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2.6.8. Pyrogens 2.6.14. Bacterial 2.6.30. Monocyte- 2.6.32. Test for
endotoxins activation test bacterial endotoxins
using recombinant

factor C

» The conference aimed to show how the European Pharmacopoeia intends to remove the RPT from its texts

by 2026, facilitate the use of MAT, and identify gaps in the suppression of RPT. 3Rs concept of Reduction,
Replacement and Refinement of laboratory animal use.

» If the presence of NEP can be excluded, BET (rFC or LAL) is sufficient. If the presence cannot be excluded,

MAT is the appropriate method. This assessment can be achieved by using both MAT and BET methods for the

prod ucts in Scope. The future of pyrogenicity testing: Phasing out the rabbit pyrogen test. A meeting report. 2023

EP: Supressed in accordance with the pyrogenicity strategy for removing the rabbit pyrogen test (RPT) from the
Ph. Eur. Suppression of general chapter 2.6.8 Pyrogens from the Ph. Eur. on 1 January 2026 (Issue ).
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FDA Guidance for Industry Pyrogen and Endotoxins Testing: Questions and Answers, 2012
5. May a firm use alternative assays to those in the USP for a compendial article?

Yes, firms may use alternative methods and/or procedures if they provide advantages in terms of accuracy,
sensitivity, precision, selectivity, or adaptability to automation or computerized data reduction, and in other special
circumstances. Such alternative procedures and methods should be validated as described in the USP General
Chapter <1225>, Validation of Compendial Procedures, and should be shown to achieve equivalent or better results.
When a difference appears or in the event of a dispute, the final decision is made based upon the USP compendial
gel clot method unless otherwise indicated in the monograph for the product being tested.

Below are two examples of alternative assays.
(1) Recombinant Horseshoe Crab Factor C Assay

If a manufacturer chooses to use a recombinant factor C-based assay, then method validation should be in
accordance with the requirements of USP Chapter <85>, Bacterial Endotoxins Test, as described in the section for
Photometric Quantitative Techniques, and USP Chapter <1225>, Validation of Compendial Procedures.

(2) Monocyte Activation Type Pyrogen Test

Product-specific validation is necessary to establish whether a particular test substance or material is appropriate for
evaluation of the monocyte activation method. The validation should include, but is not limited to, interference testing,
accurate detection of pyrogen in individual test samples, and, for devices, ability of test system to provide direct
contact to the monocytes. °
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FDA POSITION

The FDA supports the use of alternative tests for detection of
pyrogens.

Equivalence between the compendial and the alternative test should
be demonstrated as per 21 CFR 610.9.

— rFC should demonstrate equivalence to the LAL-BET for detection of
endotoxins and suitability for the intended use as per USP <85>

— MAT should demonstrate equivalence to the RPT for detection of
endotoxin and non-endotoxin pyrogens.

Validation may include a combination of non-product-specific
validation and additional product-specific validation; the user may

rely in non-specific validation conducted by the vendor or published
in peer-reviewed literature.

FDA PERSPECTIVE ON RECOMBINANT ENDOTOXIN DETECTION SY&MS, 2021



Q,  Search for General Chapter, Monograph h Search Filters
@ Not Yet Official 7o be official on 01-May-2025 v Revision On . 4 Prev  Next)p E Reference Materials <= Document Info

Tools
GENERAL CHAPTERS » GENERAL TESTS & ASSAYS » _(81) TO (180) BIOLOGICAL TESTS AND ASSAYS » (86)
BACTERIAL ENDOTOXINS TEST USING RECOMBINANT REAGENTS D
Hom Bookmark

Add the following:

Ex A (86) BACTERIAL ENDOTOXINS TEST USING RECOMBINANT Q

de REAGENTS

=

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

Bacterial Endotoxins Test {85) . This chapter is currently not an “applicable” chapter as described in General Notices, 3.10 Applicability of
Roc Standards. 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. This test uses a reagent containing the =
Rec recombinant Factor C (rFC) protein or a recombinant cascade reagent (rCR) containing recombinant Factor C, recombinant Factor B, and Print Page
Nat recombinant proclotting enzyme. These reagents are used to detect or quantify endotoxins from Gram-negative bacteria in test
May samples. The test is performed using reagent(s) based on the gene sequence(s) of the relevant factors of the horseshoe crab (Limulus

polyphemus, Tachypleus tridentatus, or Carcinoscorpius rotundicauda).

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. To accurately detect endotoxins, the test is carried out using endotoxin-free
materials with laboratory controls in place to prevent inadvertent endotoxin contamination.

It is the responsibility of the user to review the supplier's primary validation package and to verify that the recombinant reagent-based
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Figure 1. Structure of lipopolysaccharide (LPS).
LPS is found on the cell wall of gram-negative bacteria, such as Escherichia coli. The lipid A region, depicted
in red, elicits the immune response.
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\ Boc-Leu-Gly-Arg-pNA*

* Ac-lle-Glu-Ala-Arg-pNA & Boc-Thr-Gly-Arg-pNA are also available
** Both rFC and recombinant coagulation cascade assay are available alternatives to the LAL test

*#* Recombinant FG assay 1s still not available because it is under development

Boc-Leu-Gly-Arg-OH + pNA

(Colorimetrie, Chromogenic)
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Primary validation:
USP<1085> Product independent

ALTERNATE TEST METHODS

Suitability testing:
Product specific

The methods listed in (85) for the detection of bacterial endotoxins (gel-clot limits test, gel-clot assay, kinetic
chromogenic, endpoint chromogenic, kinetic turbidimetric) are considered to be validated. However, a
laboratory may choose to use an assay methodology that is not listed in (85). If such a choice is made, the
alternate test for the detection of bacterial endotoxins must be fully validated to ensure that decisions made
using the alternate methodology are equivalent to or better than decisions made using the validated USP
methods and ultimately approved by the appropriate regulatory authority. Although endotoxin testing is not
specifically cited, guidance on how to think about the validation of alternate methods can be found in
Validation of Alternative Microbiological Methods (1223) and Validation of Compendial Procedures (1225).

(86) Bacterial Endotoxins Test Using Recombinant Reagents. This proposed new test chapter provides additional

techniques using nonanimal derived reagents to the Bacterial Endotoxins Test (85).

This general chapter is not currently being introduced into a specific monograph or listed in General Notices. It is the
responsibility of the user to review the supplier's primary validation package and to verify product suitability for use in
testing specific products or materials. This verification must include 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
selected verification experiments should be based on an assessment of the complexity of the material to which the method

is being applied. The user should refer to Verification of Compendial Procedures (1226). Regulatory authorities may require
supplemental data prior to acceptance. An example of supplemental data may include a comparative study of the material

tested by techniques described in this chapter and those in (85).
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USP<1225> % #7572 K36k

Table 2. Data Elements Required for Validation

Category Il
Analytical
Performance Limit
Characteristics Category | Quantitative Tests Category Il Category IV
Accuracy Yes Yes g 2 No
Precision Yes Yes No Yes No
Specificity Yes Yes Yes 2 Yes
Detection limit No No Yes a No
Quantitation limit No Yes No 2 No
Linearity Yes Yes No 2 No
Range Yes Yes a a No

aMay be required, depending on the nature of the specific test.




What about the authorities? The FDA and the EDQM have both strongly recognized these Table 1. Typical Analytical Characteristics UsseiiRiatbiod Vagasion

advantages and equivalency. They both published guidance that specifically mentioned rFC assays
for BET (6),(7). The FDA’'s 2012 Q&A guidance document refers to USP chapter <1225> Validation Accuracy
of Compendial Procedures (2) (ICH Q2(R1)(8)) to demonstrate the desired validation parameters.

[ PUCHUSVENS | NN T 7 g, | X DI S

LAL/TAL rFC

Specificity
s the equipment Installation Detection limit
properly installed? Qualification e r—
Does the equipment Operational Linearity
{work properly? Qualification Reaiige
Does the method work Pt . Primary Scientific Ropustness

. narmacopeia . % .
properly in general? Validation Literature
by manufacturer Performance
Qualification 1

Does the method work
properly in this facility?
Does the method work Performance ﬁYiQﬁLE :
properly on this sample? Qualification 2

o BRITERIE? 2T
. WIESH (USP<1225>) ?

Method Suitability on three lots of product, i.e. investigation of inhibition/enhancement (compendial e A ﬁjﬂé@ |j\] %;ﬁ% ] Kﬁ{)ﬂﬂ gt jj ?

Test for Interfering Factors). o — R

_ _ N , _ o BT EMLAL XS ?
With the aforementioned comparative studies and some Preparatory Testing, rFC can be quickly . . .
validated and working as intended in a given laboratory. o FF LA I 2L B 2

rFC manufacturers may support rEC users by supplying Primary Validation reports as well as ready-
to-fill-out protocols and worksheets. Thus, Method Validation and Suitability testing becomes a
straight-forward process (see Figure 1). Adding hardware and software Installation and Operational
Qualification (IQ, OQ), Preparatory Testing and operator training — the same as required for LAL —
rFC establishment can take just 5 days in the laboratory.

PDA 2021 -rFC Validation - Simpler than )aought
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Validation Strategy for New Recombinant Factor C Users
Monday, February 28, 2022 Tweet Facebook

Evelyn Der, Senior Scientist, Roche Genentech, QC Technology Innovation and Implementation Group, South San

Francisco, CA USA.
Carmen Marin, QC Scientist Microbiology, F. Hoffmann La Roche Ltd, Kaiseraugst, Switzerland.

Viviane Grunert da Fonseca, PhD, Non-clinical Statistician, Roche, MSAT (Manufacturing, Science and Technology),

Penzberg, Germany.

Lindsey Silva, PhD, QC Director, Roche Genentech, Microbiology, South San Francisco, CA USA.

Introduction

This paper presents Roche’s validation strategy of the recombinant factor C (rFC) endotoxin testing method. The validation
approach uses statistical non-inferiority hypothesis testing based on spiked samples with different concentrations of
commercial endotoxin standard. This approach is different from published literature studies while in accordance with the
current regulatory framework and streamlines laboratory work. The validation activities are ongoing at the time of this
publication at a Roche pilot laboratory. As the validation progresses, validation activities are to be continued at the other Roche
global network QC operations and applied for water and product endotoxin testing.
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Table 1A. POC: Recommended rFC Vendor Reagents

Evaluated endotoxin recovery results with LAL KCA assay and rFC vendor kits with vendor recommended plate readers.

« RSE 4-Point Standard Curve (0.005 to 5.0 EU/mL)
« 0.5 EU/mL RSE PPC
« Two testers

Two Testers ’ LAL KCA Vendor A ‘ Vendor A rFC Reagents | Vendor B rFC Reagents

(Tester 1/Tester 2) % Endotoxin Recovery’ % PPC? 9% Endotoxin Recovery? % PPC? 9% Endotoxin Recovery? % PPC?
Monocloral Antibody #1 72/55 . 91/93 83/61 ' 150/135 59/47" . 88/105
Monocloral Antibody #2 . 102/93 ' 97/113 . 135/130 ' 171153 ' 82/82 V 90/103
Monocloral Antibody #3 . 96/86 . 90/98 . 138/104 » 156/149 . 86/65 V 85/94

LAL WATER . 120/144 . 79/113 . 129149 . 116/134 ‘ 100/100 . 106/95

'Expected 50 to 200% PPC and s;;iked endotoxin recoveries met exce-pt for reading pedo;rned with Vendor B reader. Likely reiated to equipment ;et~up. - W
“First reported value is from Tester 1. Second reported value is from Tester 2.

Acceptable standard curves, spiked RSE PPC recoveries of 50-200%, and coefficient of variation (< 25%; </= 10%) were observed for samples
tested by LAL and rFC test methods, respectively.

Table 1B. POC: Interchanged rFC Vendor Reagents and Readers

Evaluated endotoxin recovery results with LAL KCA assay and interchanged rFC vendor kits with vendor plate readers.

« Same instructions as in Table 1A, but switching vendor reagents on alternative vendor’s readers. Readers settings were in accordance to
reagent vendor’s instructions but on alternative vendor’s reader for emission wavelength.

Two Testers ‘ LAL KCA Vendor A ‘ Vendor A rFC Reagents [ Vendor B rFC Reagents
(Tester 1/Tester 2) 9% Endotoxin Recovery? % PPC? % Endotoxin Recovery? % PPC? % Endotoxin Recovery? % PPC?
Monocloral Antibody #1 ‘ 73/73 - 105/93 ‘ 54/56 ' 96/103 . 43/43' . 71/76

( Monocloral Antibody #2 . 91/13 106/103 ‘ 77/85 ' 95/111 ' 118/120 ' 141132
Monocloral Antibody #3 4 89121 ‘ 103/93 ' 74/88 ‘ 95/96 A 97107 117106
LAL WATER . 124158 ' 101/106 ' 109/117 ' 95/115 ' 11124 ' 90/93

'Expected 50 to 200% PPC and spiked endotoxin recoveries most except for 2 readings performed with Vendor B reader that were likely related to equipment set-up.
*First reported value is from Tester 1. Second reported value is from Tester 2.

Acceptable standard curves, spiked RSE PPC recoveries of 50-200%, and coefficient of variation (< 25%) were observed for samples tested by
LAL and rFC test methods. Results from both rFC vendor kits on one vendor’s fluorescence plate reader gave comparable results to the KCA
. LAL assay.
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Evaluated endotoxin recoveries from spiked RSE in biologic drug product using rFC reagents for masking during storage

« Determined non-inhibitory dilution of biologic drug product using rFC.
+ Spike drug product and LAL Reagent Water control to concentration of 2 EU/mL with RSE.
« Test using rFC reagents from Vendor A at Time 0. Store spiked sample at 20-25°C. Repeat test using rFC at Days 1 and 5.

‘ Time Points PPC Reserved

Dilution Sample EU/mL Sample Spike Recovery (% % PPC
(Days) P peop v | EumL
| 0 1.88 |9 0.567 110 }
Spiked 2 EU/mL RSE Drug Product 1 100 2.95 148 0652 125
| (TO) | ! | ,
5 2.74 137 0.702 135 }
0 2.05 103 0.467 89
Spiked 2 EU/mL RSE Water Control 1 100 1.96 | o8 0.441 84 I
(TO) , | ! | |
5 1.85 93 0.478 92

Spiked endotoxin recoveries calculated against the theoretical spike of 2 EU/mL and corresponding %PPC met expected spike recovery of |
50-200% at TO, T1, and T5 in the drug product and water control.
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Table 2. General Validation Risk Assessment

Category

Sample & reagent
volume

rFC Enzyme performance

Sample & reagent
handling

Fluorescence & standard
curve

Result precision

Result accuracy

Other

Example of potential
risk identified

Concentration of rFC Enzyme is
not optimal

rFC Enzyme cannot be activated
by endotoxins

Reagents (fluorescence
substrate, rFC enzyme, buffer)
do not perform as expected after
opening, storage at 2 - 8°C and
mixing with freshly opened vials

Additional reagents used (e.g.
Tris-buffer, Pyrosperse) are not
compatible with rFC

Sensitivity setting is not correct
(varies over time)

The plate reader affects
obtained results

False negative/positive results
are obtained/recovery of spiked
endotoxin is below 50% or
above 200%

Response to different endotoxin
sources

Response to beta glucans

Single Source-Supply of rFC
Reagents

Risk reduction
measure

No gap identified

No gap identified

Open rFC reagent hold time
test

Compatibility check with
Tris-buffer

No gap identified

No gap identified

No gap identified

No gap identified

No gap identified

Additional supplier to be
validated in future, Traditional
Bacterial Endotoxin Test using
LAL-reagent will be used as
backup.
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Product IndependentZ ik
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—HUPEANGE PP AL

Linearity

Range

Limit of
Quantitation

Specificity

Robustness

Accuracy

Precision

Equivalence*

| Parameters bolded were evaluated as separate attributes in the validation.

These parameters were not evaluated
as separate attributes in the validation
because:

Risk Assessment: Low risk based
on literature review

« Standard curve is performed for
each plate

+  Existing controls on incoming
reagents

This parameter was not evaluated
separately in the validation because
this was assessed as low risk based

on a literature review (different
endotoxin sources & beta glucans and
reported endotoxin data for accuracy

and precision)

Risk Assessment: Low to medium risks

Risk Assessment: Low risk based on
Literature Review. The evaluation for
all three attributes involved:

« Methods: rFC & LAL

| «Sample Type: PW & WFI (endotoxin

free)
« Endotoxin Standard: RSE

Data analysis: Statistical hypothesis
test (i.e. confidence interval used for
acceptance criteria)

USP <1225> &
<1223>

USP <1225> &
<1223>

USP <1225> &

<1223>

USP <1225> &

<1223>
USP <1225> &

<1223>

FDA Guidance
2012 (& USP
<1223>)

Table 3. General rFC Method Validation (Performed at Roche)

Evaluation/Risk Assessment Required by References

1,39

1.3

1,3

3,5,7,8 11,
12,14

2,3,6,9,10,11,

12,13,14

2,3,6,9:12
13,15

2,3,9,10,

11,12

2,4,5

*Not verified on its own but rather with respect to parameters accuracy and precision.
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—— 12 plates X FC & LAL

Per assay plate, each spiked
sample concentration tested in

£ pair, and in triplicate pairs per plate
Example of plate layout for rFC and/or LAL
6 X, different days 6 X, different days
» » » b 12 2
g - v "’ N
3 soike concantrations for sach #£C & LAL plate 3 spike concentrations for each F°C & LAL plate 3 splke concenrations for each #FC & LAL plste ivks WAREL S

Figure 1. Accuracy, Precision, and Equivalency Experimental Design
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Non-inferiority with respect to accuracy Non-inferiority with respect to precision

o 3

SN v g BP0 beter :
.
(much) worse equifplent | (much) better (much) better l equiffalent (much) worse
inferior ®  non-inferior 2 oon-infecior 8 inferior
* . > - r” M ™ v
~ 1k A
0% & ®  ceimed
. T 6 precision
100% LAL reference
. E e precision -
T 95% conbdence nterval for the ~ I - - .
rm:m“w 95% confidence interval for the -

total variabilty of rFC

(a) (b)

Figure 2. lllustrated Hypothesis Test Problems for Equivalence: Accuracy and Precision
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2.6.32. Test for bacterial endotoxins using recombinant factor C

Table 2.6.32.-1

Solution Endotoxin Solution to which Number of
concentration endotoxin is replicates
added
A None Test solution Not less than 2
Middle Test solution Not less than 2
concentration
of the standard
curve
C At least 3 Water for BET Each concentra-
concentra- tion not less than 2
tions (lowest
concentration
is designated \)
D None Water for BET Not less than 2

The test is considered valid when the following conditions
are met:

- the absolute value of the correlation coefficient of the
standard curve generated using solution C is greater than
or equal to 0.980;

— the result with solution D does not exceed the limit of
the blank value required in the description of the reagent
mixture employed, or it is less than the endotoxin detection
limit of the rFC employed.

Calculate the mean recovery of the added endotoxin by
subtracting the mean endotoxin concentration in the solution
(if any) (solution A, Table 2.6.32.-1) from that in the solution
containing the added endotoxin (solution B, Table 2.6.32.-1).

The test solution is considered free of interfering factors if,
under the conditions of the test, the measured concentration
of the endotoxin added to the test solution is within 50-200 per
cent of the known added endotoxin concentration, after
subtraction of any endotoxin detected in the solution without
added endotoxin. _
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