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ABSTRACT

In the fast-changing area of clinical research, good data management programming is crucial to make
sure that research results are accurate, dependable, and available when needed. However, traditional
clinical data management methods often involve time-consuming manual processes, especially the
management of clinical programs for multiple study under the same compound. This article explores the
transformative potential of integrating Github Copilot Al assistance into clinical data management
programming workflows. By leveraging advanced artificial intelligence algorithms, Github Copilot Al can
generate optimized code shippets and provide real-time guidance to programmers. This not only speeds
up the programming process, but also improves the quality and consistency of deliverables. We discuss
the specific process implementation of the successful application of Copilot Al. Our hands-on results
show that using Al in programming greatly cuts down the time it takes to develop data management
program, leading the way for faster and stronger methods in clinical data management.

INTRODUCTION

In the field of clinical research, data management programming plays a vital role in ensuring the integrity
and reliability of research results. As clinical trials become more complex, data management for multiple
studies under the same compound brings more challenges. Traditional clinical data management
programming methods often rely heavily on manual processes, which are time-consuming and error-
prone, slowing down research progress and increasing the risk of inconsistent delivery results. Faced with
the need for more efficient and accurate programming solutions, we have begun to explore innovative
tools and methods such as artificial intelligence (Al). Al, in particular, has shown the potential to change
clinical data management work with its ability to automate repetitive tasks and optimize processes. In this
context, the integration of Github Copilot Al into the clinical data management workflow is seen as an
important development. The advanced machine learning algorithms equipped with Copilot Al provide real-
time assistance to programmers, allowing them to generate code with greater efficiency while maintaining
high standards of quality. This article delves into the application of Copilot Al in clinical data management,
showing how it solves existing challenges and simplifies programming tasks, aiming to provide readers
with valuable insights into how Al-assisted programming can drive clinical trial data management to be
more flexible, precise, and efficient.

GITHUB COPILOT

GitHub Copilot is an Al-powered code completion tool developed by GitHub in collaboration with OpenAl.
It acts as a coding assistant, helping developers write code faster and more efficiently by providing
intelligent suggestions directly in their editor.

Key Features:

® Code Suggestions: Copilot suggests entire lines or blocks of code based on the context of
what you're writing.

® Multi-language Support: It supports a wide range of programming languages, including Python,
JavaScript, TypeScript, Java, C#, and SAS as well.

® Context Awareness: It understands the context of your code, including comments, function
names, and variable declarations, to provide relevant suggestions.



® Learning from Repositories: Copilot is trained on a vast dataset of public code repositories,
enabling it to offer solutions to common coding problems.

® Integration: It integrates seamlessly with popular editors like Visual Studio Code, Neovim, and
JetBrains IDEs.

Benefits:
® Increased Productivity: Automates repetitive coding tasks and reduces boilerplate code.
® Learning Tool: Helps developers learn new coding patterns and best practices.

® Error Reduction: Reduces the likelihood of syntax errors by providing accurate suggestions.

GITHUB CODESPACE

A Codespace is a development environment that's hosted in the cloud. You can customize your project
for GitHub Codespace by committing configuration files to your repository (often known as Configuration-
as-Code), which creates a repeatable Codespace configuration for all users of your project.

Each Codespace you create is hosted by GitHub in a Docker container, running on a virtual machine. You
can choose from a selection of virtual machine types, from 2 cores, 8 GB RAM, and 32 GB storage, up to
32 cores, 64 GB RAM, and 128 GB storage.

By default, the Codespace development environment is created from an Ubuntu Linux image that
includes a selection of popular languages and tools, but you can use an image based on a Linux
distribution of your choice and configure it for your particular requirements. Regardless of your local
operating system, your Codespace will run in a Linux environment. Windows and macOS are not
supported operating systems for the remote development container.

You can connect to your Codespace from your browser, from Visual Studio Code, or by using GitHub CLI.
When you connect, you are placed within the Docker container. You have limited access to the outer
Linux virtual machine host.



Figure 1, A diagram showing the relationship between a code editor and a codespace running on an
Azure virtual machine.:
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COPILOT Al ASSISTANCE WORKFLOW

For the Copilot Al-assisted workflow, we will break down the process in detail. First is the Copilot code
space template setup, which is used to build a general template for the basic programming environment.
Next is the study-level customization, focusing on how we adjust it to the specific needs of each
study/analysis to ensure a tailored solution which will include metadata/data structure/programming
specification/reference study codes. The "Reference All Project Code" section shows how Al facilitates
fully integration and reuse of assets across the studies, thereby improving consistency and efficiency and
improving the accuracy of Al responses. Finally, the "Edit and Chat Mode" section shows how Copilot Al
empowers programmers through interactive dynamic features to help them improve their code and
troubleshoot.
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Figure 2, A diagram showing Copilot Al-assisted Workflow:
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COPILOT CODESPACE TEMPLATE SETUP

To ensure a unified and scalable programming environment across multiple studies, we first developed a
Copilot Codespace template. This serves as a standardized, development environment where Copilot Al
is pre-configured and ready to assist. The setup includes predefined libraries, metadata loaders, and
folder structures, designed specifically for clinical data management.

We created a .devcontainer configuration folder within the GitHub repository, which includes:

® devcontainer.json to specify settings such as extensions (e.g., GitHub Copilot, SAS-Isp extension),
environment variables, and post-creation scripts.

® Default study template folders, such as /data/raw, /pgm, and /output, which promote consistency
across study setups.

® Integrated SOP-based code snippets and macro libraries, enabling Copilot Al to generate SOP-
conformant suggestions from the start.

Once the templates are finalized, any new study can launch a GitHub Codespace using this image.
Copilot Al immediately becomes functional within this shared workspace, accelerating setup and reducing
human configuration errors.

Figure 3, A snapshot showing a simple devcontainer.json file setup:
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After setting up the cloud-hosted Codespace, the next step is customizing it for each specific clinical
study. This includes:

® Loading study specific metadata, such as data structure, and programming specifications.

® Importing reference codes and study specific metadata from other studies to improve Al context
alignment.

Copilot Al now leverages both the base templates and new study metadata to produce more precise
suggestions.
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Figure 4 A snapshot showing Copilot Al generating more helpful code with using @workspace:
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proc sql;
/* QIB—N8% CARS_STRUCTURE MIFIR */
create table CARS (
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);

/* FREBEEN */

Make_m char(13) label="Make", /* SF&NSE */

Model_m char(40) label="Model", /* S&FZT */

Type_m char(7) label="Type", /* S%3 % (e.g., Sedan, SUV) */
Origin_m char(6) label="Origin", /* F=ih (e.g., Asia, Europe) */
DriveTrain_m char(5) label="DriveTrain", /* W#h%E% (e.g., Front, All)

/* BFRBEEN */

MSRP_m num label="MSRP", /* [T ERINBEMH */

Invoice_m num label="Invoice", /* ZMHAEEMNE */
EngineSize_m num label="Engine Size (L)", /* R#pHlH® (F#) */
Cylinders_m num label="Cylinders", /* “S&l# */

Horsepower_m num label="Horsepower”, /* 371 */

MPG_City_m num label="MPG (City)", /* SMICEEH () */
MPG_Highway_m num label="MPG (Highway)", /* SMCEEBH (HEQR) */
Weight_m num label="Weight (LBS)", /* & (&) */

Wheelbase_m num label="Wheelbase (IN)", /* $4FE (%) */
Length_m num label="Length (IN)" /* KE (&) */

quit;

% @ -

B @

‘ MatthewTanPeng
use sas code to show which country produces the most fuel-efficient cars? in the dataset Car

testsas:1

& GitHub Copilot
> Used 1 reference

Here is an example SAS code snippet to determine which country produces the most fuel-efficient cars in the
dataset Car . This assumes the dataset has columns like Country and MPG (Miles Per Gallon):

proc sql;
/* Find the average MPG for each country */
create table AvgMPG as
select Country, mean(MPG) as Avg_MPG
from Car
group by Country
order by Avg_MPG desc;

/* Display the country with the highest average MPG */

select Country, Avg_MPG

from AvgMPG

where Avg MPG = (select max(Avg_MPG) from AvgMPG);
quit;

Explanation:

1. proc sql: Used to perform SQL operations in SAS.

2. mean(#PG) : Calculates the average MPG for each country.

3. order by Avg MPG desc: Sorts the results in descending order of average MPG.

4. where Avg_MPG = (select max(Avg_MPG): Filters the country with the highest average MPG. ‘

Figure 5 A snapshot showing Copilot Al to generating less helpful code without using @workspace:
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proc sql;

BI2—1%H CARS_STRUCTURE BUT&R */

eate table CARS (

/* FHREBEEX */

Make_m char(13) label="Make", /* SEFHSHE */

Model_m char(40) label="Hodel", /* KEME */

Type_m char(7) label="Type", /* ;S%F%E (e.g., Sedan, SUV) */
Origin_m char(6) label="Origin", /* F=## (e.g., Asia, Europe) */
DriveTrain_m char(5) label="DriveTrain", /* KEHRZ (e.g., Front, All)

/* BRRTEEX */

MSRP_m num label="MSRP", /* [THRINZBEN =/

Invoice_m num label="Invoice", /* ZHEMAENE */
EngineSize_m num label="Engine Size (L)", /* REh#lHi@ (F#) */
Cylinders_m num label="Cylinders", /* “SEL# */

Horsepower_m num label="Horsepower”, /* 3] */

MPG_City_m num label="MPG (City)", /* SMEXBH (M) */
MPG_Highway_m num label="MPG (Highway)", /* SMTHREH (HEAK) */
Weight_m num label="Weight (LBS)", /* E& (#) */

Wheelbase_m num label="wheelbase (IN)", /* ¥AFE (Z&<F) */
Length_m num label="Length (IN)" /* K& (&) */

quit;
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. MatthewTanPeng
@workspace use sas code to show which country produces the most fuel-efficient cars? in the dataset Car

testsas:

<> Workspace
> Used 2 references

To determine which country produces the most fuel-efficient cars in the dataset (€ARS, you can use the following
SAS code. This code calculates the average city MPG (MPG_City_m) for each country (Origin_m) and identifies the
country with the highest average.

proc sql;
/* Calculate average MPG (City) for each country and sort in descending order */
create table FuelEfficiency as
select Origin_m,
avg(MPG_City_m) as Avg_MPG_City
from CARS
group by Origin_m
order by Avg_MPG_City desc;
quit;

/* Display the country with the highest average MPG (City) */
proc print data=FuelEfficiency(obs=1);

title "Country Producing the Most Fuel-Efficient Cars”;
run;

This code first creates a table Fuelfficieney with the average city MPG for each country, sorted in descending
order. Then, it prints the top record to show the country with the highest average fuel efficiency.

LR A 7
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REFER ALL PROJECT CODE

To maximize reuse and maintain consistency, we centralized historical study assets into a shared Copilot-
accessible project folder. This includes:

® Validated clinical data management programs (e.g., data validation program, medical listing) from
prior studies.

® Custom macros and functions used repeatedly across studies.

By embedding these assets into the Copilot environment, Al can ‘learn’ from prior successful
implementations. It can suggest standard programming logic, match previous definitions, and reduce
redundancy.

Figure 6, A snapshot showing how to use @workspace letting copilot to search the whole project folder to
give more accurate answer

@workspace what does stm_add_country do

<> Workspace

' Used 125 references

The macro ¥stm_add_country is used to add country information to a dataset.

It takes an input dataset and an output dataset as parameters and processes
the input dataset to include country-related information in the output dataset.

You can find the implementation of ¥stm_add_country in the file
compile_smart_macros.sas starting at line 67:

%include macro(stm_add_country.sas);

To see the detailed implementation, you should look at the
stm_add_country.sas file included in the macro.



EDIT & CHAT MODE

Once code is generated or imported, programmers enter the Edit and Chat Mode — the interactive phase
where Copilot Al becomes a real-time collaborator. In this mode:

® Users can highlight a block of SAS code and type a natural-language command such as "Explain this
macro” or "Optimize this merge logic".

Copilot provides explanations, suggests refactors, or adds inline documentation automatically.

Errors encountered during testing can be debugged by asking Copilot to "Help fix data type
mismatch” or "Trace missing values in TRTSDT".

This mode transforms static editing into a dynamic conversational loop, allowing programmers to
troubleshoot, improve, and document their code without leaving the development environment.

Additionally, junior programmers benefit from this as an on-demand learning tool, gaining insights into
best practices directly within their workflow.

CURRENT LIMITATIONS AND POTENTIAL FUTURE IMPROVEMENTS

While the integration of Copilot Al into clinical data management programming has shown clear benefits,
several limitations still exist that must be acknowledged to guide future optimization.

CURRENT LIMITATIONS
Limited Domain-Specific Understanding

Although Copilot Al can understand general programming logic, its clinical domain awareness—especially
for niche therapeutic areas or sponsor-specific standards—is still developing. It may not fully grasp
context-specific requirements, such as specific population flags or protocol-driven derivations, without
significant user input.

Data Privacy and Regulatory Constraints

Due to strict compliance requirements (e.g., GxP, 21 CFR Part 11), sensitive clinical data cannot always
be shared with external Al models. Although GitHub Copilot does not retain or learn from private code,
cautious organizations may impose usage restrictions in regulated environments, limiting its utility.

Lack of Native Support for SAS-Specific Constructs

While Copilot has improved in parsing and generating SAS code, it sometimes struggles with macro-
heavy workflows, PROC SQL nuance which are still common in clinical programming pipelines.

Overreliance Risk

There is a risk that programmers—especially less experienced ones—may overtrust Al-suggested code
without rigorous validation. This could lead to silent errors if outputs are not carefully reviewed against
specifications and regulatory expectations.

POTENTIAL IMPROVEMENTS
Domain-Specific Fine-Tuning

Fine-tuning Copilot models on validated, de-identified clinical codebases could significantly improve
accuracy and relevance. This would allow it to better understand CDISC standards, common derivation
logic, and sponsor-specific conventions.

Expanded Native SAS Support

Deep integration with SAS environments—such as support for SAS logs, macro debugging, or direct QC
comparisons—would enhance utility for the many organizations still relying heavily on SAS. The SAS
Viya Copilot seems to be a good choice in the future.



Al Validation Assistants

A future enhancement could include Copilot extensions that validate output datasets or code against
specifications (e.g., dataset-level checks, variable-level consistency, automated define.xml generation),
offering a full Al-assisted development and validation pipeline.

On-Prem Deployment Options

For highly regulated environments, offering a self-hosted or on-prem version of Copilot with restricted
model access could satisfy compliance teams while retaining the benefits of Al assistance.

CONCLUSION

As clinical trials continue to grow in complexity and scale, the demand for more efficient, accurate, and
consistent data management programming becomes increasingly urgent. GitHub Copilot, as an Al-
powered coding assistant, offers a transformative opportunity to rethink traditional workflows in clinical
programming. By integrating Copilot within GitHub Codespace environments, teams can accelerate study
setup, and improve code quality through intelligent suggestions and real-time interaction.

Our implementation demonstrates that Al-assisted programming not only shortens development timelines
but also enhances programming consistency across studies. Through structured templates, reference
code reuse, and dynamic chat-based support, Copilot enables programmers to focus more on logic
validation and study-specific nuances, rather than boilerplate coding tasks.

While challenges remain—such as limited SAS-specific intelligence, data privacy considerations, and
domain sensitivity—the potential for future enhancement is significant. With continuous development,
deeper integration into regulatory frameworks, and improved domain training, Copilot Al can evolve into a
trusted co-developer in clinical research settings.

Ultimately, Copilot represents more than a tool—it is a step toward the future of Al-enabled, agile clinical
data management programming, where speed, accuracy, and compliance can coexist within a
collaborative digital environment.
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