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Disseminated Intravascular Coagulation

A. Normal Anatomy C. Advanced Intravascular Coaguiation
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The European Pharmacopoeia is abolishing
testing on rabbits
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&i1J& Lumilus Amebocyte Lysate (LAL) Testing
The LAL Assay

* The clotting properties of the horseshoe crab’s blood were first documented by
W.H. Howell of Johns Hopkins University in 1885.

* During the 1950’s, the MBL scientist Fredrick Bang discovered the component of
the blood that caused clotting to occur.

* Later, Dr. Bang and Dr. Jack Levin developed a method for detecting endotoxins
using an extract of the white blood cells called Limulus Amebocyte Lysate (LAL). Synthetic chromo-

* Inthe 1970’s, the LAL test was recognized by the Food and Drug Administration genic substrate
(FDA) as an alternative to current methods of testing for endotoxins.

* Due to the efforts of Donald Hockstein, Edward Seligmann and James Cooper at
FDA, the LAL test became an FDA required test for the presence of endotoxins in
injectable drug products and implanted medical devices.

Comparison of Amplification Methods in Bacterial
Endotoxin Detection Assays
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#i3€ Lumilus Amebocyte Lysate (LAL) Testing
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Endotoxin Testing Market Share (%) by Region (2019 - 2031)
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The PSCI's Position

Against this backdrop, the PSCI - representing 74 of the world's largest pharmaceutical companies and
their suppliers — is pleased to affirm the following elements of good practice, and to encourage their
adoption by all members:

Protect all endangered species — no further collection of TAL. The PSCl's members will end
commercial pressure on the populations of Tachypleus gigas and Tachypleus irdenfalus, by committing
to no further collections from these species. PSCI members and first tier suppliers will no longer use TAL
after existing supplies have been exhausted

Minimize the requirements for naturally derived testing materials. The PSCI recognizes that
members will polentially require a range of endotoxin testing techniques, and the availability of fFC, other
recombinant reagents, and microfluidics offers members a route o dramatically reduce the demand for
LAL. Members are encouraged to explore and adopt alternatives, setting themselves internal goals to
minimize the volume of LAL used in their own operations and first Her suppliers.

Understand the animal welfare and conservation position, For the residual use of LAL, members are
encouraged 1o take an active and intentional approach to sourcing, to understand where the matesial
derives from and the animal welfare and bicdiversity considerations that may result. Members are
encouraged fo co-operate and share data on traceability, populations and conservation status of Limulus
polyphemus.

Governance and moniforing

This is a PSCI position paper, but it is net a fermal membership requirement of PSCI, the organizalion
believes it 1o be good practice and a progressive approach to be widely adopted.

Members are encouraged to adopt positions as set out in this paper and lo promote their adoplion
throughout the supply chain.

PSCIin tum commits to:

+  monitor and review our members’ approach on this and report it on an anonymized basis

+  engage with others to learm and develop particularly on the US conservation position

« prepare guidance, materials and support to members and suppliers to implement the good
practice elements of this statement.
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Beta Samples With Endotoxin Present in Both Data Sets

Scatterplot of Log rCR (EU/mL) vs Log LAL (EU/mL)
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Log rCR (EU/mL)
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2 1 0 '
Log LAL (EU/mL)
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R-Value = 0 955

The 95% CI range falls within the expected range of the test (50 - 200%)

indicates that the rCR data is equivalent to LAL.

Statistical Analysis for the ratio
of rCR Endotoxin Value
(EU/mL) to LAL Endotoxin
Value (EU/mL).

N =47

Mean = 89.3%

StDev =924

95% Cl = 62.2%, 116.4%
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Interference Patterns
Interference Pattems Sample Composition: Capsids and Plasmids

Sample Composition: Small Molecule

Capsid 1:10 0.0509 106 <0.05 106

Small Molecule 1 mg/mlL 7 <0.005 | %0 <0.005 107
Small Molecule 1:2000 <100 87 <100 72 .
] = = = Capsid 1:10 <0.05 120 <0.05 123
Small Molecule | 3.333 mg/mL__| <0.0015 | 147 00015 | 116 Capsid 1:10 <0.05 127 0.0711 | 115
Small Molecule | 1.667 mg/mL_ | <0.003 | 79 <0.003 86 Capsid 1:10 <0.05 119 <0.05 94
Small Molecule S mg/ml <0.001 | 138 «0,001 113 §
Senall Molecul 75 g/l R B0 - Plasmid 1:10 0.0667 127 <0.05 108
Small Molecule | S mg/mlL <0.001 | 82 <0.001 77 Plasmid 1:10 0.053 114 <0.05 89
Small Molecule | 5 mg/ml <0.001 | 88 <0.001 69 Plasmid 1:10 0.0506 126 <0.05 107
Small Molecule 10 mg/ml <0.005 | 67 <0.005 60 : ¥
o) S mg/mi =R T = Plasmid 1:10 <0.05 107 <0.05 89
Small Molecule | 0.833 mg/mi | <0.006 | 93 <0.006 109 Plasmid 1:10 <0.05 110 <0.05 83
Semall Molecule | 0.667 mg/mL | <0.0075 | 72 <0.0075 108 Plasmid 1:10 0.0523 128 <0.05 108
Small Molecule 1:1 <0.005 | 75 <0.005 88 .
M i =000t Ta1e 0005 % Plasmid 1:10 0.0637 131 <0.05 103
Small Molecule | 0.1 g/mt <0.05 | 61 <0.05 79 Plasmid 1:10 0.0576 131 <0.05 100
Small Molecule | 1 mg/mL <0.005 | 133 <0.005 149 Plasmid 1:10 <0.05 131 <0.05 110
Small Molecule 1:1 <0.005 | 107 <0.005 9
Small Molecule 1:1 <0.005 | 70 <0.005 64 Interference Patterns
Small Molecule 1:1 <0.005 83 <0.005 78 Sample Composition: Large Molecules
Senall Molecule 1:10 <005 |86 <0.05 85
Small Molecule® | 1:1 <0.005 | N/A** <0.005 70
Small Molecule® | 1:10 <005 |84 <0.05 99 D
* Thite dre T same sampie 3 a0 dfferent lutions oncentratio Recove Recove
** Spika recovery not returned a 1:1, sampie repeated ot 1:10 Large Molecule | 1:10 <0.05 129 <0.05 | 172

Large Molecule | 1:10 <0.05 129 <0.05 189

Large Molecule | 1:10 <0.05 143 <0.05 110

Large Molecule | 1:10 <0.05 133 <0.05 129

Large Molecule | 0.05 U/mL <0.100 86 <0.100 | 111

Large Molecule | 0.025 U/mL <0.200 76 <0.200 140
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Table 1. Assessment of PyroSmart NextGen® Analytical Performance Compared to Pyrochrome® According to USP <1225> and the ICH Q2 Guideline

Analytical Performance
Characteristics

PyroSmart NextGen" Results

Pyrochrome®Results

Acceptance Criteria

1. Linearity (absolute value, 0.01-10 EU/ml.

Minimum: 0.998

Minimum: 0.998

correl coefficient) Maximum: 1.000 Maximum: 1.000 Irl 20.980
2. Accuracy (recovery) Standard Curve Min-Max (%) Min-Max (%)
0.01 EU/mL 85-98 88-100
0.1 EU/mL 99-121 98-116
1.0 EU/mL 109-122 105-116
10 EU/mL 8595 §7-98 50-200%
USP-RSE Min-Max (%) Min-Max (%)
0.05 EU/mL 109-118 95-115
0.5 EU/mL 116-131 107-127
5.0 EU/mL 116-134 130-153
3. Precision
3-1 Repeatability (CV) Standard Curve Min-Max (%) Min-Max (%)
0.01 EU/mL 321 2-21
0.1 EU/mL 5-11 7-13
1.0 EU/mL 8-18 7-17
10 EU/mL 12-17 13-18 CV <30%
USP-RSE Min-Max (%) Min-Max (%)
0.05 EU/mL 6-16 6-19
0.5 EU/mL 5-15 4-17
5.0 EU/mL 6-12 4-11
3-2 Intermediate Standard Curve Min-Max (%) Min-Max (%)
Precision (95% CI1 0.01 EU/mL 11-19 9-15
for CV) 0.1 EU/mL 7-13 7-13
1.0 EU/mL 10-17 9-16
10 EU/mL 10-17 11-20 OV <30%
USP-RSE Min-Max (%) Min-Max (%)
0.05 EU/mL 8-14 9-16
0.5 EU/mL 7-13 8-15
5.0 EU/mL 7-12 7-13
4. Range Precision, accuracy, and linearity

0.01-10 EU/mL

0.01-10 EU/mL

at suitable level

5. Quantitation Limit

At 0.01 EU/mL
Accuracy: 85-98%
Repeatability: 3-21%

At 0.01 EU/mL
Accuracy: 88-100%
Repeatability: 2-21%

The lowest concentration

of endotoxin that can be
quantitatively determined with
suitable precision and accuracy

6. Specificity

Lot 1 Samples
Sample Concentration:
<5.56 - <1.11 EU/mL
Repeatability: 0-8%
PPC Recovery: 96-134%

Lot 1 Samples
Sample Concentration:
<5.56 - <1.11 EU/mL
Repeatability: 0-11%
PPC Recovery: 88-121%

For a sample matrix that does not
contain endotoxin, the endotoxin
concentration is determined as
undetected with suitable precision
and accuracy (PPC recovery)

EEET

DAta from: A Demonstration of the Validation Process for Alternative Endotoxin Testing Methods Using PyroS%r@?\?&rﬂﬁa
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Table 2. Assessment of PyroSmart NextGen® Analytical Performance Compared to Pyrotell®-T According to USP <1225> and the ICH Q2 Guideline

Analytical Performance
Characteristics

EEET

PyroSmart NextGen” Results Pyrotell*-T Results Acceptance Criteria

1. Linearity (absolute value, 0.001-1.0 EU/mL

Minimum: 0.996

Minimum: 0.987

correlation coefficient) Maximum: 0.998 Maximum: 0.993 i 20.980
2. Accuracy (recovery) Standard Curve Min-Max (%) Min-Max (%)
0.001 EU/mL 83-87 63-75
0.01 EU/mL 110-117 134-171
0.1 EU/mL 121-132 136-146
1.0 EU/mL 79-84 67-74 50-200%
USP-RSE Min-Max (%) Min-Max (%)
0.003 EU/mL 80-120 76-124
0.03 EU/mL 112-139 118-173
0.3 EU/mL 102-128 93-116
3. Precision
3-1 Repeatability (CV) Standard Curve Min-Max (%) Min-Max (%)
0.001 EU/mL 3-12 3-20
0.01 EU/mL 39 39
?'{‘) iy 1'_‘1‘; 22'_‘92 CV £35% 0.001 EU/mL
. CV =30% 0.01-1.0 EU/mL
USP-RSE Min-Max (%) Min-Max (%)
0.003 EU/mL 1-7 3-29
0.03 EU/mL 3-10 2-15
0.3 EU/mL 2-6 3-12
3-2 Intermediate Standard Curve Min-Max (%) Min-Max (%)
Precision (95% CI 0.001 EU/mL 7-12 1120
for CV) 0.01 EU/mL 59 7-13
0.1 EU/mL 3-5 5-9
1.0 EU/mL 4-7 5-9 CV =35% 0.001 EU/mL
CV =30% 0.01-1.0 EU/mL
USP-RSE Min-Max (%) Min-Max (%)
0.003 EU/mL 12-22 17-30
0.03 EU/mL 8-15 14-25
0.3 EU/mL 7-12 8-15

4. Range Precision, accuracy, and linearity
at suitable level

The lowest concentration

of endotoxin that can be
quantitatively determined with
suitable precision and accuracy
For a sample matrix that does not
contain endotoxin, the endotoxin

0.001-1.0 EU/mL 0.001-1.0 EU/mL

5. Quantitation Limit A£0.001 EU/mL

Accuracy: 83-87%
Repeatability: 3-12%

At 0.001 EU/mL
Accuracy: 63-75%
Repeatability: 3-20%
Lot 1 Samples
Sample Concentration:

6. Specificity Lot 1 Samples

Sample Concentration:

<5.56 - <1.11 EU/mL
Repeatability: 0- 9%

concentration is determined as

ting:Mithods Using PyroSmart NextGan Fcr

<5.56 - <1.11 EU/mL
chcatablhry 0- 19%

'E)c‘&a from: A Demonstration o
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YIS A 2587575 Compendial Microbial Testing

KEY RESULTS

Table 1: Recombinant reagents are more specific for
endotoxin in the presence of beta glucans (yeastolate

Calculated Result

KEY RESULTS

Figure 1: Recombinant Reagents Recover Endotoxin Comparable to Naturally-Derived Reagents

Recovery of Control Standard Endotoxin in Nine Pharmaceutical Samples: rFC, rCR and LAL

200
Reagent Reagent Type %PPC
g 4 yp (EU/mg) 50
Lonza Kinetic-QCL LAL - KCA 0.0687 133 160
ACC PyroChrome LAL - KCA >4.00 NA ®
- 140
Charles River Endochrome K LAL - KCA 0.0639 123 g & Insulin Solution
ACC PyroSmart NG rCR <0.0400 100 g 120 el Suoene:
nsulin suspension
Seikagaku PyroSmart rCR <0.0400 87 & 100 e
Wako Pyrostar Neo rCR <0.0400 56 % 80 ® Monodlonal Antibodyl
Xiamen BioEndo rCR <0.0400 76 E 60 Monaoclonal Antibody2
Charles River Trillium rCR <0.0200 107 5 20 m L-Histidine
bioMerieux Endozyme Il rFC <0.0400 79 . m Sodium Acetate
Lonza PyroGene rFC <0.0400 71 -t
Xiamen BioEndo rFC <0.0400 91 0 e
ACC Charles River Lonza Kinetic- Seikagaku Wako Xiamen  Charles River bioMerieux Lonza Xiamen W Glass Cartridge
PyroChrome Endochrome QcL PvroSmarT NG PyroSmart Pyrostar Neo  BioEndo Trillium Endozyme Il  PyroGene BioEndo
K B Rubber Stopper
KCA rCR rFC
LAL Recombinant
Endotoxin Test Reagent
= Compendial recovery criteria is 50-200%; product dilutions were based on equivalent LOQs, not necessarily optimized for PPC recovery
= Theoretical recovery target is 90.9% based on a 10 pL “hot spike” into 100 pL sample
PSCI ¥ @PSClinitiative
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