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Abstract

With the rapid emergence of large language models (LLMs), generative Al has evolved from a
conversational tool into a powerful platform that has accelerated and changed the ways industries use
automation. Beyond just a prompt-level interaction, LLMs now enable the development of Agentic Al tools
and workflows to augment statistical programming and increase automation within clinical research. This
paper explores the usage of these Al agent-driven tools and the design/workflow of such systems.

Specifically, the primary systems this paper focuses on are an SAP (Statistical Analysis Plans) generator,
a Clinical Trial Protocol generator, and a TFL (Tables, Figures, and Listings) Validator. This paper first
outlines how to design workflows for building such Al tools. Then, this paper explains the internal logic of
each application. Next, this paper describes the steps it takes to communicate effectively with both the
LLMs and the user. Finally, this paper demonstrates how to test and analyze these applications to
generate consistent, regulatory-aligned SAP and protocol content, as well as validating TFLs through
generated python code.

In addition, the development and iteration of these Al agent systems are accelerated through the use of
Cursor, an Al-assisted coding environment. This paper also explains how Cursor can be used to generate
and refactor code, explain functions and workflows, and even reflect on and resolve errors the
applications face.

Altogether, this work demonstrates how Al agents, combined with Al-augmented development tools, can
help modernize, accelerate, and transform the statistical field by reducing manual effort, improving
consistency, and enhancing autonomy.

Al Agent Workflow

Like any well-designed software system, there should be a clearly defined workflow to outline how your
system works. In an Al Agent system, it is essential to clearly indicate and define which LLM/agent is
responsible for processing specific types of information. Tasks should be intentionally delegated to their
most appropriate Al Agent for efficiency and modularity. Additionally, it should be explicit what input each
Al Agent receives and what output it produces. Moreover, it should specify how Al Agents interact
sequentially (outputs from one Al Agent as inputs to another).

Below is an example of an Al Agent Workflow:
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In the example above, it can be seen how the process of this workflow is split up. For context, this is our
TFL Validator Application that takes in a TFL and generates code to produce the values found in the TFL
result and validates whether the TFL result is accurate or not. In this workflow, each Al Agent is shown
with a specific purpose.

- Al Agent 1 taking in the TFL results to begin generating code

- Al Agent 2 then checks if the code is running properly and debugs if needed

- Al Agent 3 checks over the code results and produces a comparison table that shows which
values the TFL is consistent with our code and add on to our code and code result output.

- Al Agent 4 is also used if the user would like to modify or add on to the code and comparison
generated.

As shown, this structured design keeps the workflow easy to maintain and straightforward with how the
system should run, improving interpretability, maintainability, and scalability of the overall system.

Document Generators
Clinical Trial Protocol Generator

The Clinical Trial Protocol Generator, titled ClinProt.ai, takes a simple trial title input and generates an 18
section length protocol word document with information automatically filled in based on the input and
following regulations. The system requires only to simply input the title in the textbox and click generate
protocol.



ClinProt.ai

Input Output

Describe the clinical trial protocol you need:
Generated protocol will appear here. You can edit it directly in the edit area below.

An Open-label, Multicenter, Phase 1a/2a Trial Investigating the Safety, Tolerability and
Antitumor Activity of Multiple Doses of Sym013 (Pan-HER), a Monoclonal Antibody Mixture
Targeting EGFR, HER2 and HERS, in Patients with Advanced Epithelial Malignancies

Generate Protocol

The word document is then able to be downloaded and/or edited for the user’s own discretion or is also
able to be asked for modifications.

Edit Protocol

Edit the protocol (changes will be saved when you click 'Save Changes'):
* pata Saiety IVIonioring boara may be esanisnea I neeaea
* Regular safety data review by sponsor medical monitor

13. MONITORING AND QUALITY ASSURANCE

13.1 Compliance with Good Clinical Practice

Trial conducted per ICH-GCP guidelines and applicable regulations.

13.2 Source Documents

Source data verification per monitoring plan and risk-based approach.

13.3 Monitoring

Regular on-site and remote monitoring to ensure protocol compliance, data quality, and patient safety.

14. HANDLING AND PROCESSING OF DATA

Download Protocol

® Download Word Document




Modify Protocol

Enter your modification request:

Modify Protocol

Start Over

Now, how the application works is that with the information that the user inputs, it is sent to the LLM
(implemented using Anthropic) and all other Al agents, along with a user prompt and a system prompt.
What a user prompt does is it explains to the LLM what their task is and the instructions and information it
needs to know to specifically fulfill the request and requirements needed. A system prompt is what tells
the LLM what their role is and guidelines/requirements they need to follow whenever they are generating
a request. Typically, the system prompt is sent to the LLM every time it is run in the application and is kept
the same every time it is sent.

Example system prompt:
## Role

You are an expert medical protocol writer. Generate a concise clinical trial
protocol that covers all essential sections while keeping each section brief
and focused.

## Guidelines

1. Keep each section brief but complete
2. Use bullet points for lists

3. Focus on essential information only
4. Use clear, concise language

5. Maintain ICH-GCP compliance

6. Include all required sections

7. Use standard medical terminology

8. Keep descriptions brief but clear

9. Use tables where appropriate

10. Focus on key requirements only

Using the prompts and information given, the LLM then generates the protocol information, and the
application processes the information into a word document for the user to be able to download and use.
Once generated, if the user decides to send a modification request for the document, that request
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information and a different user prompt + the original system prompt is then sent back to the LLM to
modify the document accordingly.

Statistical Analysis Plan Generator

The SAP Generator is very similar to the Protocol Generator but has additionally functionality to the
application. It takes a simple protocol title and then generates a 6 section length Statistical Analysis Plan.

ClinSAP.ai

Input Output

Describe the ClinSAP analysis plan you need:

Generated SAP will appear here. You can edit individual sections once content is generated.
EFFICACY AND SAFETY OF LANREOTIDE AUTOGEL® 120

MG ADMINISTERED EVERY 14 DAYS IN WELL DIFFERENTIATED, METASTATIC
OR LOCALLY ADVANCED, UNRESECTABLE PANCREATIC OR MIDGUT
NEUROENDOCRINE TUMOURS HAVING PROGRESSED RADIOLOGICALLY
WHILE PREVIOUSLY TREATED WITH LANREOTIDE AUTOGEL® 120 MG
ADMINISTERED EVERY 28 DAYS

Generate SAP

The SAP can then also be downloaded into a word document and/or edited for the user’s discretion,
along with allowing for modification requests. However, this application also allows users to modify
specific sections so that if the user only wants to make a change to a specific section with a quick fix,
they’re able to make that request. The user simply needs to select the section(s) they want to modify and
the user can then ask what they want to modify in that specific section(s).

Modify SAP
 Global Modification B

Modify specific sections with LLM
Choose editing mode:
@® Single Section Multiple Sections
Seielt section to modify:
STATISTICAL ANALYSIS PLANl
STATISTICAL ANALYSIS PLAN
1. BACKGROUND AND RATIONALE
1.1 Study Objectives
1.2 Study Design
1.3 Methods and Procedures
2. SUBJECT POPULATIONS (ANALYSIS SETS)

2.1 Efficacy

2 2 C~vAm

Enter your modification request tor STATISTICAL ANALYSIS FLAN:

@® Modify STATISTICAL ANALYSIS PLAN

Start Over




They can also choose to edit directly and save their changes if they would like to update directly on the
application for future use.

Output

Select Section to Edit -

Choose a section:

1. BACKGROUND AND RATIONALE|

All Sections

B STATISTICAL ANALYSIS PLAN

B 1. BACKGROUND AND RATIONALE

Preview: ## 1. BACKGROUND AND RATIONALE

Neuroendocrine tumours (NETs) are heterogeneous neoplasms arising from neuroendocrine cells distributed
throughout the body. Pancreatic and midgut NETs represent significant clinical challenges, particularly in

patients with well-differentiated, metastatic, or locall...

Full Content:

Edit 1. BACKGROUND AND RATIONALE:

## 1. BACKGROUND AND RATIONALE

Neuroendocrine tumours (NETs) are heterogeneous neoplasms arising from neuroendocrine cells
distributed throughout the body. Pancreatic and midgut NETs represent significant clinical challenges,
particularly in patients with well-differentiated, metastatic, or locally advanced unresectable disease.
Lanreotide Autogel® 120 mg administered every 28 days has demonstrated efficacy in controlling NET
progression; however, disease progression may occur despite standard dosing intervals, necessitating
evaluation of more intensive dosing regimens.

This studv evaluates the efficacv and safetv of dose intensification through shortened administration

Again, SAP Generator follows a very similar Al Agent process to the Protocol Generator, with additional
functionality for section-level modifications. The LLM first takes the title input that the user enters and
sends it to the first Al Agent with a user prompt and system prompt. This then generates our SAP
document to be downloaded or modified based on the user’s decision.




The user then has the option to modify the document as a whole or a specific section. If they choose to
modify as a whole, then the same process happens as it did in the Protocol Generator, the generated
document, modification request, and the modification user and system prompt are sent back to the LLM
to modify accordingly. If the user chooses to do a specific section, only that section of the generated
document will be sent to the LLM, along with the modification request and the same user + system
prompts as the other modification option. The specific section option is important as it allows the Al Agent
to take less time focusing on aspects of the document it doesn’t need to and allows for a quick change
that takes seconds to edit.

Both these generators allow for documents that may take hours or even days to create, to be done easily
for the user to work with and edit in less than a minute. Additionally, with the modification feature, it can
even shorten time to finalize documents which can take weeks or even months to fully finalize!

TFL Validator

For the TFL Validator, the process and workflow are a bit more complex. To begin, the user will have the
option of uploading one or more TFL files that they would like to validate. Then to begin the automated
process, the user will click process all files automatically.

BB Upload TFL Files -

Select upload mode: (2)

Single File @ Multiple Files (Batch)
Choose multiple RTF files

@ Drag and drop files here
Limit 200MB per file « RTF

Browse files

[ t1412.a4s.

[} t1411dmrtf e

8 2 TFL files uploaded successfully!

B View uploaded files (2)
ot 14 1 1 dm.rtf

«t_14_1 2 ds.rtf

® Or proceed through workflow steps manually

For context, the data that is being used is from CDISC and this is one of the example TFLs we will be
using:



ABC Therpapeutics
Protocol
Clinical/Statistical Report

Table 14.x.x.x

Page 1 of 2
Confidential
22JUL25, 08:32

Demographic Table
All Patients

Characteristic Placebo Xanomeline Low Dose  Xanomeline High Dose TOTAL
Category/Statistic (N=86) (N=84) (N=84) (N=254)
Age at Informed Consent

n 86 84 84 254

Mean (SD) 75.2 (8.59) 75.7 (8.29) 74.4 (7.89) 75.1 (8.25)

Median 76.0 77:5 76.0 77.0

Q1,Q3 69.0, 82.0 71.0, 82.0 71.0, 80.0 70.0, 81.0

Min, Max 52.0,89.0 51.0, 88.0 56.0. 88.0 51.0,89.0
Sex, n (%)

Female 53 (61.6) 50 (59.5) 40 (47.6) 143 (56.3)

Male 33 (38.4) 34 (40.5) 44 (52.4) 111 (43.7)
Ethnicity, n (%)

Hispanic or Latino 3(3.5) §C7D 3(3.6) 12 (4.7)

Not Hispanic or Latino 83 (96.5) 78 (92.9) 81(96.4) 242 (95.3)
Race, n (%)

White 78 (90.7) 78 (92.9) 74 (88.1) 230 (90.6)

Black or African American 8(9.3) 6(7.1) 9(10.7) 23/(9.1)

Asian 0 0 0 0

American Indian or Alaska Native 0 0 1(1.2) 1(04)

Native Hawaiian or Other Pacific Islander 0 0 0 0

Multiple 0 0 0 0

There is then python code generated to find the same data using data sets that were already integrated in
the application and for the user to have and test on their own.

Snippet of a section of code:

pandas pd
numpy np
os

pathlib

filename

available_files os.listdir(cdisc_data_path

matching_file None
file available_files
file. lower filename. lower

matching_file file

matching_file:

file_path os.path.join(cdisc_data_path
df pd.read_sas(file_path, encoding='
df.columns df.columns.str.upper
df

filename

None
Exception

! filename stri(e

None

cdisc_data_path) :

£ os. listdir(cdisc_data_path

Exception

cdisc_data_path):

matching_file

cdisc_data_path

f.endswith




The code is then automatically run through a virtual python environment to check for any errors and
debug if necessary. Finally, the application sends out a comparison table to the user for values that the
generated code found to be the same as the TFL inputs and values that were found to be different.

Validation Comparison Table

Placebo XanomelineLow  Xanomeline High  TOTAL

Section Subcategol
S (N=86) Dose (N=84) Dose (N=84) (N=254)

Age at
Informed

Consent
M s6 M 84 M 84 All match exactly (TFL: 86, 84, 84, 254)

B 752 All match exactly (TFL: 75.2 (8.59), 75.7 (8.29),
Mean (SD) i) B 75.7(8.29) B 74.4(7.89) s 1)('8( 25) {652 523

Median M 760 W5 M 760 All match exactly (TFL: 76.0, 77.5, 76.0, 77.0)

2 e Differences in quartiles. Code output: 69.25,
Q1,Q3 81' - 7 B 710,820 % 70.75,80.0 81.75 vs TFL: 69.0, 82.0 (Placebo); Code output:
’ 70.75, 80.0 vs TFL: 71.0, 80.0 (High Dose)
M 5200, All match exactly (TFL: 52.0, 89.0; 51.0, 88.0;

Min, Max M 51.0,88.0 M 56.0,88.0
89.0 56.0, 88.0; 51.0, 89.0)

Sex, n (%)

All match exactly (TFL: 53 (61.6), 50 (59.5), 40

Female B 50 (59.5) B 40 (47.6) i)

All match exactly (TFL: 33 (38.4), 34 (40.5), 44

B 34 (40.5) B 44 (52.4) o e

Ethnicity, n
(%)

All match exactly (TFL: 3 (3.5), 6 (7.1), 3 (3.6), 12

Hispanic or Latino B335 Me(71) @)

This can then be downloaded as a word document as well in any case where the user may need a report
of the validation. Additionally, the TFL validator also has the option for the user to make modification
requests for the code and/or edit the code directly to test in the virtual python environment.

This system is implemented as a multi-agent architecture consisting of distinct components responsible
for generation, execution, validation, and modification.

1. The files that the user uploads are sent to the LLM along with our prompts and data set to which
the LLM then decides which data set(s) is most appropriate to use.

2. It then analyzes what values are needed and generates python code that matches the type of
data in the TFL file.

3. The outputted code proceeds to then run through the virtual python environment and resolves
any errors found by sending the errors back to the LLM again, along with the generated code, for
it to debug and fix until solved.

4. The output of the final generated python code is then sent to the LLM one last time along with the
original TFL input values and is asked to create a comparison table to output to the user and
provided as a downloadable word document along with the final generated code for the user to
keep and test themselves.

5. If at the end, the user would like to make changes to the code, they can then ask for modifications
to be sent back to the LLM or edit directly to the code to be run through the python virtual
environment and shown a new comparison table.



Each time the LLM is run, it uses the corresponding prompt for its task when needed including: code
generation, code debugging, comparison, and modifications. This is also what is shown in our Al Agent
Workflow example.

Although a complex process, the user will now be able to simply input the TFL files they would like to
validate and see a visible comparison table, as well as the code used to validate so that they may test it
themselves.

Testing and Fixing the Applications Using Cursor

Of course, all applications are never perfect. Therefore, it's important to understand how to test and fix
these applications so that they can run as well as possible. One method that allows this process to be
streamlined is by using Cursor, an Al-assisted coding environment.

By opening Cursor with your coding platform (I’'m using VS Code with Cursor), it can have access to your
code and begin to analyze and understand your entire application so that you can ask it any questions or
changes to make.

Agent

Plan :
Review

Debug
Ask

Agent

You can either use agent to allow Cursor to automatically make changes to your code based on your
request, plan to process what you want Cursor to do and then make the changes when ready, debug to
fix errors in your code, or ask to understand aspects of the code or application.

An example is for the TFL validation tool, it uses async.io and if | were curious how it's exactly being used
in my code, | can ask Cursor to explain it step by step for me. This being a snippet of the output:

Can you explain how async is handling each
step

Step-by-Step Breakdown

Step 1: Code Generation

Flow:

. User clicks "Generate Code for All"
{

. asyncio.run(run_all_generate()) starts
{

. Creates tasks: [generate_one(filel), gene
{

. All tasks start simultaneously in thread
{

. Each generate_one() calls:
await asyncio.to_thread(generate_code_wit
{

. While waiting for API responses, event lo
{

. As each API call completes, asyncio.as_co
{

. Results processed immediately (update UI,
{

. Progress bar updates as each completes

Timeline example (3 files, each takes ~5 seconds):

Sequential (OLD): Filel » File2 -» File3
Parallel (NEW): Filel 4
File2 { All start at o
File3 | = ~5 seconds
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It can also detect errors that the application faces while it's running and is able to debug when prompted
to after the application is done running. This enables easy understanding of what to fix and can help with
future testing. In addition to testing, since Cursor understands well on how the application runs, it can also
be used to create test cases for the applications and even run them on its own to find any errors that may
need fixing. After all, Al understands Al the best.

Can you check to see if the application is working by running some
tests

Agent

Comprehensive test script to verify application is working

All tests passed. Summary:

Test Results Summary

All tests passed
1. Module imports (5/5)
® core.prompt_manager v
® core.code_generator v
® core.code_executor v/
® core.lab_shift_analyzer v/
® core.ai_tools v
2. Tools registry
e Tools loaded: 1 tool (generate_lab_shift_output )
e Tool structure validated v/
e Tool lookup function works v/
3. Lab shift function
¢ Function exists and is callable v/
e Correct parameters (including required cdisc_data_path) v/

e Tool definition matches function name v/

4. Code generator tools integration
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As shown, testing can be done easily within the program without having to run the application each time
and if during testing Cursor finds errors in the program, then it can automatically fix your code until it is
properly functioning. You are also able to check on the changes made by Cursor and see exactly what it
added or deleted and choose whether or not you would like to keep those changes as seen below.

Review

@ code_generator.py +18

] test_execution_flow.py

@ test_auto_execution_debugging.py +418

@ test_full_execution_flow.py +309

¥ TEST_RESULTS.md +152

@ ai_tools.py +25

@ test_prompt_loading.py

@ test_application.py +288

@ prompt_manager.py +1

¥ EXECUTION_DEBUGGING_TEST_RESULTS.md +162
¥ AUTO_COMPARISON_MULTI_FILE_UPDATE.md +126
@ generation.py +133 -23

¥ PROMPT_VERIFICATION.md +46

¥ AUTO_TAB_SWITCHING_MULTI_FILE_VERIFICATION.md +148
@ code_executor.py +3

@ test_integration.py +129

(VYIRS Keep File Cirl+
def generate_code_with_anthropic(
lab_shift_keywords = (
"lab shift", "shift table", "shift from baseline",
"baseline to worst", "worst post-baseline", "laboratory shift",
"shift analysis"”, "hematology shift", "chemistry shift"
)
is_lab_shift_tfl = any(kw in rtf_lower for kw in lab_shift_keywords)
sample_lab_shift_section = ""
if is_lab_shift_tfl:
try:
sample_lab_shift = PromptManager.load_prompt('sample_code_lab_shift')
if sample_lab_shift and sample_lab_shift.strip():
sample_lab_shift_section = (
"\n\nIf input TFL output is for lab shift, use the following
"\n\nThe following sample shows the EXACT style of lab shift
"when this TFL is a lab shift / baseline-to-worst lab shift t
"For lab shift tables, base your generated code primarily on
"names, filters, and formatting to match the current TFL. "
"If this is not a lab shift table, ignore the sample.\n\n"

"<sample_code_lab_shif 20f4 Undo Ctrl+N
i \n

np

Conclusion

In conclusion, this paper demonstrates how Al agent—driven tools, combined with Al-augmented
environments, can significantly accelerate and enhance clinical research workflows. By integrating
structured user inputs, LLM-based reasoning, and deterministic validation mechanisms, these types of
systems can strengthen automation while maintaining transparency and control in regulated
environments. As these tools continue to evolve, manual effort will be significantly reduced and, thus,
improve reproducibility, accelerate developments, and faster usage and results for not only statisticians,
but for all types of fields in the industry.
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