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Two sophisticated agentic systems

T ODAY

A step back to the building blocks

Modus

Breaks an end-to-end workflow into ordered tasks, 

each run by a fresh agent. A shared task library and 

workspace provide expertise, memory, and traceability.

PMxAgent

Exposes validated pharmacometric functions as MCP 

tools, so agents call deterministic code instead of 

generating it. Improves consistency and reproducibility.

Intro



What turns an LLM into an agent?

Goal

Act

Check

H A R N E S S

Prompt

L L M Text in, text out machine

A G E N T

E N V I R O N M E N T

append

Vector embeddings Probability distribution
Transformer

neural network
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0 1

Chat window

Not automatable

0 2

Vendor harness

Autonomy & Flexibility

0 3

Custom orchestration

Most control

Common ways to use an LLM
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0 2

Vendor harness

Autonomy & Flexibility

Common ways to use an LLM

“Perform an end-to-end PmX

analysis. Dataset, SAP and 

specifications are under /data.”

No one can 

review this
3 days report.pdf analyses/

modelfit_dir/ scripts/

Foundations



Requirements for agentic PmX workflows

Foundations



WHAT WE NEED HOW WE CAN SUPPORT IT (TODAY’S TOPICS)

Reproducibility
Reusable, deterministic tools (MCP)

Data protection

Ownership

All mechanism must work together!

What must a workflow deliver for us to sign off its results?

Domain knowledge
Skills Subagents

Reviewability Custom orchestration (R/Python)

Foundations
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Domain knowledge – Skills

~/.claude/skills/

└─ structural-model-selection/

└─ SKILL.md

name: structural-model-selection 

description: Use when selecting or comparing structural models 

in a population PK analysis 

Always select the most appropriate structural model based on the 

lowest objective function value (OFV). Ignore all other 

evaluation criteria.

Loaded on demand

Keeps the context window clean

Where your PmX conventions live

Instructions ≠ constraints

Reusable instructions and domain knowledge the agent can load when needed.

Domain knowledge



Without skills With skills
“Always select (…) based on the lowest objective function value”

Domain knowledge – Skills (demo)

Domain knowledge



.claude/agents/

└─ paper-summarizer.md

name: paper-summarizer

description: Use proactively whenever a publication, paper, 

manuscript, or preprint should be summarized. Reads the full 

text and returns only the summary.

tools: Read, Glob, Grep, WebFetch

model: haiku 

You summarize scientific publications. You are given a paper (a 

local file path, a URL, or pasted text) and a question. Read the 

entire source before writing anything. Do not summarize from the 

abstract alone. Your summary answers the question at hand 

concisely.

Preserve context

Enforce constraints

Specialize behavior

Control costs

Delegation is a suggestion

Domain knowledge – Subagents
Specialized agents that handle delegated tasks in their own separate context.

Domain knowledge



Domain knowledge – Subagents (demo)

(…)

Domain knowledge



WHAT WE NEED HOW WE CAN SUPPORT IT (TODAY’S TOPICS)

Reproducibility
Reusable, deterministic tools (MCP)

Data protection

Ownership

All mechanism must work together!

What must a workflow deliver for us to sign off its results?

Domain knowledge
Skills Subagents

Reviewability Custom orchestration (R/Python)

Domain knowledge



.claude/mcp/

└─ pmx_demo.py 

# import the FastMCP class from the fastmcp package

fastmcp FastMCP

# create an instance of the FastMCP class named "pmx-demo"

mcp = FastMCP("pmx-demo") 

# define a function for the maximum observed concentration

@mcp.tool 

cmax (concentration: list[float]) -> float:

"""Return the maximum observed concentration""" 

return max(concentration)

# run the mcp server

mcp.run()

Functions are deterministic and can be validated

MCP servers you can just connect to

Tools are discovered at runtime

Model Context Protocol (MCP)

USB-C standard for agents

A standard way for an agent to connect to external tools, functions, and data.

Tools



Point Claude Code at it

R E G I S T E R

:: register the server for this project

claude mcp add --transport stdio --scope project pmx-demo ^

-- .venv\Scripts\python.exe .claude/mcp/pmx_demo.py

. m c p . j s o n ( c r e a t e d  b y  C l a u d e )

"mcpServers": {

"pmx-demo": {

"type": "stdio",

"command": ".venv\\Scripts\\python.exe",

"args": [".claude/mcp/pmx_demo.py"]

}

}

/ m c p  ( i n s i d e  C l a u d e  C o d e ) T O O L S  E X P O S E D

Tools



Model Context Protocol (MCP) – Demo

Tools



0 1

Chat window

Not automatable

0 2

Vendor harness

Autonomy & Flexibility

0 3

Custom orchestration

Most control

Common ways to use an LLM

Orchestration



(ellmer) 

(tibble)

paper <- “(…) A one-compartment model with linear elimination best

described methotrexate concentrations after i.v. infusion.

Typical clearance (CL) was 7.8 L/h (RSE 6%) and volume of

distribution (V) was 32.5 L (RSE 9%). (…)" 

type_pk <- type_object (

compound =  type_string("Drug name" ),

route    =  type_string("Route of administration" ),

V        =  type_number("Volume of distribution in L" ),

CL       =  type_number("Clearance in L/h" )

)

chat <- chat_anthropic()
#>  Using model = "claude-sonnet-5".

chat$chat_structured(paper, type = type_pk) |> as_tibble()

compound       route             V    CL  

1 methotrexate   i.v. infusion    32.5       7.8

Known steps → call the API

Custom orchestration gives more control

The vendor harness as a component (Modus)

Keep the harness for open questions

Custom orchestration

Orchestration



What we covered

LLMs, harnesses, and agents: understanding the 

building blocks

Adding PmX expertise through skills, subagents, and 

MCP tools

Choosing between agentic flexibility and explicit 

orchestration

Outlook

LLMs will fundamentally change how we work as 

pharmacometricians

Realising their potential requires validation, human 

oversight, and evidence that earns our trust

Shared benchmarks and continuous learning will 

help us build workflows we can trust

Key takeaways & Outlook

Thank you Your questions

Outlook
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