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Disclaimer

The content presented in these slides reflects my professional perspective,
informed by real-world scenarios encountered in previous roles where | served

as a subject matter expert. Please note that all data included is not real and
intended solely for illustrative purposes.
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Reference Standard Lifecycle

Development Phase

GLP-Tox or

early clinical trials

Drug substance manufacturing campaigns deliver material for:

Phase 3 or pivotal trials

Market supplies

Early technical
development
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https://www.bioprocessintl.com/assays/reference-standards-for-therapeutic-proteins-current-regulatory-and-scientific-best-practices

Examples of Reference Standard Life Cycle

Management Post-Commercialization

Manufacturing Process Changes

Formulation
Yield improvements

Purification

Method Changes

Obsolete

Not suitable for intended use

New technology introduction (e.g. PAT, automation,

MAM)

Primary and/or Working Reference

Standard re-supply
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Case Study 1:
“Separating fact from fiction in protein
content—because reference standards

shouldn’t be tall tales!”
Measured Value vs “True Value”
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Problem Statement: Establish the “true value” for
Protein Concentration of a Reference Standard

p::

Manufacturing changes: matrix components and target concentration.

Formulation changes interfered with the sighal outputs of the methods used to determine protein
content for in-process release and stability testing. Methods were updated to suit intended purpose.
No bridging studies were conducted between these different test methods.

Single-tier reference standards qualified using three different test methods qualified to suit formulation
changes throughout clinical development

A post-marketing commitment for one major market required to develop and validate a method that
could determine the “true value” of protein content. The same technical package justifying the method
change intended for RoW.
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Analytical Method Changes: In Process, Release and
Reference Standard Qualification

Purification
Step 1

Purification
Step 2

Reference
Bulk Final Bulk Standard

AMatrix
AConcentration

Purification
Step 3

Purification
Step 4

Qualification

Method 1

Method 3 RS3

Matrix Accuracy & Method Calibration Assay Testing
Interference Precision Principle Standard Control Location

Method 1 Fluorescence Instrument

Method 2 (+) ++ Refraction (-) Instrument Mfg

Method 3 (+) ++ Colorimetric RS RS QC ASN
&5

Method 4 (-) +++ LC RS RS QC
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Strategy for PMC Fulfillment

A3

Upgrade RS > PRS (extensively characterized, tested with historical and

Establish a 2-tier reference standard program proposed method)
Select WRS (representative of current process)

Confirm “True Value” of PRS with orthogonal Amino Acid Analysis

Method 4 - LC (separates formulation components/higher precision and
methods (sep P Gl

accuracy) using a well-characterized independent calibration standard (NIST)

Method bridging: Demonstrate equivalency or superiority of Method 4 to Method 3 (used for release testing and
qualification of RS for commercial process)

PRS/WRS Qualification criterion: Establish tighter acceptance criteria than release specification for qualification,
including confidence intervals for statistically significant number of replicates to certify protein content.

Qualify WRS - use Method 4 & PRS as calibration standard

Process changes: Introduce process control to target concentration range within 10% of the specification target of
the final product.
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Analytical Methods and Process Changes Post- PMC

Reference
Standard

Purification
Step 4

Purification Bulk Final Bulk

Step 3

Purification
Step 2

Purification
Step 1
PRS

Process Control
*10% target
Method 1 sz Method 4
Testing Accuracy & Method Calibration Assay Testing
Precision Principle Standard Control Location

Qualification

Method 4 NIST NIST
Quallflcatlon
WRS +++ LC PRS PRS QC
Qualification
Method 1 Routine ++ Fluorescence (-) Instrument Mfg.
Testing
Method 2 ++ Refraction (-) Instrument Mfg. =
(280
b 3,
Method 4 +++ LC WRS WRS QC
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Case Study 2:

Leveraging Reference Standard Trending:
“Glycan shifts revealed, control systems
refined—science that adapts beyond
launch”

Adopting clinically relevant specifications




Problem Statement: Repeated system suitability failures for
sialylated N-glycan species preventing release of DS and DP lots

* Reference standard used as a comparator for glycan profile and
charge heterogeneity

* System suitability failures registered at upper limit, ultimately
leading to repeated assay failures.

* Glycan profile for sialylated species increased over time with
concomitant decrease in neutral species.
* No changes in relative percentage of mannose-6-phosphate or basic
species
* No new species detected




Background

& N-glycosylation is a post-translational modification
which occurs at the bioreactor step. The modifications are
not expected to change during further steps of

manufacturing or under controlled long-term storage
conditions.

N-glycan assay by CE-LIF was validated to monitor
glycosylation and charge heterogeneity as indicators of
process consistency.

g,i Extended characterization

=+ Orthogonal for potency - an indirect measurement
of potency. A minimum relative percentage of
mannose-6-phosphate is required to maintain

potency for receptor binding and entry to target
cells

* Orthogonal for charge heterogeneity —thoroughly
characterized peak groups with their abundance
directly proportional to charge variants and pl.

RFU

Relative Abundance

LIF

18 19 20 21 22 23 24 25 26 27 28 29 30 3 32

40 42 44 46 48 50 52
Time (min)

Not real data. Forillustration purposes only. Figure sourced from: Rapid Communications in Mass Spectrometry, June 2018; 32(11); DOI:10.1002/rcm.8150
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https://www.researchgate.net/journal/Rapid-Communications-in-Mass-Spectrometry-1097-0231?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoicHVibGljYXRpb24iLCJwcmV2aW91c1BhZ2UiOiJfZGlyZWN0In19
https://doi.org/10.1002/rcm.8150

Justification of system suitability criteria and
specification

System suitability criteria for reference standard were based on historical data sets for N-glycan peak
groups (basic, neutral, acidic) and based on historical trends from representative material.

Release and stability specifications were based on

historical data sets for N-glycan peak groups (basic, Limited data set from manufacturing scale and
neutral, acidic) including clinical data and inclusive of process changes for intended commercial
certain glycan species related to known quality process - typical +/- 3SD approach.

attributes (eg. sialylated, mannosylated).
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Strategy for Justifying Changes in Control System

Process data: Review historical
data for PRS/WRS, DS and DP
(release and stability)

Assess analytical method
performance

Assess clinical relevance of N-
glycosylation state

Determine whether trends in N-glycan
are similar

Determine if other trends in CQAs are
observed

Optimize parameters known to control
variability

Determine whether trends in N-
glycosylation impact bioavailability
(C

max)
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Historical Process Data Review

* Review of historical data for DS and DP
and for stability indicate a similar shift in
N-glycan species over time.

* Limited commercial scale data set
(~ 5 lots)

« Same PRS and WRS lots since licensure.
* No changesin process since licensure.

* No changesin potency or impurity profiles
DS/DP release and stability or for
PRS/WRS periodic re-qualification.

Conclusion: Shift in N-glycosylation is
independent of inherent process variability.

Created in https://www.biorender.com/ Notreal data. Forillustration purposes only.
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Analytical Method Performance Assessments

Preparative digestion with PNGase

Method Principle Fluorescent labeling of released glycans
Separation of labeled glycans by charge and size

. Labeling reaction
Experimental assessment of parameters « Sample preparation

known to impact analytical method * Temperature

performance was executed * Reagent ratios
e Capillary lots

labeling step were able to control variability associated with labeling of sialylated species,

V Conclusion: Subtle changes in incubation temperature, mixing and sample handling at
returning values for the qualified reference standard within expected sialylation limits.
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Assessment of clinical relevance

* Lots administered to subjects in Ph1-Ph2B

Correlation of bioavailability with % sialylation

trials.
3 - . .
* Available results reported for % sialylated
species and potency were assessed
27 against C__, reported for subjects
@« y - —
E : administered these lots.

T a & g * Regardless of sialylation levels

: * No statistically significant differences
Lot 1 Lot 2 Lot 3 Lot4 inC,, ax
% sialylation * No changesin potency

* No reported adverse events

Conclusion: No projected impact to efficacy or potency when % sialylation levels approach
upper-level specification for % sialylation.
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Implemented Post-Approval Changes

Broadening of upper specification limit for % sialylation to represent clinical
relevance and process consistency

Shift in N-glycosylation is independent of inherent process

Process data: Review historical data for variability
ao PRS/WRS, DS and DP (release and No impact to other quality attributes (charge heterogeneity,

potency, impurities)

stability)
Assess ana lytical method performa nce Optimized parameters known to control variability
%‘ 4 ini No projected impact to efficacy or potency when % sialylation
P ASSGSS Cll nlcal releva nce Of N levels approach upper-level specification for % sialylation.
T glycosylation state
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Reference Standard Lifecycle Management:

Why it matters?

Lifecycle management elements

{r Two-Tier Reference Standard Program
Supports consistency and traceability across
development and manufacturing.

& Clinical Relevance Connection
Ensures products maintain consistent therapeutic
outcomes.

sl Trending Programs
Monitors performance over time to detect shifts and
maintain quality.

Fit-for-Purpose Methods
Tailors analytical methods to specific product and
process needs.

4 Optimize and bridge methods

& Robust Characterization
Provides deep understanding of reference materials’
properties.
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Thank You!

Carmilia Jiménez Ramirez, PhD.
President and Chief Consultant

+1.720.442.5925
www.miliarbiopharmasolutions.org
carmilia@miliarbiopharmasolutions.org
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