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Al'in Drug Development 7 A

Once-in-a-Century Opportunity

A.lL. is a “once-in-a-century opportunity” for
How A.l. IS Revolutionizing the pharmaceutical business, according to
Drug Deve|()pment the consulting firm McKinsey & Company.
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https://www.nytimes.com/2024/06/17/business/ai-drugs-development-terray.html
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LLMs in Analysis Workflow

Scope

Parameterize and Run
Statistical Analysis
Through
Conversation
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LLM Performing Analysis 7 A

Demonstration

Biostat Chatbot
Biostat Chatbot here, what analysis do you want to perform today?

Type your message here.. I
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Technology Stack
Python, SAS/R, LLM
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Technology Stack A Rancs

Constellation of Technology to Enable the Al/LLM Analysis System

PostgresOL
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Technology Stack A Rancs

Constellation of Technology to Enable the Al/LLM Analysis System

PostgresOL
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The Human Workflow
Ask the right questions
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Human Workflow ALpresine

A Chat between Statistician and Statistical Programmer and Asking the Right Questions

Hi, I'm Songgu.
I'm a statistical programmer.
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Human Workflow ALpresine

A Chat between Statistician and Statistical Programmer and Asking the Right Questions

sure. We can run MMRM using FEV1.
Do you want to use AVAL, change from baseline
or percent change?

Okay. FEV1 change from baseline.
What analysis set should we use?

ITT. Gotit.
What covariance matrix should we use?

Okay. So, MMRM analysis. Endpoint will be FEV1
change from baseline. Analysis set will be ITT.
Covariance matrix will be UN. Is that right?

Okay. Let me get to it.
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Human Workflow ALpresine

Formalizing the Chat into a Structured Workflow
@ Statistician @ Statistical Programmer

" : |dentify Statistical Analysis Method
Initiate Analysis Request » Evaluate request to identify statistical analysis method o Identlfy Aﬂa|yS|S Method

|dentify Analysis Specific Questions
+ Ask analysis specific questions ® Analysis Specific Parameterization

» Determine if initial request contains this information

Ask Statistician for Missing Information

+ Ask the statistician to provide missing information

= © Collect Additional Information

rize Parameterization

* Summarize parameterization
+ Ask the statistician to confirm or update

= O Confirm/Update Information

Execute Analysis
+ Store parameterization 9 Execute Ana|y5i5
» Execute analysis in SAS/R
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42 f) Statistician

Initiate Analysis Request

Al Workflow

Apply Al Magic to Generate Output

AN
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Human Workflow ALpresine

The Basis for the Al Workflow
) Statistician 4o} Statistical Programmer

" : |dentify Statistical Analysis Method
Initiate Analysis Request » Evaluate request to identify statistical analysis method o Identlfy Aﬂa|yS|S Method

|dentify Analysis Specific Questions

+ Ask analysis specific questions ® Analysis Specific Parameterization
» Determine if initial request contains this information

Ask Statistician for Missing Information

+ Ask the statistician to provide missing information

= © Collect Additional Information
Evaluate Additional Information

» Make sure additional information meets parameter needs

rize Parameterization

* Summarize parameterization
+ Ask the statistician to confirm or update

= O Confirm/Update Information
! . .

+ If update, then evaluate updated parameterization

Execute Analysis
+ Store parameterization 9 Execute Ana|y5i5
» Execute analysis in SAS/R
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Al/LLM Workflow ALAresine

Deterministic vs Probabilistic

0

Handled through traditional programming

Probabilisti

Handled through Al
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Al/LLM Structured Workflow ALAresine

Adding Al/LLM into Structured Workflow
) SYSTEM

Identify
Analysis Method

Evaluate Initial Request for Statistical Analysis

Initiate Analysis Request Compare against list of statistical analysis methods
Develop updated prompt and submit to LLM

!

Analysis Specific Parameters

Evaluate initial request for analysis specific parameters
Supplement with metadata as needed

!

Ask User for Missing Information

After determining missing information, ask user to provide
additional information

|dentify Statistical Analysis Method )
* Evaluate prompt to identify statistical analysis method

Analysis Specific
Parameterization

Parameterize Statistical Analysis 9

+ Ensure conformity of analysis parameters

CollectAdditional
Information

— ©

Fvaluate Additional Parameters

+ Ensure conformity of analysis parameters
« May require additional information or clarification

Evaluate Additional Information

Make sure additional information meets parameter needs

mmarize Parameterization

Summarize parameterization
Ask user to confirm or update

Confirm/Update
Information

— O

+ Ensure conformity of analysis parameters
+ May require additional information or clarification

! P e

If update, then evaluate updated parameterization

Store parameterization
Execute analysis in SAS/R

Execute Analysis

e
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Al/LLM Structured Workflow ALAresine

Step 1: Identify Analysis Method

) Qg n Identify
. Qg q Anal Method
N _ Evaluatelnl|t|aIIRe uest for Stat|§t|caIAnaI is | Identify Statistical Analvsis Method nalysis Metho
Initiate Analysis Request | - Compare against st of statistical analysis methods ™~ « Evaluate prompt to identify statistical analysis method 0
» Develop updated prompt and submit to LLM promp y

Step 1: Identify Analysis Method

@ Inspectrequest from the user
® \What statistical analysis did the user request?
©® Return analysis method name back to the system

tep 1 n S M

©® He is asking for a statistical analysis method

® | know a lot of statistical methods

© Does the request match one of the statistical
methods that | know?

CONFDENTIAL Arcsine Analvtics © 2025



Al/LLM Structured Workflow ALAresine

Step 1:Intercept prompt and augment with additional information

The user requested the following;

“I would like to run a MMRM analysis”

Here is the list of available analvsis methods:

Descriptive statistics, ANCOVA, MMRM, Ml ...

Which (if any) of the available analvsis method is
the user requesting?

Return only the name of the analvsis method.
©® He is asking for a statistical analysis method
® | know a lot of statistical methods If the requested analvsis method is not in the list,

©® Does the request match one of the statistical return a value of 0.
methods that | know?

CONFIDENTIAL Arcsine Analvtics © 2025



Al/LLM Structured Workflow

Step 1: Technical Insights
Step 1: Identify Analysis Method

Initiate Analysis Request

Evaluate Initial Request for Statistical Analysi

+ Add list of standard statistical analysis
+ Develop updated prompt and submit to LLM

7|4Arcsine
Analytics

| would like to run a MMRM analysis

Analysis Method

Descriptive Statistics

ANCOVA | -
MMRM

T
Retrieve

The user requested the following:

“I would like to run a MMRM analysis”

Here is the list of available analvsis methods:

Descriptive statistics, ANCOVA, MMRM, Ml ...

Which (if any) of the available analvsis method is
the user requesting?

Return only the name of the analvsis method.

If the requested analvsis method is not in the list,
return a value of 0.

|dentify Statistical Analysis Method
+ Evaluate prompt to identify statistical analysis method

Analysis Parameters
Analysis Method  MMRM

I
Augment

Endpoint ?
Analysis Set ?
l |
T
Generate

CONFIDENTIAL
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Al/LLM Structured Workflow ALAresine

Step 2: Ask Analysis Specific Questions

Step 2: Analysis Specific Parameterization

Great! I know how to run MMRM!
Butin order to run MMRM ... | also need to know ...
Did the initial request already contain some of that
information?

Do I need to ask questions to get that
information?

Analysis Specific

Analysis Specific Parameters , w , Parameterization
_— : ” Parameterize Statistical Analysis
+ Evaluate initial request for analysis specific parameters 8

) e Ensure conformity of analysis parameters
» Supplement with metadata as needed y ISP

|1

Step 2: Ask Analysis Specific Questions

O FEvaluate initial request for additional analysis information
® |f additional information was provided, store for later use
©® |dentify missing information

CONFDENTIAL Arcsine Analvtics © 2025



Al/LLM Structured Workflow ALACsine

Step 2: Intercept prompt and augment with additional information

il P

- -
A .
Y e
s
s
,/
4
,’ Analysis Parameters
,/ @ v Analysis Method  MMRM & The user requested the following:
#€) rskaboutnext > Endpoint ? : :
. _ “I would like to run a MMRM analysis.”
II Covariance Matrix ?
,l'l Here is the list of available endpoints:
I
I : FEV1, FEV1PRED, FVC ...
|
1
|‘ \ Which (if any) of the available endpoints is the
“ “ user requesting?
\
\ Return only the PARAMCD value for the
N\ Step 2: Analysis Specific Parameterization endpoints.
O Great! | knowhow to run MMRM!
® Butin order torun MMRM ... | also need to know ... : : ; :
© Did theinitial request already contain some of that Ifthe requested endpoints is notin the list,
information? return a value of O.
@ Dol need to ask questions to get that
) information?

CONFIDENTIAL Arcsine Analvtics © 2025



@‘

Step 2: Technical Insights

Al/LLM Structured Workflow

Step 2: Ask Analysis Specific Questions

Analysis Parameters

v Analysis Method ~ MMRM

—~ Endpoint &

Covariance Matrix ?

Endpoints
FEV1
FEV1PRED
FVC
|
I.
Retrieve

Ask Analysis Specific Questions

 Ask analysis specific questions required to run statistical analysis
+ Supplement with metadata as needed

p—

The user requested the following:

“I would like to run a MMRM analysis.”
Here is the list of available endpoints:
FEV1, FEV1PRED, FVC ...

Which (if any) of the available endpoints is the
user requesting?

Return only the PARAMCD value for the
endpoints.

If the requested endpoints is not in the list,
return a value of 0.

I
Augment

7|4Arcsine
Analytics

» Ensure completeness and conformity of analysis parameters

Parameterize Statistical Analysi

Analysis Parameters
Analysis Method MMRM
Endpoint 0

Covariance Matrix ?

T
Generate

CONFIDENTIAL
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Step 3: Ask for Additional Information

@ |evaluated the initial request, but there’s still
missing information which I'll need to ask about

® [l ask the user for the missing information and see
if it matches with what | know

©® [l determine the value for this parameter

O [l keep asking until I have everything | need

Ask User for Missing Information

+ After determining missing information, ask user to provide
additional information

Al/LLM Structured Workflow

Step 3: Ask for Additional Information

vl

Evaluate Additional Information

» Make sure additional information meets parameter needs

'

Fvaluate Additional Parameters

+ Ensure conformity of analysis parameters
« May require additional information or clarification

Step 3: Ask for Additional Information

O Ask user about missing information

® (Check newly provided information

CONFDENTIAL
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CollectAdditional
Information

— ©
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Arcsi
@‘ Al/LLM Structured Workflow AN
Step 3: Intercept prompt and augment with additional information

Step 3: Ask for Additional Information

Ask User for Missing Information

« After determining missing information, ask user to provide
additional information

Fvaluate Additional Parameters

» Ensure conformity of analysis parameters
+ May require additional information or clarification

—_— Evaluate Additional Information
=P . Make sure additional information meets parameter needs

1

Provide Additional Information

| would like to use UN.

Step 3: Ask for Additional Information P

© |evaluated the initial request, but there’s stil
missing information which I'll need to ask about

® [l ask the user for the missing information and see
if it matches with what | know

® [ll determine the value for this parameteray,

-
-
-

-~y
~~~:--————————— -
-
_---—-—_—-————_-_
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@‘ Al/LLM Structured Workflow A
Step 3: Technical Insights

Step 3: Ask for Additional Information

Ask User for Missing Information

« After determining missing information, ask user to provide
additional information

, - , — Evaluate Additional Information - wnalli’arameters
Provide Additional Information == . Make sure additional information meets parameter needs === My e e 515 parameter s
P + May require additional information or clarification
<=

| would like to use UN.

Covariance Matrix e = ,
Analysis Parameters
UN
Analysis Method MMRM
AR(1 .
M e Endpoint 0
) : .
Covariance Matrix UN
l | l | l |
| | |
Retrieve Augment Generate

CONFDENTIAL Arcsine Analvtics © 2025



Al/LLM Structured Workflow ALAresine

Step 4: Confirm/Update Information

Step 4: Confirm/Update Information

I'll summarize everything | gathered and ask for
confirmation or updates

If update, I'll review the updated information
I'l ensure that the update makes sense

If confirmed, | will use that info for execution

Step 4: Confirm/Update Information

Summarize parameterization once information is complete
Ask user for confirmation or update information
Store final parameterization

mmarize Parameterization

* Summarize parameterization

* Ask user to confirm or update Confirm/Update
Information

— O

. . Update Parameterization B Evaluate Updates to Parameterization
Confirm/Update Parameterization —p| © Summarize parameterization and ask user to confirm « Ensure conformity of analysis parameters
« If update, then evaluate updated parameterization * May require additional information or clarification

CONFDENTIAL Arcsine Analvtics © 2025



@‘

Step 4. Confirm/Update Information

Summarize Parameterization

Al/LLM Structured Workflow

Step 4: Intercept prompt and augment with additional information

7|4Arcsine
Analytics

== . |f update, then evaluate updated parameterization

=1 - Summarize parameterization -
» Ask user to confirm or update
. Evaluate Updates to Parameterization
- B )pdate Parameterization — Lvaluate Updates 1o Farameterization
Confirm/Update Parameterization « Ensure conformity of analysis parameters

+ May require additional information or clarification

Here is a summary of the analysis request:

Analysis Parameters
Analysis Method MMRM
Covariance Matrix UN

| would like to use CS instead for the

covariance matrix.

confirmation or updates

I'l ensure that the update makes sense
If confirmed, I will use that info for execution

I'l summarize everything | gathered and ask for ¥

If update, I'l review the updated information **

Please confirm to execute or update if changes
are needed.

The user requested the following:

“I' would like to use CS instead for the
covariance matrix.”

Here is the list of parameters that can be
updated:

Endpoint, Covariance Matrix, ...

s the user confirming to execute the analysis or

is the user asking to update a parameter?

Return a value of 1 if the user is confirming and

would like to execute the analysis.

If the user would like to update a parameter,
what parameter would the user like to update?

Only return the name of the parameter.
Else return a value of 0.

CONFIDENTIAL
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eoen)  Al/LLM Structured Workflow ALAresine

Step 4: Intercept prompt and augment with additional information
Step 4. Confirm/Update Information

Summarize Parameterization

« Summarize parameterization -
+ Ask user to confirm or update
Bl s et erization  — Evaluate Updates to Parameterization
. . —
Confirm/Update Parameterization el TS NERE N . i i
== . If update, then evaluate updated parameterization = EMSUITE Eoniait i) 81 SESITE IS

« May require additional information or clarification

I'l summarize everything | gathered and ask for
confirmation or updates

If update, I'l review the updated information
Il ensure that the update makes sensemm w= -
If confirmed, | will use that info for execution

CONFDENTIAL

Covariance matrix
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Al/LLM Structured Workflow ALAresine

@‘
Step 4: Intercept prompt and augment with additional information

Step 4. Confirm/Update Information

Summarize Parameterization

—_| .

If update, then evaluate updated parameterization

« Summarize parameterization -
+ Ask user to confirm or update
. Evaluate Updates to Parameterization
W Lvaluate Upaates 1o Farameterization
Confirm/Update Parameterization Update Parameterization

—

» Ensure conformity of analysis parameters
« May require additional information or clarification

Covariance Matrix
UN
AR(T)
CS

|
Retrieve

1
Augment

CONFDENTIAL

Covariance matrix

Analysis Parameters

Analysis Method MMRM
Covariance Matrix CS
| |
|
Generate
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Arcsi
@‘ Al/LLM Structured Workflow AN
Step 4: Intercept prompt and augment with additional information

Step 4. Confirm/Update Information

Summarize Parameterization

* Summarize parameterization -
» Ask user to confirm or update

Ipdate Parameterization — Evaluate Updates to Parameterization

 Ensure conformity of analysis parameters
+ May require additional information or clarification

Confirm/Update Parameterization N

+ If update, then evaluate updated parameterization

Here is a summary of the analysis request:

Analysis Parameters
Analysis Method MMRM
Covariance Matrix cs

Please confirm to execute or update if changes
are needed.

The user requested the following:

Yes, | would like to run the analysis "Yes, | would like to run the analysis."

Here is the list of parameters that can be
updated:

Endpoint, Covariance Matrix, ...

s the user confirming to execute the analysis or

O !l summarize everything | gathered and ask for : :
confirmation or updates is the user asking to update a parameter?
® |f update, Il review the updated information : . -
© Il ensure that the update makes sense Return a value of 1 if the user is confirming and
(4]

If confirmed, I will use that info for execution " would like to execute the analysis.

If the user would like to update a parameter,
what parameter would the user like to update?
Only return the name of the parameter.

Else return a value of O.

CONFIDENTIAL Arcsine Analvtics © 2025



Al/LLM Structured Workflow ALAresine

Step 5: Execute Analysis

Step 5: Execute Analysis

© !l use all of the gathered information and run the
statistical analysis in SAS/R

® | will then present the results back to the user

Step 5: Execute Analysis

@ Use stored parameterization
® [Executein SAS/R
© Present results back to user

E 9 . Execute Analysis
Display Results = - Store parameterization (5]

+ Execute analysis in SAS/R

CONFDENTIAL Arcsine Analvtics © 2025



* “ Al/LLM Structured Workflow

Step 5: Execute analysis and Present Results back to User

Step 5: Execute Analysis

Execute Analysis
Display Results == . Store parameterization
+ Execute analysis in SAS/R

Here are the results: The following information will be sent to SAS for

2 analysis:

Statisticsbased o n ANCOVA
Covariate Effect:

Summary Statistics LSMeans Differen ce vs Reference

N n Mean SE Est SE 95% Cl Est SE 95% Cl P-vaue

Analysis Parameters
Analysis Method MMRM
Covariance Matrix (@S

Visit

Treatment

Baseline  PBO (reference) XXX XXX XX
Tre1 XK XXX XX

Trt2 XK XK XXX XX

PBO (reference) XNCHKNE XXX XX XXX XX XXX XXX

L O e The analysis has been executed using SAS.

Statisticsb ased o n ANCOVA
Covariate Effect

Summary Statistics LSMeans Differen ce vs Reference

N n Mean SE Est SE_ 95%Cl Est SE_ 95% Cl P-vdue

Treatment

Baseline  PBO(reference) XNCHKNE XXX XX
Tre1 KK XXX XX

Tre2 KK XXX XX

Week4  PBO(eference)  xoxxx Xxxx XX XXX XX XXX XXX
Tret 0K XXX XX XXX XX XXX XX XHX XX XXX XXX X006
XXX XX XXX XX XXX XXX XXX XX XXX XXX X006

Step 5: Execute Analysis

© [l use all of the gathered information and run the
statistical analysis in SAS/R

® | will then present the results back to the user

CONFIDENTIAL
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Al/LLM Structured Workflow ALAresine

Adding Al/LLM into Structured Workflow
) SYSTEM

Identify
Analysis Method

Evaluate Initial Request for Statistical Analysis

Initiate Analysis Request Compare against list of statistical analysis methods
Develop updated prompt and submit to LLM

!

Analysis Specific Parameters

Evaluate initial request for analysis specific parameters
Supplement with metadata as needed

!

Ask User for Missing Information

After determining missing information, ask user to provide
additional information

|dentify Statistical Analysis Method )
* Evaluate prompt to identify statistical analysis method

Analysis Specific
Parameterization

Parameterize Statistical Analysis 9

+ Ensure conformity of analysis parameters

CollectAdditional
Information

— ©

Fvaluate Additional Parameters

+ Ensure conformity of analysis parameters
« May require additional information or clarification

Evaluate Additional Information

Make sure additional information meets parameter needs

mmarize Parameterization

Summarize parameterization
Ask user to confirm or update

Confirm/Update
Information

— O

+ Ensure conformity of analysis parameters
+ May require additional information or clarification

! P e

If update, then evaluate updated parameterization

Store parameterization
Execute analysis in SAS/R

Execute Analysis

e
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Joining Forces to Perform Statistical Analysis
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Joining Forces to Perform Statistical Analysis
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Actual Intelligence and Artificial Intelligence 7 Anaiics

“Al will cure diseases”

THE WALL STREET JOURNAL. ‘People literally talk about how Al is
olng to cure diseases someday, and I

At Moderna, OpenAl's GPTs Are think this is a very meaningful first
Changing Almost Everything step,” said OpenAl CEO Sam Altman

By Isabelle Bousquette, April 24, 2024

CONFDENTIAL Arcsine Analvtics © 2025



https://www.wsj.com/articles/at-moderna-openais-gpts-are-changing-almost-everything-6ff4c4a5

Arcsine

Actual Intelligence and Artificial Intelligence 7 Anaiics

“People using Al will cure diseases”

p@e-connec’r US 2025

o (———— People using Al will cure diseases.
The ClinigaiData 16-19 March

Science Co ;_u_r'i rence Renaissance Orlando at SeaWorld Florida

https://www.wsj.com/articles/at-moderna-openais-gpts-are-changing-almost-everything-6ff4c4as
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Actual Intelligence and Artificial Intelligence 7 Rnaics

“We, using Al, will cure diseases”

p@e connect US 2025

\ / connect share advance

T,,ec,itf i iy [ S Wez using AIz will cure diseases.

Renaissance Orlando at SeaWorld Florida

https://www.wsj.com/articles/at-moderna-openais-gpts-are-changing-almost-everything-6ff4c4as
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LLMs can Perform Ask the right questions Actual Intelligence and
Analysis?I?! Artificial Intelligence
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