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Introduction

e Regulated analytics shifting to SAS plus R plus Python pipelines
» More capability, harder reproducibility, coordination, audit readiness

* Main failure mode: loss of control & lack of end-to-end traceability;
not math errors

e Handoffs, parameters, schemas, dependency drift, missing evidence
 Rework and cycle time up, audit exposure, hard to recreate history

» Orchestrated solution: metadata coordination, package control,
logging, RBAC, GxP ready
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Challenges Integrating SAS, R, & Python
Workflows

Errors and delay pipeline
| Fragmented govemance execution incurred
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Logging and auditability gaps

Discrepancies and )
reproducibility affected Onboarding complexity
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Framework Principles

Define standardized input/output interfaces for SAS, R,

01 shared Metadata

and Python steps to ensure consistent communication.

02 Centralized Maintain validated versions of R and Python.packages,
and control SAS macros, enabling reproducible
Package MCT executions.

Five core ;
fi 03 Harmonized Unified logging captures step execution, inputs/outputs
Ive Logging environment details, and errors for audit readiness.
principles =
Role-Based Protect workflow integrity by enforcing execution,
04 Access Controls  medification, and access (e.g., read) permissions.

05 Flexible Support sequential, parallel, and conditional execution

Orchestration of heterogeneous steps.
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Core Components of the Reference Architecture

_ Package & Version armonize
Orchestration data runtime

control & logging &
layer repository control traceability audit

Schedules & runs  Stores inputs,  Centralized MGT Every run is Enforces role- Captures event
jobs/workflow. It  code, & outputs.  of R, Python, & linked: inputs, based access level logs across
sequences steps, Must support SAS code, parameters, control across SAS, R, and
runs tasks in immutable dependencies & environment, and workspaces, data, Python into one
parallel where snapshots for  versions. Records outputs to a single  execution, and audit record
allowed. Enforces every run, retain  runtime manifest run identifierand promotion gates. system whereby
preconditions, provenance for that includes tie execution to a the logs are
blocks reconstruction, interpreter specific versioned retrievable but
uncontrolled and prevent versions, package  source state. immutable.
execution paths, overwrites of  versions, resolved
and captures run  artifacts used as dependencies,
evidence as a downstream etc.
first-class output. inputs.
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SAS-R-Python Pipeline Architecture

<X

Role-Based Access Control

Package Scrver Governed Repository
‘ ‘ 3 Approved & & Python Approved SKSMacros
Packaoes

SAS Step R Step
- Orchestration Controled SAs Runtime
S

Controlled & Runtime
Engine

« Read Contract

« Validate Inputs
« Execute

« Vaiidate Outputs

* Read Contract
Immutable Input

Workllow & Contract * Validate Inputs
Shapshot Rosi
esoiver

« Execute

« Validate Outputs

v

Python Step
Controlled Python Runtime
« Read Contract

« Validore Inputs
« Execute

« Validate OUtputs

Controlied Data
Repositore

Outputs & Artifacts

v

t

Audit & Log Store
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Key Control Points for a Defensible Architecture

Contract enforcement at
runtime

Inputs and outputs are checked and
verified against the contract before
downstream steps proceed.

01

Deterministic execution

Fixed seeds and pinned dependencies
are required where results for regulatory
reporting.

02

Promotion gates

Contracts, code, and packages move
from development to validated use only
through documented review and

Evidence by design

Every run produces a complete
evidence bundle without manual

approval. compilation.
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Operating Model: One Governance Plane

Fragmented Analytic Centralize Deploy Applications Unified Analytic
Landscape Integrate Workflows Governance ) ) Platform
Publish analytic
Disparate governance Align batch and Apply single model apps under Consistent governance
models interactive analysis across all governance across all
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Data extraction and
transformation (SAS): Curated
and standardized raw clinical
data into analysis ready products
aligned to the reporting cadence
as well as for data cleaning
activities.

Analysis and statistical
methods (R): Produced safety
summaries and analytical outputs
under an R first delivery model.

Visualization and publishing
(Python): Generated figures,
dashboards, and fixed format
deliverables required for review
and regulated reporting
packages.

Case Study: Integrated Pipeline

Mid-sized pharmaceutical

arganization

Weekly clinical safety
reporting

Python = Visualization &

reporting

Visualization and
reporting

Reduced manual
handoffs

Streamlined workflow

Faster inspection
response

Efficient response

Increased reviewer
confidence

Enhanced trust

SAS - Data extraction &
transformation

Data processing and
preparation

R — Statistical modeling

Statistical analysis and
modeling

Deterministic
reproducibility

Consistent results

Audit-ready evidence
bundles

Compliance and
readiness
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Implementation Foundation

One security and
permission model
oz applied everywhere

Single-environment,
shared governed data

Metadata driven / Governed runtimes and

orchestration and o4 dependency control
contracts

Unified evidence
generation and
harmonized logs

One system of record
for audit logs

Dynamic traceability
across data, code, &
output for all languages

No restriction on IDEs
(user’s choice)
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Outcomes

01

02

03

04

Reduction in
administrative overhead

Improved compliance
through consistency
not polic

Faster root cause
analysis and
reproducibilit

R first strategy achieved

Defining security and permissions once in the system and applying
them everywhere removed duplicated administration across
separate SAS, R, and Python systems. This reduces the ongoing
cost of onboarding, role changes, and periodic access reviews.

A unified environment replaced procedural controls with enforceable
controls. With one permission model, one governed data layer, one
orchestrated execution path, one system of record for audit logs and
evidence model, the organization reduced silent environment
changes, incomplete audit trails, etc.

When discrepancies occurred, the run evidence showed exactly
which data, code, output, configurations, and other artifacts were
used across SAS, R, and Python.

Proved R could be used as the primary analysis and reporting
language without creating a parallel environment. Strategic goal of R
first achieved - while still supporting SAS and did so without
fragmenting governance, duplicating data, deploying additional
tools, or splitting compliance responsibility across tool specific silos.
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Three Key Lessons Learned

Organizational maturity in
governance, package
management, etc.

Successful adoption requires a baseline level o

organizational maturity, including defined ownership of
packages, workflow governance, etc. It directly contributes
to robustness by reducing amblgwty, enforcing

Foundational
investment enabling
long-term stability and
scalabilit

The implementation reduces complexity compared to ad hoc
&/or tool-specific workflows. This upfront effort improves
long-term stability by preventing uncontrolled variation and
minimizing rework during inspections, upgrades, etc.

Approach reinforces robustness by ensurnng that a
workflow components adhere to defined interfaces and

execution rules, which is essential for maintaining
reproducibility, traceability, and audlt readiness across

Dependence on enforceable
orchestration practices
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Five Strategic Takeaways

@@

Polyglot
Environments

Hybrid SAS-R-
Python
environments
require one

governance plane.

Metadata Backbone

Metadata is the
coordination
backbone,
eliminating
ambiguity across
languages.

€@

Continuous
Compliance

Automatic Evidence

Dependency Control

Every run produces
reconstructable
proof, ensuring

transparency.

Pinned
environments
prevent silent drift,
ensuring
consistency.

Operationalized
control supports

replacing static
validation.
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Future Outlook and Conclusion:
Integrated SAS, R, and Python pipelines are inevitable and required!

®* Coordination as a platform capability:
Orchestration standardizes sequencing, branching,
and evidence capture across languages.

® Contracts make intent enforceable: Shared
metadata contracts drive consistent runtime
behavior and reduce rework.

* Inspection ready evidence by design:
Harmonized logging and run identifiers link
configurations, inputs, outputs, and logs into
reconstructable audit evidence.

* Governed flexibility: Centralized dependency
governance, role-based access control, and
controlled outputs let teams use the right tool
without fragmenting compliance.
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