated, the server-side will 
automatically apply the new configuration for data preprocessing without the need to restart the 
application. 

• Statistical Function Extension:  

Custom statistical functions and result labels are extended using the tern package, such as: 

▪ Displaying Counts for Numerical Variables Only: For numerical variables, users can 
choose to display only their count results, without displaying the count results of 
categorical variables, making the results clearer. 

▪ Modifying Quantile Label Formats: Users can customize the format of quantile labels, 
for example, using different languages or units. 

▪ Modifying Statistical Result Formats: Users can customize the format of statistical 
results, for example, not displaying percentages or currency symbols. 

• Layout Framework Extension:  

More layout frameworks are added to the teal package, such as shinydashboard, and drop-down 
tab functionality to enhance the interface’s simplicity and usability, such as: 

▪ Shinydashboard: Provides richer layout options, such as sidebars and navigation bars, 
making it convenient for users to build complex interfaces. 

▪ Drop-Down Tabs: When there are too many tables, listings, and figures to display, drop-
down tabs can save page space and make it easier for users to switch between different 
analysis results. 

• Report Rendering Optimization:  

Enhances the rendering effects of PDF and docx reports, such as: 

▪ Resolving Data Truncation and Typesetting Issues: Ensures that data is displayed in 
the report in its entirety and typeset beautifully. 

▪ Providing More Customizable Styling Functionality: Gradually allows users to 
customize the font, color, background, and other styles of the report, making it more 
personalized. 

• Report Download Functionality:  

Develops a Download All module to support the function of downloading all TFL content with 
default configuration of the config file, facilitating users to integrate reports, such as: 

▪ One-Click Download of All TFL Content: Users do not need to click the download 
button one by one and can download all TFL content with one click, saving time on 
reporting. 

▪ Supporting Multiple Download Formats: Supports downloading in various formats, 
such as csv, svg, html, PDF, docx, etc., making it convenient for users to use. 
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AI & AUTOMATION 

AUTOMATED DATA IMPORT AND CLEANING 

• Data Source Connection: LiveTFL can automatically connect to various data sources, such as 
databases, Electronic Data Capture (EDC) systems, etc., eliminating the need for manual data 
import. 

• Data Cleaning Rules: Users can define data cleaning rules, such as handling missing values, 
detecting outliers, and converting data types. LiveTFL will automatically execute these rules to 
ensure data quality. 

• Scheduled Tasks: Users can set scheduled tasks to regularly import and clean data, ensuring 
data timeliness. 

INTERACTIVE DATA EXPLORATION 
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• Visual Analysis: LiveTFL offers a rich set of visualization tools, such as charts, tables, maps, 
etc., to help users intuitively explore data. Users can easily perform data filtering, sorting, 
grouping, and other operations for interactive analysis. 

• Data Association Analysis: LiveTFL supports data association analysis to help users discover 
hidden patterns in the data. 

AUTOMATED REPORT GENERATION 

• Template-Based Reports: LiveTFL supports template-based reports, allowing users to 
customize the format and content of reports. LiveTFL will automatically generate reports based 
on templates, saving users time and effort. 

• Automated Report Updates: Users can set scheduled tasks to regularly update reports, 
ensuring report timeliness. 

• Multiple Report Formats: LiveTFL supports various report formats, such as PDF, Word, etc., 
making it convenient for users to share and present analysis results. 

SECURITY AND RELIABILITY 

• Data Security: LiveTFL employs various security measures, such as user access management 
and data encryption, to ensure data security. 

• System Stability: LiveTFL boasts high availability and scalability, ensuring stable system 
operation. 

CONTINUOUS ITERATION AND IMPROVEMENT 

• User Feedback: LiveTFL values user feedback and iterates and improves the product based on 
user needs. 

• Technological Updates: LiveTFL keeps abreast of the latest AI and automation technologies 
and integrates them into the product to continuously enhance functionality and services. 

AI AGENT EXAMPLE 

• LiveTFL AI: LiveTFL AI allows users to get TFL through natural language interaction and show R 
code to see the code given by the AI. 
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• Chatbot Agent: The Chatbot Agent can allow the user to ask any question about LiveTFL, such 
as how to create a demographic table with the ratbles package. 

 

• DataFrame Agent: DataFrame agents allow non-programming users to ask any questions about 
ADaM data sets, such as descriptive statistics, distribution of variables, and so on. 

 

• Config Agent: Config Agent can answer any questions about the configuration file raised by 

the leader programmer and the configuration file developer, such as how to fill in the 

parameters of the module that creates t-dm. 
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CONCLUSION  

The introduction and development of LiveTFL represent a significant advancement in the field of clinical 
trial data analysis. By integrating the R language teal framework with AI automation technologies, 
LiveTFL not only enhances the efficiency and quality of data analysis but also provides researchers with a 
more flexible and user-friendly analytical tool. 
The main features of LiveTFL, such as data preprocessing, the TFL platform, and extended functionalities 
like interactivity, improved display functions, customizable configurations, and quality control, have 
significantly simplified the process of clinical trial analysis. Furthermore, the application of AI and 
automation technologies, such as automated configuration file generation, enhanced data insights, and 
the AI-driven Copilot feature, further enhances the efficiency and practicality of LiveTFL. 
Through LiveTFL, researchers can generate and analyze clinical trial data more quickly and accurately, 
accelerating the journey of new drugs to market and offering patients safer and more effective treatment 
options. Moreover, the user-friendliness and flexibility of LiveTFL allow researchers to better customize 
and adjust the analysis process to meet their specific research needs. 
In summary, LiveTFL is an efficient, convenient, and intelligent tool for clinical trial data analysis, which 
will greatly advance the development of the field of clinical trial data analysis and bring revolutionary 
changes to medical research. With continuous technological progress and expanding applications, 
LiveTFL is expected to become an important tool in the field of clinical trial data analysis, providing 
researchers with better support and services. 
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