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Executive Summary:

Lupin Manufacturing Solutions Limited (LMSL), a wholly owned subsidiary of Lupin, has
been a trusted partner in the CDMO space, supporting global pharmaceutical innovators
with high-quality, compliant, and efficient drug substance development. As CDMO
projects increasingly span multiple development stages—from preclinical to commercial
—LMSL identified an opportunity: for developing unified, clear, and practical
framework for meeting phase-appropriate GMP requirements.

To address this, LMSL conceptualized and deployed a Phase-Appropriate GMP
Framework, establishing a risk based, structured, scientific, and regulatory-aligned
model that harmonizes development speed with compliance. This initiative strengthens
LMSL’s capabilities to deliver faster, safer, and more predictable project outcomes for
global innovator customers for multiple therapeutic segments.

Problem Statement:

While working on CDMO projects at various stages of development—whether intended
for clinical or preclinical phases—it is evident that applying a uniform level of GMP
across all development stages can limit agility in drug development. Pharmaceutical
development often face uncertainty in determining the appropriate extent of GMP
controls required for each phase. Excessive controls too early or insufficient controls
later can result in delays, inconsistencies, deviations, and compliance challenges.
This misalignment leads to;

, Prolonged documentation cycles

3 Inefficient cross-functional collaboration

3 Higher deviation rates due to unclear expectations
, Increased regulatory and compliance risks

3 Delay in project deliverables and misalignment with customer expectations
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A tailored GMP approach became essential to balance regulatory compliance with the
flexibility needed for innovation and timely progression of drug developmental phases.
With no single guideline clearly defining phase-appropriate GMP, initiated this effort
to develop a harmonized, practical and clear framework. Through a scientific,
risk-based methodology, consolidated regulatory expectations and available guidance to
create a concept paper that enables CDMO projects to advance with speed, compliance
and clarity during execution.

Design and Approach:
The Phase-Appropriate GMP Framework is built on three foundational pillars:

Phase-Appropriate
GMP Concept Paper

Process Overview
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GMP Application by

Global regulatory guidelines

1. Categorization Based on Development Stage:

GMP requirements increase from preclinical to commercial stages as process
knowledge and product risk grow. Early phases emphasize basic safety and traceability
with minimal controls and flexible parameters supported by risk-based decisions. As
development progresses into Phase lll, process understanding is robust, CQAs are
established, and tighter specifications demand stronger controls and validated
processes. At the commercial stage, full GMP compliance is mandatory, supported by
validated systems, comprehensive documentation, and a mature quality framework
forming the basis for defining all categories accordingly.
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2. Process Overview: Development to Commercialization

All CDMO project lifecycle processes from project award, early development through lab
optimization, pilot execution, process and analytical validation and commercial
manufacturing, were consolidated into a single integrated workflow. This mapping
aligned GMP expectations with the scientific maturity of each phase, ensuring controls
were applied appropriately at every stage. The framework provided clear visibility across
R&D, pilot plant, and GMP manufacturing operations, strengthening cross-functional
accountability and reducing inefficiencies arising from unclear roles or process overlaps.

3. cGMP Application by Phase :
Various regulatory guidelines providing clarifications on GMP requirements w.r.t

preclinical and clinical phase were collated as mentioned below and the respective
phase wise requirements were established.

Regulatory Guidance Title

Good Manufacturing Practice Guide for Active

ICH Q7 Pharmaceutical Ingredients (Section 19)
ICH Q8 Pharmaceutical Development

ICH Q9 Quality Risk Management

ICH Q10 Pharmaceutical Quality System

Guide to Good Manufacturing Practice for
Medicinal Products — Part Il (Basic
Requirements for Active Pharmaceutical
Ingredients)

PE 009-17 (Part Il)

Current Good Manufacturing Practice for Phase

FDA Docket No.: FDA-2005-D-0157 Investigational Drugs — Guidance for Industry

WHO Technical Report Series WHO Good Manufacturing Practices for
(TRS) No. 1044, Annex 7 (2022) Investigational Products” (Annex 7)

APIC “How to do” Document — Interpretation of ICH Q7 (Version 15)

Detailed Commission guidelines on good manufacturing practice for investigational
medicinal products for human use, pursuant to the second subparagraph of Article
63(1) of Regulation (EU) No 536/2014.
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Once these are summarized, a consolidated matrix was designed on Phase appropriate
GMP, defining requirements at each stage aligned to the above framework.

Phase-Specific GMP Application Matrix:

A comprehensive matrix, derived from global guidelines (ICH, FDA, EU, WHO),
consolidates expectations into a single practical reference—something no single
guideline currently provides.

This matrix defines documentation, controls, risk activities, and permissible
flexibilities at each phase. Refer to the below:

Lab optimization & Process Parameter Study NA NA NA v v NA NANA v v NA v
Lab Validation batches® NA NA NA NA NA NA NA NA @ s NA NA NA v@
Analytical Method Validation NA NA NA NA + NA NA NA v@ s NA NA /@ y@
Force degradation Study NA NA NA NA NA NA NA NA NA NA NA NA /@ /@
Analytical Method Transfer MA NA NA NA NA NA NA NA NA NA NA NA /@ y@ v
Master BMR N N N AN NN v
Spec & STPs AR IV VA VA VR B RV VR VA VL VA RV IV OV IV
KSM Vendor Qualification* DA DA DA v « DA DA DA v DA DA DA v
Process Validation NA NA NA NA NA NA NA NA /@ ¢ NA NA NA v@ v
Cleaning Validation/Cleaning Verification VIV Y
Product Cleaning Analytical Method Validation VO VA Y A
Genotoxic & Nitrosamine impurities assessment NA V& (W8 /8 v INA (VS WS S INA (VS S sy
R R iAo R M A A A A A A P
Method Validation (i case of unikelylpossibie presence) | (¥ ¢ Y Y Y ¥ Y 4440 4L
Retention/Control Samples Y I A I A R B I BV Y Y Y A O I A T A
APQR/ Campaign Report ** S VA A I A A Y A VA B A BV A BV Y A
QMS (CC, Deviation, O0OS, Complaint etc.) Ve /e |y v (v Ve ye v |/ |v ve e v |v |/
Stability/Hold time studies ve ye ye ye |y ve ye ye ve vy ve ve ve v v

Reference standards and known impurity standards
qualification including characterization and structural v v v v v v v Vv v v 4 & & V¥

elucidations
Carryover studies NA V@ /@ /@ |/ NA (vE vB yB |y INA v vB se | v
Elemental impurities assessment NA NA NA NA v NA NA NA NA v NA NA NA V8

NA = Not Applicable, DA = Desktop Audit, v = Applicability.

#Lab familiarization/execution batches shall be considered incase Lab validation is not in the scope of project.

@In accordance with customer-specific requirements and on a need basis.

*Material supplied by customer can be accepted based on original manufacturer COA/ CoA of customer analysis; additionally
customer is responsible for vendor qualification.

$Theoretical assessment is required for Phase-1 to Phase-3.

**APQR is applicable for filed KSM, Intermediates, and APIs while for other, campaign reports shall be prepared.

Disclaimer: This matrix has been developed based on internal experience/use case and reference to
various guidance documents. Any unauthorized use, sharing or distribution is strictly prohibited.
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Differentiation & Future-Readiness:

The framework shifts GMP decision-making from subjective, person-dependent
judgement to a consistent, system-driven model, ensuring clarity across all development
stages. It enables faster, more flexible early-phase execution without compromising
patient or product safety, while resolving operational inefficiencies such as prolonged
documentation cycles, delays, and ambiguity that were leading to overall delay of
project executions.

By clearly defining phase-appropriate expectations, it strengthened cross-functional
collaboration, reduced regulatory and compliance risks, and ensured predictable project
delivery aligned with customer needs.

Fully harmonized with global regulatory principles, the approach provides a future-ready
blueprint for seamless scale-up, technology transfer, and commercialization of
manufacturing processes. Its scalability across diverse molecules, customer programs,
and emerging technologies ensures long-term organizational adaptability and sustained
value creation.

Impact, Measurable Outcomes:

Implementation of this framework has delivered significant improvements.

2 Enhanced agility in drug development

e Accelerated the development and delivery of NCEs, enabling innovators
to bring new drugs to patients faster.

3P Operational & Compliance Benefits

e Reduced documentation cycle times through phase-wise standardization.
e Minimized project delays by providing clear, stage-specific expectations.
e Strengthened audit readiness across all development phases.

2 Execution Efficiency (utilizing matrix)

e Improved cross-functional collaboration and accountability.
e Faster decision-making, and fewer alignment gaps.
e Accelerated project timelines, resulting in improved customer satisfaction.

3 AQuality & Risk Management

e Enhanced product integrity and operational efficiency.
e Improved resource efficiency by eliminating excessive early-phase controls.
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Lupin Manufacturing Solutions Limited (LMS), a wholly-owned subsidiary of Lupin Limited,
is a leading manufacturer of active pharmaceutical ingredients (APIs) and a global contract
development and manufacturing organization (CDMO) offering standalone & integrated
solutions across drug substance, complex chemistry, drug product, and advanced
modalities including ADCs and peptides. Leveraging Lupin’s legacy of scientific rigor and
regulatory expertise, LMS supports biopharma innovators from early development to
commercial scale. With state-of-the-art facilities, a client-first approach, and a team of
250+ scientists, LMS accelerates the path to market for transformative therapies.

LMS is where science meet speed, and innovation meet execution.

Headquarters

2nd Floor, Block 12, 13, 14, Art Guild House Wing B, Phoenix Mall,
LBS Marg, Kurla West, Mumbai - 400 070

Contact Us | O | +91 022 6640 8200 Follow us on (in)

For More Details | & | visit https:www.Imscdmo.com

For Enquiries | = | Imsinfo@Iupin.com

© 2026 Lupin Manufacturing Solutions, All Rights Reserved.
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