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Why am | here presenting to you today?

| have 36 years plus of endotoxin testing experience working at
Charles River

I've collaborated with and lead training course for members of USP,
Ph. Eur., IP, and other regulatory bodies

I've contributed to regulatory guidelines, technical sheets and
whitepapers.

Directed workshops and training courses and presented
internationally on BET topics for over 25 years
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USP <86>: BACTERIAL
ENDOTOXINS TEST
USING RECOMBINANT
REAGENTS




USP <86> Overview

Important Chapter <86> Insights:

« Details methods for bacterial endotoxin testing using non-
animal-derived options like recombinant cascade reagent (rCR)

« Expands testing techniques beyond what Chapter <85> covers
for bacterial endotoxins

» Outlines guidance for manufacturers looking to add these
methods to their quality testing procedures

» Does not replace or alter the option to use Limulus Amebocyte
Lysate (LAL) for endotoxin testing; Chapter <86> serves as an
addition to Chapter <85>

References:

e https://www.uspnf.com/notices/86-alternative-faq

e https://www.usp.org/sites/default/files/usp/document/press-
releases/gss sa 004 f chapter86 2023-08 final3.pdf
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USP (86). BACTERIAL ENDOTOXINS TEST USING RECOMBINANT REAGENTS
To be Official on 01-May-2025

« The Bacterial Endotoxins Test (BET) described in this chapter contains additional techniques using nonanimal-derived reagents to the
Bacterial Endotoxins Test (85).

« This chapter is currently not an “applicable” chapter as described in General Notices, 3.10 Applicability of Standards.
* 3.10. Applicability of Standards

e Standards for an article recognized in the compendia (USP—NF) are expressed in the article's monograph, applicable general
chapters, and General Notices. The identity, strength, quality, and purity of an article are determined by the official tests,
procedures, and acceptance criteria, and other requirements incorporated in the monograph, in applicable general chapters, or in
the General Notices.

» Unless specified in an individual monograph, the tests in this chapter are considered alternative tests and must meet the requirements
in General Notices, 6.30 Alternative and Harmonized Methods and Procedures.

* 6.30. Alternative and Harmonized Methods and Procedures

* An alternative method or procedure is defined as any method or procedure other than the compendial method or procedure for the
article in question. The alternative method or procedure must be fully validated (see Validation of Compendial Procedures (1225))
and must produce comparable results to the compendial method or procedure within allowable limits established on a case-by-case
basis.
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BET and Recombinant Compendiality in USP

What makes a method “fully” compendial

EXAMPLE - Bacterial Endotoxin Testing

The chapter is described in each
SPECIFIC MONOGRAPH as a defined
A SPECIFIC CHAPTER describing the method
method <1> Injections

Water for Injection
USP <85> - Bacterial Endotoxin Testing <1141> Biologics
<1147> Gene therapy

Water for Injection

[MoTe—For microbiological guidance, see general information chapter Water for Pharmaceutical Purposes (12313.]
H,0 18.02

DEFINITION
‘Water for Injection is water purified by distillation or a purification process that is equivalent or superior to distillation in the remaoval of

chemicals and microorganisms. It is prepared from water complying with the U.S. Environmental Protection Agency Mational Primary
Drinking Water Regulations or with the drinking water regulations of the European Union or of Japan or with the World Health
Organization's Guidelines for Drinking Water Quality. It contains no added substance.

[Nore—Water for Injection, whether it is available in bulk or packaged forms, is intended for use in the preparation of parenteral
solutions. Where used for the preparation of parenteral solutions subject to final sterilization, use suitable means to minimize microbial
growth, or first render the Water for Injection sterile and, thereafter, protect it from microbial comamination. For parenteral solutions that

MOV| ng away from the methOd descrl bed in the are prepared under aseptic conditions and are not sterilized by appropriate filtration or in the final container, first render the Water for

: ] Injection sterile and, thereafter, protect it from microbial contamination. In addition to the Specific Tests, Water for Injection that is
monog raph means that thIS new methOd Wi ” be packaged for commercial uze elsewhere meets the additional reguirements for Packaging and Storage and Labeling as indicated under
considered alternative Additional Requirements ]

SPECIFIC TESTS
[MoTe—Required for bulk and packaged forms of Water for Infection ]
+ Bacveria Enpotoxins Test (85): Less than 0.25 USP Endotoxin Unit/mL

+ Warer Conpuetivimy, Sk Waree (6453 Meets the requirements

» ToraL Orcanc Canpon (643): Meets the reguirements
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BET and Recombinant Compendiality in USP

What makes a method “fully” compendial

EXAMPLE — Recombinant Bacterial Endotoxin Testing — NOVEMBER 2024 / MAY 2025

A SPECIFIC CHAPTER describing the
method

USP <86> - Recombinant Bacterial
Endotoxin Testing

Any specific monograph that mentions
<85> must be updated to include chapter
<86> to make recombinants fully
compendial for that specific monograph

COPYRIGHT®© CHARLES RIVER LABORATORIES 2025
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Water for Injection

[More—For microbiological guidance, see general information chapter Water for Pharmaceutical Purposes (12311]
H,0 18.02

DEFINITION
Water for Injection is water purified by distillation or a purification process that is equivalent or superior to distillation in the removal of

chemicals and microorganisms. It is prépared from water complying with the LS. Environmental Protection Agency National Primary

Drinking Water Regulations or with the drinking water regulz ion: ~f the Eurapean Unicn or of Japan or with the World Health

Organization's Guidelines for Drinking Water Quality. It contains nies ¥, &0l substance.
[MoTe—Water for Injection, whether it is available in bulk or packaged fornmé =/ atended for use in the preparation of parenteral
solutions. Where used for the preparation of parenteral solutions subject to fing serilization, use suitable means to minimize microbial
growth, or first render the Water for Injection sterile and, thereafter, pretect it from microbial contamination. For parenteral solutions that
are prepared under aseptic conditions and are not sterilized by appropriate filtration or in the final cemainer, first render the Water for
Injection sterile and, thereafter, protect it from microbial contamination. In addition to the Specific Tests, Water for Injection that is
packaged for commercial use elsewhere meets the additional requirements for Packaging and Storage and Labeling as indicated under
Additional Requirements.]

SPECIFIC TESTS
[More—Required for bulk and packaged forms of Water for injection.]

Bacreria Enoorowms Test 4857 or Recombinant Bacrenal Ensoroans Test 4867 : Less than 0.25 USP Endotaxin Un t."mLI

» ToraL Oreamc Carson (6431 Meets the reguirements
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USP (86). BACTERIAL ENDOTOXINS TEST USING RECOMBINANT REAGENTS
To be Official on 01-May-2025

« Itis the responsibility of the user to review the supplier's primary validation package and to verify that the recombinant reagent-based
method is appropriate for use in testing specific products or materials.

« This verification must include performing specific experiments to confirm that the method is suitable for its intended purpose under the
conditions of use for the material, drug substance, and/or drug product.

« The user should refer to Verification of Compendial Procedures (1226) and the Verification—Test for Interfering Factors.

* Regulatory authorities may require supplemental data prior to acceptance, and users are encouraged to consult the relevant
regulatory authority.
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USP (86): BACTERIAL ENDOTOXINS TEST
USING RECOMBINANT REAGENTS

Recombinant Reagents

« This test uses a reagent containing the recombinant
Factor C (rFC) protein or a recombinant cascade
reagent (rCR) containing recombinant Factor C,
recombinant Factor B, and recombinant proclotting
enzyme.

« There are two detection techniques that can be
employed in this test:

« the endpoint fluorescence technique, based on
the development of fluorescence after activation
of a synthetic peptide-fluorophore complex;

« or the chromogenic technique, based on the
development of color after cleavage of a
synthetic peptide-chromophore complex.
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USP (86): BACTERIAL ENDOTOXINS TEST USING RECOMBINANT REAGENTS

QUANTITATIVE TECHNIQUES - Fluorometric Technique

« This technique is used to measure the fluorescence [relative fluorescence units (RFU)] emitted by a fluorescent substrate (reagent)
after cleavage by endotoxin-activated Factor C. It is used as an endpoint fluorescence test.

* Instrument sensitivity must be adjusted in accordance with the recommendations of the test kit manufacturer to ensure the placement
of the standard curve within the dynamic range of the instrument.

QUANTITATIVE TECHNIQUES - Chromogenic Technique

* This technique is a kinetic assay to measure the chromophore released from a suitable chromogenic peptide by the reaction of
endotoxins with reagent.

* The kinetic-chromogenic assay is a method to measure either the time (onset time) needed to reach a predetermined absorbance of
the reaction mixture or the rate of color development.
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Understanding Recombinant Reagents for Bacterial Endotoxin
Testing for USP <86>

Recombinant reagents, are lab engineered alternatives to the traditional Limulus Amebocyte Lysate used in endotoxin testing. Unlike
LAL, recombinant reagents are produced through synthetic biology, leveraging recombinant DNA technology to replicate the natural
endotoxin response pathways. This synthetic process eliminates the need for animal-derived materials, supporting sustainability

initiatives and ensuring reliable, consistent reagent performance.

Types of Recombinant Reagents:

Recombinant Cascade Reagent Recombinant Factor C Reagent

Lipopoly: ide
Lipopolysaccharide (Endotoxin)

Recombinant Factor C Activated Recombinant Factor C
(rFC) l
/ \ Recombinant Factor C (rFC) Activated Recombinant Factor C

Recombinant Factor 8 Activated Recombinant Factor B

!

Fluorogenic Substrate Product Fluorescence

Pro-clotting Enzyme (rfPCE) Activated R Clotting Enzy

Chromogenic PNA + Color Change (Yellow)
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Evaluating Recombinant Options

Key Considerations for Selecting a Recombinant Reagent Solution:

Ease of Implementation: A solution should integrate smoothly
into lab workflows to minimize disruptions during the transition.

« Ease of Use: A user-friendly setup simplifies testing, from
sample preparation to interpreting results, allowing teams to
focus on other critical tasks.

« Sensitivity and flexibility: Endotoxin testing requires various
sensitivities for diverse sample types.

» Vendor support: Selecting a provider with comprehensive
support, including training, troubleshooting, and ongoing
guidance, is essential for maintaining effective operations.
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Global Regulatory Agencies Not Aligned

Lab and compliance Impact

LAL
- Compendial not harmonised - Compendial not harmonised
Compendial harmonised (USP 2025) P(rzg'oigr}é\é\/:;l C?S;g'?]/ag :\]/I e?: gd
(Ph. Eur. /USP / JP I IP) - Alternative Ph. Eur. G in 2.6.14. 2026) / USP 2025)
/ChP/IP/BP/KP/IP - Alternative ChP/JP/BP/KP/IP

Endotoxin Testing

LAL rFC rCR
Ph. Eur. Accepted Accepted* In Discussion
Compliance WHO Accepted Proposed* Proposed*
USP Accepted Accepted*t Accepted*t
Japan Accepted Alternative Alternative
India Accepted Proposed* Proposed*
China Accepted Alternative Alternative
S. Korea Accepted Alternative Alternative
Brazil Accepted Proposed* Alternative

*Propose inclusion of rFC as Method G in BET Chapter 2.6.14.

tChapter <86> text published November 2024 for early adoption and becomes official 15t May 2025 —_—
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Validating rCR
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Vials & Cartidges
WFI & Products




Validating rCR Endotoxin Testing

USP Chapter <86> Guidance on Validation and Compliance

We surveyed our QC pharmaceutical customers to
discover exactly what they were being challenged by in
their endotoxin method validation process, and they
responded:

» Regulatory concerns: A lack of harmonized
guidelines often causes delays in approval and
implementation.

endosafe’ trillium’

-« Resource demands: Manual, labour-intensive Recombinant Cascade Reagent

processes drain time and personnel, leading to high

)
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» Sustainability pressures: Growing environmental _ e 7
expectations add complexity, impacting efficiency o s iy S
and safety. ’{
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Validating rCR Endotoxin Testing

USP Chapter <86> Guidance on Validation and Compliance

Laboratories face delays and frustration when adopting new testing
methods. To streamline validation, a simple three-step process for
alternate method validation can help:

* Product specific interference screening: Manufacturers must
perform tests to detect any interference unique to their
products, ensuring the recombinant reagent functions
effectively.

« Recombinant primary validation: Vendor documentation
includes protocols, results, and statistical analysis,
demonstrating recombinant accuracy and reliability.

* Product specificity: Laboratories validate that the recombinant
reagent accurately detects endotoxins across various matrices,
confirming the method’s suitability.
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Performance Parameters to
Validate a Recombinant
BET Method

Alternative Method Validation




Trilllum Validation — Disclaimer

These validation approaches are designed by Charles River using ICHQZ2 document as a guideline.

It is strongly recommended that the customer performs a risk analysis to determine that the approaches described below are
fulfilling potential customer extra requirements described in internal policies and that the validation approach suggested by
Charles River is appropriate for the regulatory status of the sample.

Charles River cannot guarantee 100% approval of validation submissions by regulators. Some regulators may ask for
complementary testing before approval.

~><
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Performance parameters to
validate for a BET method

ICH Q2 (R2) — Validation of analytical procedures: Text and
methodology

Table 1: Typical performance characteristics and related validation tests for measured
product attributes

Analytical procedure performance characteristics to be demonstrated for an

. . L Type of measured | IDENTITY IvpPURITY (PURITY) ASSAY
Impurity (Product Attribute - Quantitative) product attribute Other quantitative content/potency
measurements (1)
. Other quantitative
1 S peCi fici ty f;nal}Ecal Quantitative Limit measurements (1)
. rocedure
. - . . Performance
demonstrated (2)
a. Ran ge Specificity (3)
. ) Specificity Test +
b. Li neal’lty Working Range
T _ . - Suitability of <
3. Quantitation Limit and/or Detection limit Calibration model
Lower Range Limit QL (DL)
4. Accu racy verification
5. Precision Accuracy (4)
. ] Accuracy Test
a. Repeatability (intra-assay) Precision (4)
. .. . Repeatability Test
b. Intermediate precision (within-lab; days, analysts,...) Intermediate
Precision Test

+ Equivalency? + Robustness

charles river
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Performance parameters to validate for a BET method

Compendial vs. alternative method has impact to performance parameters to validate

Performance Parameters

. Intermediate Specificity or . - Limit of

Compedial
methods Perfor
- Intermediate Specificity or - : Limit of

Alternative o o
methods ofe
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rCR Validation
Approach 1




Performance Parameters assessed by Charles River

Available in Trillium Primary Validation Package

Accuracy should be established across the reportable range of an analytical
ACCURACY procedure and is typically demonstrated through comparison of the
measured results with an expected value.

Repeatability expresses the precision under the same operating conditions
over a short interval of time. Repeatability is also termed intra-assay
precision.

PRECISION
REPEATABILITY

Intermediate precision expresses within-laboratories variations. Factors to be
considered should include potential sources of variability, for example,
different days, different analysts and different equipment.

9
a
S
@
€
S
o
T
)
o

Robustness of an analytical procedure is a measure of its capacity to remain
unaffected by small but deliberate procedural variations with a given assay.

ROBUSTNESS

Equivalence was assessed by an external statistician using statistical
EQUIVALENCY analysis of the accuracy and precision of Trillium when compared to
Endochrome-K.

Charles River Trillium Primary validation package performed using LRW?! or WBET! tested

COPYRIGHT® CHARLES RIVER LABORATORIES 2025 Char|eS river




Performance Parameters assessed by the End-User

Parameters to be assessed on per product basis

RANGE

@& LIMIT OF
DETECTION
. LINEARITY

a SPECIFICITY

The range of an analytical procedure is the interval between the lowest and the
highest reportable results in which the analytical procedure has a suitable level of
precision, accuracy and response.

The limit of detection (LOD) is the lowest concentration of endotoxin in a sample
that can be detected, but not necessarily quantitated.

Linearity is the ability of the method to elicit results that are directly, or by a well-
defined mathematical transformation, proportional to the concentration of endotoxin
in samples within a given range.

Specificity is the ability to assess unequivocally the analyte in the presence of
components that may be expected to be present, such as impurities, degradation
products, and matrix components.

COPYRIGHT®© CHARLES RIVER LABORATORIES 2025
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Product Interference Screening — Plate Reader Example

How to find the Working Dilution

Day1

Plate 1 EXAMPLE
1 2 3 4 5 6 7 8 10 1 12
A [SCSEU/mL SC SEU/mL SMP11:1 SMP1 1:1 SMP1+5PK 1:1 SMP1+SPK 1:1
B |SCO.5EU/mL  |SCO.5EU/mL SMP1 1:10 SMP1 1:10 SMP1+SPK 1:10  |SMPI1+4SPK 1:10
C  |SC0.05EU/mL  |SC0.05EU/mL SMP1 1:20 SMP1 1:20 SMP1+SPK 1:20  |SMP1+SPK 1:20 .
D SMP1 1:50 SMP1 1:50 B -src 150 SMP1+SPK 1:50 2
E SMP1 1:100 SMP1 1:100 SMP1+SPK 1:100  |SMP1+4SPK 1:100 E
F  |Negctrl Neg Ctrl SMP11:252 SMP1 1:252 SMP1+SPK 1:252  |SMP1+SPK 1:252 &
G
H
Result Report
Group Name Reaction times V% CV=10% Endotoxin Value |Spike Recovery %
SMP1 1:1 >2730 >2730 0 valid <0,05EU/mL|
SMP1+5PK  [1:1 2005 1984 0,54 Valid 0,1327EU/mL| 17%
SMP1 1:10 >2730 >2730) 0 Vvalid <0,05EU/mL] E X A M P L E S
SMP1+5PK  [1:10 1921 1815 2,83 valid 0,1678EU/mL| 24% . . :
E— e e : - Interference screening dilutions and selected
SMP1+5PK  [1:20 1908 1791 3,14 Valid 0,1738EU/mL| 25%
SMP1 <0,05EU/mL k d H I t
SMP1+5PK 0.3407F11/ml Wor I ng I u Ion
SMP1 1:100 >2730 2730 0 Valid <0,05EU/mL|
SMP1+SPK  [1:100 1370 1337 1,21 valid 0,5314EU/mL| 96
SMP1 1:252 >2730 >2730 0 Valid <0,05EU/mL]
SMP1+5PK  [1:252 1315 1320 1,34 Valid 0,5554EU/mL| 111%

Product interference is considered to be overcome when spike recovery (SR) falls within the acceptable range (50 - 200%).
In this example the 1:100 dilution is chosen due to its SR being closest to 100%, while still providing a reasonable safety
margin. Although 1:50 also gave a valid result, it was not chosen due to its lower SR.

COPYRIGHT®© CHARLES RIVER LABORATORIES 2025
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Product Interference Screening — Cartridge Example

How to find the Working Dilution

Spike recovery %

Dilution 1:1 1:10 1:20 1:50 1:100 1:252

SR 7% 22% 39% 68% 96% 111%

In this example you need 6 cartridges to perform the screening

SAMPLE RESULTS:

Serial Number/Bay: MCS 17440033/1 | Start/End Temp (°C):  37.0:37.0
Sample Name: LRW
Sample ID:  N/A | Sample Lot: 1121002 Dil./Conc.: 1:1 mL/mL

Product interference is considered to be overcome when

Sample Comments: N/A

spike recovery (SR) falls within the acceptable range (50 - | | o mmmm

O - . . . . Calibration Code: 133848945145478 Archived Spike Concentration: 0.148 EU/mL
200 /0) . I n thls example the 1- 100 dllutlon IS Chosen due to Range: 338-851 seconds Y-Intercept: +2.529 Slope: -0.120
Endotoxin Value: <0.0100 EU/mL Sample CV Limit: <25% Status:

its SR being closest to 100%, while still providing a

Spike Recovery Range:

reasonable safety margin. Although 1:50 also gave a valid | [ ™

Cartridge Type: rCR Cartridge Performed With: N/A

result, it was not chosen due to its lower SR.
Spik
Channel R?;::':“ cV% Sample Value Channel R‘?l.a‘“m'::" V% 3:::: Rel%::ry
1 >851 2 448 0.142
3 851 0.0% <0.0100 EU/mL n 254 0.9% EU/mL 96%

~><
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Product specificity (Method Suitability)

CR recommended Parameters to be assessed on per product basis - Plate template example

Plate 1 EXAMPLE
1 2 A [~ 7 3 1N 11 12
A SC 5EU/mL SC 5EU/mL SMP1 SMP1 SMP2 SMP2 SMP3 SMP3
B SC 0.5EU/mL SC 0.5EU/mL SMP 1.1 1EU/mL  [SMP 1.1 1EU/mL SMP 2.1 1EU/mL  [SMP 2.1 1EU/mL SMP 3.1 1EU/mL  [SMP 3.1 1EU/mL
C SC 0.05EU/mL SC 0.05EU/mL
D SMP1 SMP1 SMP2 SMP2 SMP3 SMP3
E SMP 1.2 0.5EU/mL [SMP 1.2 0.5EU/mL SMP 2.2 0.5EU/mL [SMP 2.2 0.5EU/mL SMP 3.2 0.5EU/mL [SMP 3.2 0.5EU/mL
F Neg Ctrl Neg Ctrl
G SMP1 SMP1 SMP2 SMP2 SMP3 SMP3
H SMP 1.3 0.25EU/mL|{SMP 1.3 0.25EU/mL SMP 2.3 0.25EU/mL|{SMP 2.3 0.25EU/mL SMP 3.3 0.25EU/mL|{SMP 3.3 0.25EU/mL|

A 4

A4
Range & Linearity Limit of Detection

Performed by the end-user or Outsource Service Offered by Charles River

\4

Specificity

COPYRIGHT®© CHARLES RIVER LABORATORIES 2025
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Product specificity (Method Suitability)

CR recommended Parameters to be assessed on per product basis — Cartridge example

~ >

Sample batch 3

charles river

Endosafe® - Trillium™ Cartridaes

Ran e Linearity
J (T RUOCRA AR
2450413304

Reorder Code: __ RCRC3001 _ Cartridge Lot #: Expiration Date: Jan 2025

LR T
116338736365469

Calibration Code: RSE Lot #: HOK354
y

\ 4

Archived Standard Curve Range: ___1-0.01 _EU/mLYl || Standard Curve Linearity: -0.998

Standard Curve Mean Reaction Times: 1.0 EU/mL 183 __seconds

01 EU/mL 387 __seconds

001 EU/mL 763  seconds

Archived Spike Concentration: 0.148 EU/mL  Negative Control: PASS

This lot of rCRC Cartridges has been tested and meets Quality Control testing requirements
for an archived curve, negative controls, and positive product control results.

Store cartridges at 2-25°C. Allow the unopened foil pouch to reach room temperature (20-25°C) for
a minimum of 8 hours prior to opening. Refer to Package Insert. Cartridges should be used
immediately once the foil pouch seal has been opened. Cartridges are for single-test use only.

CAUTION: DO NOT FREEZE THE CARTRIDGES

Qualified Analyst M@' Date 05 San zoz4
Reviewed By ﬂ) (44 Date 0§ Jun W

Charles River Laboratories, Inc.
1023 Wappoo Road

Sample
diluted at
working
dilution and
spiked at
0.2 EU/mL

Sample
diluted at
working
dilution and
spiked at
0.2 EU/mL

" Sample

\ diluted at
working

dilution and
spiked at

= 0.2 EU/mL

Sample
diluted at
working
dilution and
spiked at

Sample
diluted at
working
dilution and
spiked at

Sample
diluted at
working
dilution and
spiked at

Charleston, SC 29407 USA
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diluted at
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Summary —Approach 1

ICH Q2 (R2) — Validation of analytical procedures: Text and methodology

Analytical procedure performance characteristics to be demonstrated for an Impurity (Product Attribute - Quantitative)

Performance parameter _ Performed by

Accuracy
Precision — Repeatability Available in Charles River o
Precision — Intermediate Trillium Primary Validation CharleS river
precision Package
Robustness
Equivalency
Specificity Parameters to be assessed
for waters (e.g. WFI, PW,...)
Range
Linearity Product Specificity (Method END-USER

Suitability)
Detection Limit

~><_~
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rCR Validation
Approach 2

In Addition to Approach 1




Performance Parameters assessed by Charles River

Available in Trillium validation package

ACCURACY

PRECISION
REPEATABILITY LRW or WBET used.

For final product validation, A&P from the primary validation package
may not be appropriate as the product matrix will be different from the

INTERMEDIATE
PRECISION

ROBUSTNESS Robustness of an analyt|ch procedure is a measure of its capacity to remain
unaffected by small but deliberate procedural variations with a given assay.
Equivalence was assessed by an external statistician using statistical

EQUIVALENCY analysis of the accuracy and precision of Trillium when compared to
Endochrome-K.

o
o
°
@
S
o
o
=
J)
o

Charles River Trillium Primary validation package performed using LRW?! or WBET! tested
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Product specific validation — Accuracy/Precision

rCR product-specific method validation — Trillium Vials (Microplate reader)

Plate 1
1 2 4 5 7 8 10 11 12
A SC 5EU/mL SC 5EU/mL SMP1 SMP1 SMP1 SMP1 SMP1 SMP1
B SC 0.5EU/mL SC 0.5EU/mL SMP 1.1 1EU/mL  |SMP 1.1 1EU/mL SMP 1.1 1EU/mL  |SMP 1.1 1EU/mL SMP 1.1 1EU/mL  [SMP 1.1 1EU/mL
C SC 0.05EU/mL SC 0.05EU/mL ‘;‘
D SMP1 SMP1 SMP1 SMP1 SMP1 SMP1 :g
E SMP 1.2 0.5EU/mL |SMP 1.2 0.5EU/mL SMP 1.2 0.5EU/mL |SMP 1.2 0.5EU/mL SMP 1.2 0.5EU/mL |SMP 1.2 0.5EU/mL :;:J Day1
F Neg Ctrl Neg Ctrl 2
G SMP1 SMP1 SMP1 SMP1 SMP1 SMP1
H SMP 1.3 0.25EU/mL|SMP 1.3 0.25EU/mL SMP 1.3 0.25EU/mL|SMP 1.3 0.25EU/mL SMP 1.3 0.25EU/mL|SMP 1.3 0.25EU/mL|
Plate 2
1 2 4 5 7 8 10 11 12
A SC 5EU/mL SC 5EU/mL SMP1 SMP1 SMP1 SMP1 SMP1 SMP1
B SC 0.5EU/mL SC 0.5EU/mL SMP 1.1 1EU/mL  |SMP 1.1 1EU/mL SMP 1.1 1EU/mL  |SMP 1.1 1EU/mL SMP 1.1 1EU/mL  [SMP 1.1 1EU/mL ~
C SC 0.05EU/mL SC 0.05EU/mL =
D SMP1 SMP1 SMP1 SMP1 SMP1 SMP1 E Day 1
E SMP 1.2 0.5EU/mL |SMP 1.2 0.5EU/mL SMP 1.2 0.5EU/mL |SMP 1.2 0.5EU/mL SMP 1.2 0.5EU/mL |SMP 1.2 0.5EU/mL §
F Neg Ctrl Neg Ctrl =
G SMP1 SMP1 SMP1 SMP1 SMP1 SMP1
H SMP 1.3 0.25EU/mL|SMP 1.3 0.25EU/mL SMP 1.3 0.25EU/mL|SMP 1.3 0.25EU/mL SMP 1.3 0.25EU/mL|SMP 1.3 0.25EU/mL|
Plate 3
1 2 4 5 7 8 10 11 12
A SC 5EU/mL SC 5EU/mL SMP1 SMP1 SMP1 SMP1 SMP1 SMP1
B SC 0.5EU/mL SC 0.5EU/mL SMP 1.1 1EU/mL  |SMP 1.1 1EU/mL SMP 1.1 1EU/mL  |SMP 1.1 1EU/mL SMP 1.1 1EU/mL  [SMP 1.1 1EU/mL
C SC 0.05EU/mL SC 0.05EU/mL ‘;‘
D SMP1 SMP1 SMP1 SMP1 SMP1 SMP1 :S 2
E SMP 1.2 0.5EU/mL |SMP 1.2 0.5EU/mL SMP 1.2 0.5EU/mL |SMP 1.2 0.5EU/mL SMP 1.2 0.5EU/mL |SMP 1.2 0.5EU/mL -FCJ Day
F Neg Ctrl Neg Ctrl 2
G SMP1 SMP1 SMP1 SMP1 SMP1 SMP1
H SMP 1.3 0.25EU/mL|SMP 1.3 0.25EU/mL SMP 1.3 0.25EU/mL|SMP 1.3 0.25EU/mL SMP 1.3 0.25EU/mL|SMP 1.3 0.25EU/mL|
Plate 4
1 2 4 5 7 8 10 11 12
A SC 5EU/mL SC 5EU/mL SMP1 SMP1 SMP1 SMP1 SMP1 SMP1
B SC 0.5EU/mL SC 0.5EU/mL SMP 1.1 1EU/mL  |SMP 1.1 1EU/mL SMP 1.1 1EU/mL  |SMP 1.1 1EU/mL SMP 1.1 1EU/mL  [SMP 1.1 1EU/mL ~
C SC 0.05EU/mL SC 0.05EU/mL =
D SMP1 SMP1 SMP1 SMP1 SMP1 SMP1 E Day 2
E SMP 1.2 0.5EU/mL |SMP 1.2 0.5EU/mL SMP 1.2 0.5EU/mL |SMP 1.2 0.5EU/mL SMP 1.2 0.5EU/mL |SMP 1.2 0.5EU/mL §
F Neg Ctrl Neg Ctrl =
G SMP1 SMP1 SMP1 SMP1 SMP1 SMP1
H SMP 1.3 0.25EU/mL|SMP 1.3 0.25EU/mL SMP 1.3 0.25EU/mL|SMP 1.3 0.25EU/mL SMP 1.3 0.25EU/mL|SMP 1.3 0.25EU/mL|
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Product specific validation — Accuracy/Precision
rCR product-specific method validation — TRILLIUM CARTRIDGES

Sample batch 1 EXAMPLE Cartridges sensitivity 0,01EU/mL
Sample diluted at working dilution and Sample diluted at working dilution and Sample diluted at working dilution and
spiked at 0,2EU/mL spiked at 0,2EU/mL spiked at 0,2EU/mL
Sample diluted at working dilution and Sample diluted at working dilution and Sample diluted at working dilution and 3 Dav 1
spiked at 0,1EU/mL spiked at 0,1EU/mL spiked at 0,1EU/mL £ ay
k]
Sample diluted at working dilution and Sample diluted at working dilution and Sample diluted at working dilution and
spiked at 0,05EU/mL spiked at 0,05EU/mL spiked at 0,05EU/mL
Sample batch 1 EXAMPLE Cartridges sensitivity 0,01EU/mL
Sample diluted at working dilution and Sample diluted at working dilution and Sample diluted at working dilution and
spiked at 0,2EU/mL spiked at 0,2EU/mL spiked at 0,2EU/mL
e 3 3 ~
f =l
Sample diluted at working dilution and Sample diluted at working dilution and Sample diluted at working dilution and 3 Day 1
spiked at 0,2EU/mL spiked at 0,1EU/mL spiked at 0,2EU/mL _§
2
Sample diluted at working dilution and Sample diluted at working dilution and Sample diluted at working dilution and
spiked at 0,05EU/mL spiked at 0,05EU/mL spiked at 0,05EU/mL
‘OQ
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Product specific validation — Accuracy/Precision

rCR product-specific method validation — TRILLIUM CARTRIDGES

Sample batch 1 EXAMPLE Cartridges sensitivity 0,01EU/mL

Sample diluted at working dilution and
spiked at 0,2EU/mL

Sample diluted at working dilution and
spiked at 0,1EU/mL

Sample diluted at working dilution and
spiked at 0,05EU/mL

Sample diluted at working dilution and
spiked at 0,2EU/mL

Sample diluted at working dilution and
spiked at 0,1EU/mL

Sample diluted at working dilution and
spiked at 0,05EU/mL

Sample diluted at working dilution and
spiked at 0,2EU/mL

Sample diluted at working dilution and
spiked at 0,1EU/mL

Sample diluted at working dilution and
spiked at 0,05EU/mL

Technician 1

Sample batch 1 EXAMPLE Cartridges sensitivity 0,01EU/mL

Sample diluted at working dilution and
spiked at 0,2EU/mL

Sample diluted at working dilution and
spiked at 0,21EU/mL

Sample diluted at working dilution and
spiked at 0,05EU/mL

COPYRIGHT®© CHARI ES RIVER | ABORATORIES 2025

Sample diluted at working dilution and
spiked at 0,2EU/mL

Sample diluted at working dilution and
spiked at 0,1EU/mL

Sample diluted at working dilution and
spiked at 0,05EU/mL

Sample diluted at working dilution and
spiked at 0,2EU/mL

Sample diluted at working dilution and
spiked at 0,1EU/mL

Sample diluted at working dilution and
spiked at 0,05EU/mL

Technician 2
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Summary — Approach 2

ICH Q2 (R2) — Validation of analytical procedures: Text and methodology

Analytical procedure performance characteristics to be demonstrated for an Impurity (Product Attribute - Quantitative)

Performance parameter _ Performed by

Accuracy Product Specific Validation (A&P)

Prec?sion B Repeatat.)ility Parameters to be assessed on per END-USER
Precision — Intermediate product basis

precision

Robustness Available in Charles River Trillium —

: Primary Validation Package '
Equivalency y g charles river
Specificity Product Specific Validation —

Range Product specificity (method
suitabilit
o & END-USER
Linearity
: - Parameters to be assessed on per
Detection Limit product basis

~><_~
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BET Validation Summary

LAB WORK IMPACT - Compendial validation versus Alternative validation

1- Interference Screening

2- Non-product specific
validation

3- Product specific
validation

Compendial method
(LAL and rFCwri-euv))

Alternative method
CR WFI approach

Undiluted not required

Dilution Reguired
-1 plate or

-5 to 10 cartridges

Undiluted not required

Extra validation parameters

required
Accuracy

Precision (2)
Robustness
Equivalency
INCLUDED IN TRILLIUM VAL PACK

NOT required

(reviewed and accepted by regulators
when accepted as compendial)

Product specificity (method
suitability)
3 endotoxin concentration

Method suitability
1 endotoxin concentration

(mid-point of the std curve) = 1plate or
= 1 plate or = 9 cartridges

Range/Linearity/LOD in COA or

7 JEEIUREES in ESV6 report
In ESVO report

COPYRIGHT®© CHARLES RIVER LABORATORIES 2025

Alternative method
CR product approach

Dilution Required
-1 plate or
-5 to 10 cartridges

Extra validation parameters
required

=  Robustness

=  Equivalency

INCLUDED IN TRILLIUM VAL PACK

Accuracy & Precision (2)

= 4 plates/ 36 cartridges (2 days/2
techs)

Product specificity (method suitability)

3 endotoxin concentration

= 1 plate or

= 9 cartridges

Range/Linearity/LOD in COA or in

ESV6 report

‘O(/.
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Key Takeaways

USP <86> becomes
official 01 May 2025
and offers additional
options for BET, it does
not replace USP <85>

Includes both rCR and
rFC recombinant
reagents

This chapter is currently
not an “applicable”
chapter as described in
General Notices

COPYRIGHT®© CHARLES RIVER LABORATORIES 2025

Other Pharmacopoeias
have differing positions

Harmonisation is a
long-term goal but a
long way off

Recombinant reagents
still alternative method
for most countries,
including those with
compendial chapters

Validation will be
needed for many
countries and products

Validation level will
depend on risk
acceptance and country
of submission

Validation should not
be the breaking point; it
is not that complex
when a comprehensive
primary validation
package is available

‘O(,.
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Contact Us

1-877-CRIVER-1
askcharlesriver@crl.com
WWW.Criver.com

Alan Hoffmeister
Senior Global Scientific Portfolio Specialist
alan.hoffmeister@crl.com
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