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Prasanna Parthasarathy is a Senior Principal Statistical Programmer at Syneos Health, with
over 16 years of experience in the CRO industry. Currently, he serves as a Study Lead
Programmer and has significant experience working with next-generation tools, particularly
R. He played a pivotal role in assisting the client with setting up the pilot version of the R
transformation and Hybrid model and its associated tools. Within Syneos Health, Prasanna

has been recognized for his innovation, proactiveness, and leadership qualities. In the past,

he has presented at multiple conferences:

v' 2017, Delhi — Future of Clinical Trials and SDTM Standards
Syneos Hea|th v' 2021, December (Virtual Event) — Robotic Process Automation

v' 2022, Virtual Summer Event — Considerations from the FDA and the CTTI for

Performing a Decentralized Trial (DCT)
v’ 2023, ISCR_Admiral_workshop

v' 2025, CDISC India Day - Modular programming of SDTM in R using {sdtm.oak}
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Synopsis

This presentation describes a modern clinical programming environment that combines

SAS and R within a containerized platform, enabling programmers to leverage the | S | < -
, : C . - . LN ey 0] secured
strengths of both technologies while maintaining regulatory compliance, reproducibility,  Studio | Rtudio == LRy Cirice| Data
Containerized Environments
security, and collaborative development practices. The ecosystem separates code, / I

compute environments, and clinical data into distinct managed components.

PRI TN
Programmers can launch SAS Studio or RStudio on demand through containerized o \_ 7 JJ
ompute \_ Collaborative

. . . L. i . Development
environments, access version-controlled code through GitLab, and connect to secured & Clinical Data

clinical data repositories through governed access mechanisms. This architecture f 1 1
m " Res |ts&ReportsJ\/
supports efficient development of SDTM, ADaM, Tables, Listings, Figures (TLFs), and Y wm(

exploratory analyses while ensuring consistency across users and projects
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Hybrid Model - SAS-Centric to
Flexible, Reproducible Analytics

Historically, clinical programming environments were heavily SAS-centric.
However, modern clinical development increasingly requires:
* Advanced visualization
* Interactive reporting
* Open-source innovation
* Reproducible research
» Scalable automation
» Collaborative software development practices
Rather than replacing SAS, the hybrid model allows organizations to leverage:
* Open-source innovation
* Advanced graphics
* Rich package ecosystem
* Reproducible analytics

* Interactive outputs




High-Level Architecture of Containerized
Development Environment (CDE)
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USER PORTAL

Single entry point for analytics

Eeanl
v

AUTHENTICATION (SSO/LDAP)

Secure access with enterprise identity
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Container orchestration & management b
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Standards ' ' for clinical programming for data analysis & reporti for exploration & ML & DevOps workflows . Secure
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& Quality ' ACCESS CONTROL LAYER © [ L)
E Authentication * Authorization * Role-based access E
P SECURE CLINICAL DATA REPOSITORY — 5
Validated + Encrypted » Compliant = G
CDISC-aligned * Traceable —
Collaboration WORKFLOW ENGINE Scalable
& Reuse @ PR oot 5 e
(Snakemake, Nextflow, Airflow) X i/
== COMPUTE CLUSTER / CLOUD RESOURCES
- Compute P Container (\ Cloud o Scalable
EEmy Nodes w Runtime oxvent (Private / Public) - Storage
Q End-to-End I @ Reproducible & l o®e¢  Code Reuse & | @ Standardized & | Faster
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Kubernetes Made Simple: The Hotel Analogy

[ |

{ F TECHNOLOGY . HOTEL ANALOGY

Hotel manager receives

@, Kubernetes your booking and decides
where you'll stay.

The manager selects a
hotel building with an
available room.

Node

H = 55
HHEE
HEME

If the building doesn’t have

the standard room setup, it
Docker ® ~

retrieves the room

Registry design/furniture from the
central warehouse (Docker

Registry).

The standard room design
used to prepare every
room. It defines exactly how
the room should look.

The manager assigns you a
Pod hotel room (Pod) where
you'll stay.

You enter the fully
fumished room (the running
application).

Docker
Image

Container
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Workbench Launch Flow
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USER REQUEST AUTHENTICATION OPENSHIFT
(SSO/LDAP) ‘ RECEIVES REQUEST
e = S
You click Secure access OpensShift receives
“Workbench” with enterprise the request and
in the portal identity validates it
K : H
Web Portal
.nll' G u
Single entry point SSO / LDAP Container platform
for analytics Secure access for management
SECURE ACCESS OPTIMIZED RESOURCES
Enterprise grade ‘ ( ’ Right resources for
security better performance
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KUBERNETES
(API)

Kubernetes API
receives the
request

H i
Authentication Red Hat Kubernetes API Kubernetes
Service OpenShift Scheduler

Receives request
from OpenShift

SCALABLE INFRASTRUCTURE

Scale on demand as
needed

=2 Q — O
l .ﬁ ? ’@

SCHEDULER SELECTS|  IMAGE FROM
THE RIGHT NODE REGISTRY
e — %
Scheduler checks Kubernetes pulls
resources and selects the approved
best node for the Docker image
workbench

=

Checks resources Stores approved
(CPU / RAM) & Docker images
selects node

O,

ON-DEMAND WORKBENCHES
Provision in seconds,
use on demand

7

-> - 0 §sas
POD / CONTAINER WORKBENCH
CREATED & STARTED READY J
A 27 28\
Pod is created on RStudio / SAS Studio
the selected node opens in your
and container starts browser

H
Kubernetes Pod

Pod is created on
the selected node

.
Container
Running

& o000 g

Container starts
from the image

ENTERPRISE READY

Compliant, auditable
and reliable



Docker Image: A Preconfigured Software
Environment

A Docker image is a read-only template that contains everything
needed to run an application in a container.

Ubuntu Linux Base operating system providing the core environment.
R44 The R programming language and runtime environment.
RStudio Server Integrated development environment for R.

Python Python runtime and libraries for scripting and automation.
Git Version control system for code management.

Validated R Packages Pre-installed and tested R packages for analytics.

NEECTYE= B

Company Libraries Internal libraries, modules, and business logic.
Configuration Files Environment settings and application configurations.
Startup Scripts Scripts to initialize services and start applications.
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Open-Source Pharmaverse to Enterprise R

Workbench

Pharmaverse Packages —» Company Packages —» Company R Container Image

A. Pharmaverse Ecosystem (Open Source) B. Company Package Layer

Curated Packages ¢ Select Packages Company-Specific Additions
. F Y, oy | —1s B
@ admiral @ pharmaversesdtm @ tern @ rtables Standardize > con E@ —
ion Pi s T
M- Company Internal CDISC  Standards & 0 . gl

R Packages Utilites = Mappings Conventions

¢ Quality Check
* metatools @ ggplot2 @ speccheck * gt hd

* Security Scan Validation & Testing

....and more & Functional Tests © Coding Standards Pull Company
@ Regression Tests © Documentation R Image
Data & Storage
= = — </;
— = = @ Garbalied Liogs
Raw Data SDTM / ADaM Reference Data Define.xml Lookup Tables (ELK/EFK)
Datasets
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C. Company R Container Image

Docker Image Build

& R Runtime
—»

@ Pharmaverse Packages |

(Version Locked)
@ Company R Packages
@ System Libraries
@ Security Hardening
@ Metadata / Labels

Monitoring & Logging

Metrics
(Prometheus)

(\ Dashboards
C} (Grafana)

Store & Version

* Versioned Images

* Access Control

!Q ¢ Vulnerability Scanning

e Audit Trail

‘ Alerts
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0 CODE &
VERSION CONTROL

Config (YAML / JSON)

Macros / Functions

B Snakemake Snakefile

<[> Metadata (Define.xml)

E Documentation

‘c1/cp
@ Lint/ Validate Code
@ Build Containers
@ Run Unit Tests

@ Push Images J

Push
Code

b

Code — Build — Orchestrate — Run — Results

WORKBENCH
(CONTAINER REGISTRY)

." Workbench

Container Images

sit, , SAS
Runtime Image
(base, driver, libs)

a2t R =
Runtime Image Pull
(drivers, packages) | Images

=5 Base / Utilities
(uzma, Python,
curl, etc.)

... other images

DATA & STORAGE

WORKFLOW ORCHESTRATION

(SNAKEMAKE)

s snakemake

Workflow (DAG)

Features

* Dependency Submit
Management Jobs

« Parallel Execution * :

* Resource
Management

 Fail Fast & Resume #

l o Reproducible | Status | |

Logs

Example: rule extract_data

input: “data/raw.csv”
output: “data/processed.parquet”

output: “results/output.rds”

EXECUTION ENVIRONMENT
(KUBERNETES / OPENSHIFT)

Kubernetes O OpenShift

Run as Pods / Containers

S SASPod
| (run.spk programs.sas)

:
SsasJ

R Pod

a Python / Utility Pod
(helper scripts)

K8s Features
e Autoscaling
* Resource Limits (CPU/Memory)

(Rscript program.R) ‘

End-to-End SAS & R Development Workflow

9 OUTPUTS & ARTIFACTS

Tables
a Listings
Figures
g Datasets
Reports
B

{ } Metadata
Stored In

* Object Storage (S3)

* Isolation ¢ Shared File Systems
* Self-healing « Database
L « Scheduling
J

MONITORING & LOGGING

] (o) - A
e = =] < / > Centralized Logs Metrics @ ‘
S’ L = (ELK) (Frometiéii) =
Raw Data SDTM / ADaM Reference Data Define.xml Lookup Tables Dashboards G
. . Datasets (Grafana)
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Role of Python Programming in CDE

U GitLab a SAS Files n R Files . Config Files
SAS program files R script files Configuration files

(SAS, R, Config Files)

ﬁ Python Controller @ Reads Configuration @ Vvalidates Inputs
@ Builds Workflow

L
v
s Snakemake DAG O—0O0— 00— - »0O—0O
X
g v :

S Run SAS Job @ Run R Job

i sas program.sas 2 Rscript analysis.R
C . J ’
¥ .
[ . Collect Outputs % Tables @ Reports @ Figures Datasets
v
j QC / Reports / Logs aly| @c Metrics =| Reports Logs
v
; 5 GitLab Database ; Storage
'. [ X ( GitLab / Database / Storage g Version Control g Metadata & Records @ Artifacts / Files
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Key Takeaways

Hybrid Development Model

L ———

+ Leverages the strengths of both SAS (validated production programming) and R (advanced

analytics and visualization). : WA
Python Integration Layer
Containerized Development Environment (CDE) e [O] wotbench @ P Gitlab o) snakemake P
* Provides consistent, isolated, and reproducible development environments across users. v » = /

Cloud-Native Technologies
» Docker, Kubernetes, OpenShift, GitLab, and Snakemake enable scalable, automated, and
collaborative workflows.
Integrated Development Workflow
» GitLab manages code, Workbench provides standardized development environments, and
Snakemake orchestrates end-to-end execution.
Python as the Integration Layer
+ Connects SAS, R, workflow orchestration, and cloud infrastructure into a seamless automated

pipeline.




KEYWORD ONE-LINE EXPLANATION KEYWORD ONE-LINE EXPLANATION

Cloud
Computing

Cloud-Native

Container

Docker Image

Docker Container

Docker Registry

Kubernetes

OpenShift

Delivery of computing services—such as servers,
storage, databases, networking, software, and
analytics—over the internet (“the cloud”).

Applications designed to run efficiently in cloud
environments using containers, microservices,
and automation.

An isolated, lightweight environment that runs an
application with all its dependencies.

A reusable package containing the application,
libraries, configuration, and runtime needed to
create a container.

A running instance of a Docker image.

A repository where Docker images are stored
and retrieved.

A platform that automatically deploys, manages,
and scales containerized applications.

Red Hat's enterprise platform built on Kubernetes,
providing security, monitoring, and user
management.

oD
oD Node
]
Image Pull

OO |

e
¥
®

S

Gittab

cie

8 Workflow
Orchestration

RStudio / SAS Studio /
Jupyter

Workspace

s (Workbench)

A physical or virtual server where Pods and
containers run.

The smallest deployable unit in Kubernetes
that contains one or more containers.

Downloading a Docker image from a registry
to a node before starting a container.

A version control system for tracking code
changes and collaboration.

A platform for Git repositories, code reviews,
and CI/CD pipelines.

Automated process for building, testing, and
deploying applications.

Automating the execution of tasks in a
predefined sequence (e.g., Snakemake).

Browser-based development environments
launched inside containers.

A personalized development environment
created for each user to perform programming
and analysis.
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