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1 Rationale for the Proposed Test Method

1.1 Introduction

1.1.1. Describe the historical background for the proposed test method, from original
concept to present. This should include the rationale for its development, an overview of
prior development and validation activities, and, if applicable, the extent to which the
proposed test method is mechanistically and functionally similar to a validated test
method with established performance standards.

Pyrogens, a chemically heterogeneous group of hyperthermia- or fever-inducing
compounds, derive from bacteria, viruses, fungi or from the host himself reacting to
microbial products during an immune response by producing endogenous pyrogens such
as prostaglandins and the pro-inflammatory cytokines interleukin-1 (IL-1), interleukin-6
(IL-6) and tumour necrosis factor-o. (TNF-a) (Dinarello, 1999). Depending on the type
and amount of pyrogen challenge and the sensitivity of an individual, even life-
threatening shock-like conditions can be provoked. To assure quality and safety of any
pharmaceutical product for parenteral application in humans, pyrogen testing is therefore
imperative.

Depending on the medicinal product, one of two animal-based pyrogen tests is currently
prescribed by the respective Pharmacopoeias, i.e. the rabbit pyrogen test and the bacterial
endotoxin test (BET). For the rabbit pyrogen test, sterile test substances are injected
intravenously to rabbits and any rise in body temperature is assessed. This in vivo test
detects various pyrogens but not alone the fact that large numbers of animals are required
to identify a few batches of pyrogen-containing samples argues against its use. In the past
two decades, the declared intention to refine, reduce and replace animal testing, has
lowered rabbit pyrogen testing by 80% by allowing to use the BET as an in vitro
alternative pyrogen test for certain medicinal products (Cooper et al, 1971).

Bacterial endotoxin, comprising largely lipopolysaccharide (LPS) from the cell wall of
Gram-negative bacteria that stimulates monocytes/macrophages via interaction with
CD14 and toll-like receptor 4 (TLR4) (Beutler and Rietschel, 2003), is the pyrogen of
major concern to the pharmaceutical industry due to its ubiquitous sources, its stability
and its high pyrogenicity. With the BET, endotoxin is detected by its capacity to
coagulate the amoebocyte lysate from the haemolymph of the American horseshoe crab,
Limulus polyphemus, a principle recognised some 40 years ago (Levin and Bang, 1964).
In the US, Limulus crabs are generally released into nature after drawing about 20% of
their blood and therefore most of these animals survive. However, the procedure still
causes mortality of about 30,000 horseshoe crabs per year, which adds to even more
efficient threats of the horseshoe crab population like its use as bait for fisheries, habitat
loss and pollution (http://www.horseshoecrab.org/).

As with the rabbit test the general problem of translation of the test results to the human
fever reaction persists. Moreover, although being highly sensitive, the failure of the BET
to detect non-endotoxin pyrogens as well as its susceptibility to interference by e.g. high
protein or lipid levels of test substances or by glucans impedes full replacement of the
rabbit pyrogen test. Hence, hundreds-of-thousands rabbits per year are still used for
pyrogen testing.
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A test system that combines the high sensitivity and in vitro performance of the BET test
with the wide range of pyrogens detectable by the rabbit pyrogen test is therefore
required in order to close the current testing gap for pyrogens and to avoid animal-based
tests. With this intention and due to improved understanding of the human fever reaction
(Dinarello, 1999), test systems based on in vitro activation of human monocytes were
developed. First efforts date back about 20 years, when peripheral blood mononuclear
cells (PBMC) were used to detect endotoxin by monitoring the release of pyrogenic
cytokines (Duff and Atkins, 1982; Dinarello et al 1984). Meanwhile, a number of
different test systems, using either whole blood, peripheral blood mononuclear cells
(PBMC:s) or the monocytoid cell lines MONO MAC 6 (MM6) or THP-1 as a source for
human monocytes and various read-outs were established (Poole et al., 1988; Ziegler et
al, 1988; Tsuchiya et al, 1980; Hartung and Wendel, 1996; Hartung et al, 2001; Poole et
al, 2003). These test systems were validated with the aim of developing a tool for formal
inclusion into Pharmacopoeias, an important basis for implementing novel alternative
pyrogen tests for product-specific validation.

1.1.2 Summarize and provide the results of any peer review conducted to date and
summarize any ongoing or planned reviews.

All of the five methods are currently under peer review of the ECVAM Scientific
Advisory Committee.

1.1.3 Clearly indicate any confidential information associated with the test method;
however, the inclusion of confidential information is discouraged.
This document does not contain any confidential information.

1.2 Regulatory rationale and applicability

1.2.1 Describe the current regulatory testing requirement(s) for which the proposed test
method is applicable.

To assure quality and safety of pharmaceutical products for parenteral application in
humans, pyrogen testing is imperative. Depending on the drug, one of two pyrogen tests
is currently prescribed by the European Pharmacopoeia, i.e. the rabbit pyrogen test and
the bacterial endotoxin test (BET), and other national and international guidelines.

1.2.2 Describe the intended regulatory use(s) (e.g., screen, substitute, replacement, or
adjunct) of the proposed test method and how it will be used to substitute, replace, or
complement any existing regulatory testing requirement(s).

Dependent on the product and the presence of relevant clinical data on unexpected
pyrogenicity of clinical lots, the proposed test method may be an alternative method for
pyrogen testing, thus substituting the rabbit pyrogen test or the BET. In certain cases, the
proposed test method may function as a supplementary test method to assess compliance
to the licensing BRD.

In case the proposed test method is an alternative for pyrogenicity testing, a thorough
cross-validation between the proposed test method and the original method for the
specific medicinal product is warranted. In case the proposed test method is an adjunctive
test to screen for (unexpected) pyrogenic lots, alert and alarm limits may be established
based on consistency of production lots or (preferably) based on actual clinical data.
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1.2.3 Where applicable, discuss the similarities and differences in the endpoint measured
in the proposed test method and the currently used in vivo reference test method and, if
appropriate, between the proposed test method and a comparable validated test method
with established performance standards.

The current in vivo method (rabbit test), as described in the pharmacopoeia, and the
proposed in vitro test method each determine very different end-points, though the
biochemical origins of the response are similar.

The in vivo method more resembles a black box, and determines the total rise in body
temperature (fever induction) of the animals subjected to the medicinal product, as a
result of pyrogens (if any) present in the product.

The proposed test method WB/IL-6 is an in vitro model for the fever response
mechanism. It determines the release of cytokines by monocytoid cells into the culture
medium upon the interaction of pyrogens and specific receptors on the monocytoid cells.
It is these cytokines that trigger the fever response in vivo.

Main differences between the in vivo and in vitro methods are that the latter is
quantitative and uses cells of human origin, thus better reflecting the physiological
situation.

1.2.4 Describe how the proposed test method fits into the overall strategy of hazard or
safety assessment. If a component of a tiered assessment process, indicate the weight that
should be applied relative to other measures.

The proposed test method WB/IL-6 may be applied for those medicinal products for
which the rabbit test is the only or most reliable method for pyrogenicity testing, since a)
the medicinal product is not compatible with the BET or b) the medicinal product
contains pyrogens other than Gram-negative endotoxin.

Limit concentrations for pyrogens are established based on consistency lots or actual
clinical data or, in the case of endotoxin the ELC as defined for many medicinal products.

1.3 Scientific basis for the proposed test method

1.3.1 Describe the purpose and mechanistic basis of the proposed test method.

The proposed in vitro method is intended to determine the presence of pyrogens in
medicinal products for parenteral use. The proposed test method is an in vitro model of
the human fever response. It determines the release of cytokines upon the interaction of
pyrogens and specific Toll-like receptors on the monocytoid cells (Beutler and Rietschel,
2003). It is these cytokines that trigger the fever response in vivo.

1.3.2 Describe what is known and not known about the similarities and differences of
modes and mechanisms of action in the proposed test method as compared to the species
of interest (e.g., humans for human health-related toxicity testing).

An important feature of the proposed test method is that it is based upon the use of
monocytoid cells of human origin. It therefore by definition resembles more closely the
actual response of humans. The two other test methods make use of either crustaceans
(BET) or rabbits, both species more or less distinct from the human species. The response
of humans, horseshoe crabs and rabbits toward Gram-negative endotoxin has been
studied extensively and the methods appear equivalent for this particular pyrogen

Page 6
A-244



ICCVAM In Vitro Pyrogenicity BRD: Appendix A3 May 2008

BRD: WB/IL-6 March, 2006

(Cooper et al 1971; Greisman and Hornick, 1969). However, there are documented cases
of medicinal products and specified pyrogenic substances that yield false-positive or
false-negative results in either test method. Since the proposed test method is based on
human cells, it may therefore predict more accurately the pyrogenicity of such substances
in humans.

1.3.3 Describe the intended range of substances amenable to the proposed test method
and/or the limits of the proposed test method according to chemical class or
physicochemical factors.

The proposed test method is intended for the assessment of pyrogens in all parenteral
medicinal products for human use, chemical or biological and including raw materials,
bulk ingredients and excipients. Use of the proposed test method in testing environmental
samples or medicinal products is suggested and may be feasible, but substantiating data
are as yet limited or absent.
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2 Test Method Protocol Components

2.1 Overview of test method.

Provide an overview of how the proposed test method is conducted. If appropriate, this
would include the extent to which the protocol for the proposed test method adheres to
established performance standards.

A highly detailed method protocol describing the proposed test method WB/IL-6
(Detailed protocol WB/II-6 In vitro test for pyrogen/endotoxin using human whole blood
22 07 02) is included in Appendix A of this background review document (BRD).

The WB/IL-6 test method is a two-part assay for the detection of pyrogenic
contamination. The test protocol itself can be divided into the following two parts:
1. Incubation of the sample with (diluted) human blood.
2. An enzyme linked immunoassay (ELISA) for the measurement of IL-6.

Ad 1.

Human whole blood is collected by venipuncture into tubes for blood sampling and
heparinized. Freshly collected (< 4 hours) heparinized human whole blood is incubated
overnight (16-24 hours) together with saline and the sample of interest in sterile and
pyrogen-free reaction tube. The supernatant is subsequently collected for further
examination.

Ad 2.

Samples (supernatants of blood stimulation) are distributed into the wells of a
microtiterplate which are coated with monoclonal antibodies specific for IL-6.

An enzyme-conjugated polyclonal antibody against IL-6 is added. During a subsequent
incubation, a sandwich complex consisting of two antibodies and the IL-6 is formed.
Unbound material is removed by a wash step.

A chromogenic substrate reactive with the enzyme label is added. Color development is
terminated by adding a stop solution. The resulting color, read at the appropriate
wavelength (substrate-dependent), is directly related to the IL-6 concentration.

The IL-6 ELISA used throughout this study is an in-house ELISA, developed by
Novartis, in which the IL-6 calibrant is calibrated against the IS for IL-6 (89/548).

The WHO-LPS standard (code 94/580, E.coli O113:H10:K-), was used throughout the
validation. This standard is identical to USP Reference Standard Endotoxin (EC6).

There are several possibilities to estimate the pyrogenic contamination of the preparations
under test: 1) A quantitative estimation can be achieved by the construction of a dose-
response curve for endotoxin standard (e.g. 5.0, 2.5, 1.0, 0.5 and 0.25 EU/ml) versus
optical density (OD) value of the IL-6 ELISA. The contamination of the preparations is
expressed in endotoxin—equivalent units. 2) A qualitative test can be achieved by the
inclusion of an endotoxin threshold control (e.g. one fixed dilution of the standard curve)
which allows for the classification in positive and negative samples (i.e. pyrogenic and
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non-pyrogenic samples). 3) A qualitative test can also be achieved by inclusion of an
appropriate positive product control.

A detailed description of analysis methods used during the validation of the test-method
can be found in section 5 of the current BRD.

2.2 Rational for selected test components

Provide a detailed description and rationale, if appropriate, for the following aspects of
the proposed test method:

2.2.1 Materials, equipment, and supplies needed.

The materials, equipment and supplies used for the WB/IL-6 test method are laboratory
items, that will be already available in a routine QC laboratory. There is no need for
sophisticated or dedicated laboratory equipment throughout the test.

For all steps in the procedure, excluding the ELISA procedure, the materials (e.g. tips,
containers, solutions) which will be in close contact with samples and blood cells need to
be sterile and pyrogen free. The materials, equipment and supplies are specified in the
method protocol attached in Appendix A.1. It should be realized that equivalent devices
may also be used and it is the user’s responsibility to validate the equivalence.

Materials for part 1: Blood Incubation

Equipment

* Incubator (37°C, 5% CO; humidified air)

* Class 2 laminar flow sterile cabinet

* Centrifuge (suitable for 50 ml centrifuge tubes)

* Vortex

Consumables

* 30 ml syringe and a 40 mm, 21 gauge hypodermic needle.
* 50 ml centrifuge tube containing 10 IU heparine per 1 ml bloodsample.
* Serological pipettes (5, 10 and 25 ml)

* Polypropylene conical tubes

* Pipettes suitable for 50 or 100 pul

*  96-wells tissue culture plates

*  WHO-LPS standard

Materials for part 2: ELISA procedure

Equipment

*  Multichannel pipettor

* Microplate mixer

* Microplate washer

* Microplate reader capable of readings at the appropriate wavelength

* A software package facilitating data generation, analysis, reporting, and quality
control

Consumables

* Graduated cylinder and plastic storage container for Buffered Wash Solution

* Tip-Tubs for reagent aspiration with Multichannel pipettor

*  96-wells microtiter plate

*  Mouse monoclonal anti-IL-6 antibody from clone 16 (Novartis)
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* Horseradish peroxydase conjugated sheep polyclonal anti-11-6 antibody.

*  Human Interleukin-6 standard

* Coating buffer, blocking buffer, dilution buffer, stopping solution and wash solution
as detailed in the method protocol.

The IL-6 ELISA used is an in-house assay developed in the Novartis laboratory
(participating in this study) and uses the WHO IL-6 international standard. Any
commercially available IL-6 ELISA kit using the same standard or a standard calibrated
versus it may be used (if validated for this in-vitro pyrogen test).

Including the appropriate positive and negative controls in each run ensures the reliability
and accuracy of the WB/IL-6 test method. As a positive control a specified amount of the
Endotoxin Standard is used. The assay should be considered acceptable only if the
criteria described in the method protocol are met. Also the criteria for allowed variability
of replicates within an assay have to be met. The IL-6 standard curve is an additional
control of the performance of the assay.

2.2.2 Dose-selection procedures, including the need for any dose range-finding studies or
acute toxicity data prior to conducting a study, if applicable.

For every kind of test compound the interference with human blood and the 11-6 ELISA is
determined. For this purpose, a preliminary “dose finding” test is conducted to establish a
suitable (interference free) dilution for every new test compound. For the validation study
(as described in section 4 of this BRD), the tested products were diluted according to
their known ELC, which was usually far beyond interfering concentrations. The ELCs of
the tested products or drugs were calculated according to the European Pharmacopoeia. If
no endotoxin limit is defined it can be estimated by dividing 350 EU by the maximum
hourly dose (example: the maximum hourly dose is 100 mg/patient, then the estimated
endotoxin limit is 350/100=3.5EU/mg).

2.2.3 Endpoint(s) measured.

The proposed test method is an in vitro model of the fever response mechanism. It
determines the release of interleukin-6 (IL-6) by monocytoid cells present in human
blood. IL-6 is released into the culture medium upon the interaction of pyrogens and
specific receptors on the monocytoid cells. The measured endpoint IL-6 is one of the
cytokines that trigger the fever response in vivo.

2.2.4 Duration of exposure.

The human whole blood is exposed to possible pyrogenic components in samples at 37°C
for 16-24 hours in an atmosphere of 5% CO, in humidified air. The supernatant,
containing endogenous pyrogens released by the cells, is subsequently assayed in the IL-
6 ELISA.

2.2.5 Known limits of use.

The WB/IL-6 method described in the protocol in Appendix A is not a finalized test
system for the testing of medicinal products. The method may be applied only to
preparations that have been validated with this method, i.e. shown not to interfere with
the blood and the IL-6 readout system at a specified dilution of the preparation. A
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the blood and the [L.-6 readout system at a specified dilution of the preparation. A
paragraph describing the interference testing is included in the protocol (see Appendix
A). However, at this moment there are no medicinal products known that can not be
tested with the method.

2.2.6 Nature of the response assessed.

The proposed test method is an iz vifro model of the fever response mechanism. Upon the
interaction of exogenous pyrogens and specific receptors on the monocytoid cells
endogenous pyrogens (e.g. interleukins, TNF-a¢ and prostaglandins) are produced. In the
body the fever response is triggered by these endogenous pyrogens. Immunoreactive 1L-
6, the measured endpoint for the current method, is one of these endogenous pyrogens.

2.2.7 Appropriate vehicle, positive, and negative controls and the basis for their
selection.

Throughout the development and validation phase the test compounds are diluted in 0.9%
(w/v) clinical saline. This 0.9% clinical saline is considered an appropriate vehicle as no
interference with active substances of a drug is to be expected.

In addition the test includes several controls.

A negative control: 0.9% clinical saline (sodium chloride)

A positive control: WHO-LPS 94/580, 0.5 EU/ml in clinical saline.

A negative product contro] (NPC): clean, released batch for each drug.

A positive product control (PPC): test item spike with WHO-LPS (code 94/580) at 0.5
EU/ml.

The positive and negative controls are the same in every assay and are needed to establish
the sensitivity of the test system. In addition, a product-based set of controls is used to
reveal product-related interference.

2.2.8 Acceptable range of vehicle, positive and negative control responses and the basis
Jor the acceptable ranges.

The standard curve of the endotoxin solution is to satisfy the criteria for linearity and
range as described in the ICH guideline Q2B validation of analytical procedures:
methodology, November 1996). For general applications the tests should satisfy
additional criteria as specified in the WB/IL6 protocol (Appendix A to this BRD).

However, for the results described throughout this BRD the data were accepted and
analyzed according to the procedures described in section 5.3 “Statistics”. This
procedure was chosen as it allowed for a harmonized analysis of comparable data which
were obtained with different iz vifro pyrogen tests (i.e. PBMC/IL-6, MM6/IL-6, WB/IL-

1).

As regards the substances to be tested, for products with an established ELC, specified in
EU/ml, the product is diluted to its maximum valid dilution (MVD). The negative
product control should be negative at the MVD. The response to the positive product
control should be between 50% and 200% of the response to the positive control,
indicating a possible pyrogenicity can be detected using these conditions.
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2.2.9 Nature of the data to be collected and the methods used for data collection.

The raw data collected are the read-outs (absorbance) of the IL-6 ELISA, measured by an
automated laboratory ELISA-plate reader. The wavelength is dependent on the
chromogenic substrate applied, but when using 3,3°,5,5" -tetramethylbenzidine (TMB),
the ELISA-plate is read at a wavelength of 450 nm. Bi-chromatic measurement with a
reference wavelength of 540-590 nm is recommended.

2.2.10 Type of media in which data are stored.
Data are stored in electronic files (windows98 compatible software) and as hard copy.

2.2.11 Measures of variability.

As part of the development of the WB/IL-6 test method the intralaboratory repeatability
was assessed by independent and identical replicated measurement of the different
concentrations of WHO-LPS. Furthermore, the limit of detection and its dependence
from known but uncontrollable variables such us operator and blood donor were
investigated. These variables and the inherent variation of biological systems make up to
the total variation of the method.

2.2.12 Statistical or non-statistical methods used to analyze the resulting data, including
methods to analyze for a dose-response relationship. Justify and describe the method(s)
employed.

All experiments are run with four replicates of the test compound with blood from one
donor on one plate. A standard curve in quadruplicate, using the International Standard
for Endotoxin (calibrated in EU) is included, ranging from 0.25 EU/ml up to 2.5 EU/ml.
Outliers are rejected only after checking according to the Grubbs test, and applied to
identify and eliminate aberrant data. Next, the negative and the respective positive control
are compared to ensure a suitable limit of detection, which should be >0.25 EU/ml.

2.2.13 Decision criteria and the basis for the prediction model used to classify a test
chemical (e.g., positive, negative, or equivocal), as appropriate.

A prediction model (PM) was developed in order to classify substances as “pyrogenic for
humans” or “non-pyrogenic for humans”. To be able to define a dichotome result in the
alternative pyrogen test, a threshold pyrogen value of 0.5 EU/ml was chosen. This
threshold value was based on historical data with rabbits (described in section 4.1). The
suitability of the PM was assessed by testing substances which were artificially
contaminated with endotoxin (substances are described in section 3.2 and 3.3).

The statistical approach, including quality criteria, is detailed in section 5.3

2.2.14 Information and data that will be included in the study report and availability of
standard forms for data collection and submission.

Raw data were collected using a standard form. These were submitted to the quality
department of ECVAM
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2.3 Basis for selection of this test method

Explain the basis for selection of the test method system. If an animal model is being
used, this should include the rationale for selecting the species, strain or stock, sex,
acceptable age range, diet, and other applicable parameters.

In view of the shortcomings of the rabbit pyrogen test and the BET, in vitro pyrogen tests
that utilize the exquisite sensitivity to exogenous pyrogen of monocytoid cells have been
proposed. In such tests, products are incubated with human cell and the conditioned
media assayed for pyrogenic cytokines (Duff & Atkins, 1982; Dinarello et al., 1984;
Poole et al., 1988; Poole et al, 1989; Hansen & Christensen, 1990; Taktak et al., 1991;
Bleeker et al., 1994).

The human whole blood assay was developed as a real in vitro alternative to the rabbit
pyrogen test. The basic idea was to mimic the fever reaction in humans. In general, the
detection of exogenous pyrogens (e.g. endotoxin) by blood cells causes them to release
endogenous pyrogens like IL-1p, IL-6 and TNFa. These cytokines affect the thermal
regulation centre in the brain and increase the body temperature by changing its set point.

In the past, several test methods have been developed that use the sensitivity of human
peripheral blood monocytes to exogenous pyrogens. In an attempt to increase the
sensitivity of these tests the monocytes/leukocytes were isolated from whole blood. In
addition, various cell lines, which retain monocytoid characteristics, including the
capacity to synthesize and secrete pyrogenic cytokines, have been studied.

However, the isolation of monocytes/leukocytes from whole blood as well as the
maintenance of a cell-line are labour—intensive and time—consuming, technically
sophisticated and require expensive reagents. It is clear that using whole blood implies
considerably simplified handling and that costs are limited.

An overview of relevant literature can be found in section 9 of this BRD. Interleukin IL-6
is chosen as the readout because IL-6, unlike IL-1 and TNF, is secreted entirely into the
cell-conditioned medium in large quantities, thereby permitting its complete estimation.

24 Proprietary components

If the test method employs proprietary components, describe what procedures are used to
ensure their infegrity (in terms of reliability and accuracy) from “lot-to-lot” and over
time. Also describe procedures that the user may employ to verify the integrity of the
proprietary components.

S. Poole is named as an inventor in Patent Number US 6,696,261 B2 , Feb 24, 2004:
‘Pyrogenicity test for use with automated immunoassay systems'.

T. Hartung and A. Wendel are named as inventors in Patent Number US 5,891,728 , Apr
6, 1999: 'Test for determining pyrogenic effect of a material'.

For clarification:

2 Replicates

Describe the basis for the number of replicate and repeat experiments; provide the
rationale if experiments are not replicated or repeated.
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All experiments are run with four replicates of the test compound on one plate. Outliers
are rejected only after checking according to the Grubbs test (p>0.05). Four replicates is
considered the minimal amount for the Grubbs test.

During a prevalidation phase, the intralaboratory reproducibility as well as the
interlaboratory reproducibility of the WB/IL-6 test method was established by applying
repeated experiments (see section 7). As the test method reliability
(repeatability/reproducibility) was shown to be satisfactory, it was feasible to establish
the accuracy using pharmaceutical substances (detailed in table 3.3.1) by one test
performed by three participating laboratories (see section 6).

2.6 Modifications applied after validation

Discuss the basis for any modifications to the proposed test method protocol that were
made based on results from validation studies.

The test can easily be adjusted to a quantitative assay as described in the method
protocol. However, the assay has now been validated as a qualitative assay by means of
the PM.

2.7 Differences with similar test methods

If applicable, discuss any differences between the protocol for the proposed test method
and that for a comparable validated test method with established performance standards.
Not applicable.
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3 Substances Used for Validation

3.1 Selection of substances used

Describe the rationale for the chemicals or products selected for use in the validation
process. Include information on the suitability of the substances selected for testing,
indicating any chemicals that were found to be unsuitable.

Selected test items were medicinal products available on the market. Released clinical
batches were considered clean, i.e. containing no detectable pyrogens. To test the
specificity, sensitivity and the reproducibility of the proposed test method, the products
were spiked with pyrogen. For the present studies endotoxin (LPS) was selected as the
model pyrogen, since it is well defined, standardized and readily available.

For the sensitivity and specificity the test items were assessed at their MVD. The MVD is
the quotient of the ELC and the detection limit. The European Pharmacopoeia prescribes
for various types of parenterals the amount of endotoxin that is maximally allowed in a
medicinal product, i.e. the ELC, taking into consideration the dose, the route of
administration and the dosing regimen of the product.

The aim of the study was to discriminate between negative and positive samples. Based
on the selected pyrogen threshold value (see 4.1) and the PM applied, positive samples
were defined as containing 0.5 EU/ml or more. Hence, to determine the MVD, the value
of 0.5 EU/ml was defined as the detection limit.

Test items were assessed as such (negative product control), spiked with endotoxin at 0.5
IU/ml (positive product control) and after spiking with endotoxin at 5 levels (blinded
samples). In addition a negative control (saline) and positive control (0.5 EU/ml in saline)
were included to establish assay validity.

For reproducibility, the test items were tested, at a predefined dilution above the MVD,
independently in 3 different laboratories, 3 times each. Based on the selected pyrogen
threshold value (see 4.1) and the PM applied, positive samples were defined as
containing 0.5 EU/ml or more. The test items were tested after spiking with endotoxin at
four levels. For no other reasons but practical ones, i.e. availability of test materials,
different test items were selected for this part of the validation study.

It was determined earlier whether candidate test items interfered with the outcome of the
proposed test method. Interference was considered when the response of endotoxin in the
diluted test item was below 50% or above 200% of the response of endotoxin in saline
(spike-recovery). It was shown that none of the test items interfered with the assay at the
selected dilutions (data not shown).

3.2 Number of substances

Discuss the rationale for the number of substances that were tested.

A total of 13 test items were selected for the validation study (see 3.3): 10 test items for
determining sensitivity and specificity (table 3.3.1), 3 different test items for determining
reproducibility (table 3.3.2). Test items and their spikes were appropriately blinded by
ECVAM before distribution to the participating testing facilities.
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For sensitivity and specificity, each test item was tested after spiking at its individual
MVD. Hence they each came with their own specific set of 5 endotoxin spike solutions:
0.0, 0.25, 0.5, 0.5 and 1.0 EU/ml. Simple logistics limited the amount of test items for
this part of the validation study to 10. Since test items were assessed with 5 different
endotoxin levels at 3 independent test facilities, this yielded a total of 150 data points,
biometrically considered to be sufficient for further analysis.

For reproducibility each test item was spiked at 4 different levels (0.0, 0.0, 0.5 and 1.0
EU/ml) and tested at specified dilutions, 3 times at 3 laboratories.

3.3 Description of substances used

Table 3.3.1: Test items (parenteral drugs) used for determining sensitivity and specificity

Drug code Source Agent Indication MVD
(-fold)
Glucose GL Eifel Glucose nutrition 70
5% (w/v)
Ethanol ET B.Braun Ethanol diluent 35
13% (w/w)
MCP® ME Hexal Metoclopramid antiemetic 350
Orasthin® | OR Aventis Oxytocin initiation of 700
delivery
Binotal® BI Aventis Ampicillin antibiotic 140
Fenistil® FE Novartis Dimetindenmaleat antiallergic 175
Sostril® SO | GlaxoSmithKline Ranitidine antiacidic 140
Beloc® BE Astra Zeneca | Metoprolol tartrate | heart dysfunction 140
Drug A* | LO - 0.9% NaCl - 35
Drug B* | MO - 0.9% NaCl - 70

*Drugs A and B were included as saline controls using notional ELCs.
Negative control: 0.9% clinical stock saline solution.
Positive control: WHO-LPS 94/580 (E. coli 0113:H10:K-), 0.5 EU/ml in clinical stock

saline.

Table 3.3.2: Test items (parenteral drugs) used for determining reproducibility.

Drug Source Agent Indication
Gelafundin® Braun melsungen Gelatin Transfusion
Jonosteril ® Fresenius Electrolytes Infusion

Haemate ® Aventis Factor VIII Hemophilia

Negative control: 0.9% clinical stock saline solution.
Positive control: WHO-LPS 94/580 (E. coli 0113:H10:K-), 0.5 EU/ml in clinical stock
saline.

34 Sample coding procedure

Describe the coding procedures used in the validation studies.
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All test items are registered medicinal products and were obtained from a pharmaceutical
supplier. Test items and endotoxin spiking samples were prepared, blinded where
appropriate and coded under GLP by personnel from ECVAM, Italy. These were then
taken over by the Paul-Ehrlich Institute, Germany, for allocation and shipment to each of
the appropriate test facilities participating in the study.

For the sensitivity and specificity part of this study, test items and their respective spikes
(5 per test item) were all blinded. For reproducibility testing, only the spikes (4) were
blinded, the test items were not.

3.5 Recommended reference chemicals

For proposed test methods that are mechanistically and functionally similar to a
validated test method with established performance standards, discuss the extent to which
the recommended reference chemicals were tested in the proposed test method. In
situations where a listed reference chemical was unavailable, the criteria used to select a
replacement chemical should be described. To the extent possible, when compared to the
original reference chemical, the replacement chemical should be from the same
chemical/product class and produce similar effects in the in vivo reference test method.
In addition, if applicable, the replacement chemical should have been tested in the
mechanistically and functionally similar validated test method. If applicable, the
rationale for adding additional chemicals and the adequacy of data from the in vivo
reference test method or the species of interest should be provided.

The reference pyrogen material used was the international endotoxin standard WHO-LPS
94/580 (E. coli 0113:H10:K-). Where appropriate, the material was diluted in clinical
saline solution (0.9%(w/v) sodium chloride). The saline was also used as negative control
(blank).
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4 In vivo Reference Data on Accuracy

4.1 Test protocol in vivo reference test method.

Provide a clear description of the protocol(s) used to generate data from the in vivo
reference test method. If a specific guideline has been followed, it should be provided.
Any deviations should be indicated, including the rationale for the deviation.

For ethical reasons, no rabbit pyrogen tests were performed for this study. However, Dr.
U. Liideritz-Piichel, Paul-Ehrlich Institute, Germany, kindly provided historical data,
accumulated over several years, from 171 rabbits (Chinchilla Bastards). The respective
Pharmacopoeia’s do not prescribe a rabbit strain for the in vivo pyrogen test, but
Chinchilla rabbits are reported as a relatively sensitive strain for pyrogen testing.

The rabbits were injected with endotoxin and their rise in body temperature over the next
180 minutes was recorded (figure 4.1.1). From these data it was established that 50% of
the rabbits got fever when treated with endotoxin at 5 EU/kg (Hoffmann et al, 2005a).
Fever in rabbits is defined as a rise in body temperature over 0.55°C. On the basis of
these historical animal data and corrected for the maximal volume allowed in rabbits, i.e.
10 ml/kg per animal, a pyrogen threshold value of 0.5 EU/ml was defined for the PM in
the proposed test method.

4.2 Accuracy

Provide the in vivo reference test method data used to assess the accuracy of the
proposed test method. Individual human and/or animal reference test data, if available,
should be provided. Provide the source of the reference data, including the literature
citation for published data, or the laboratory study director and year generated for
unpublished data.

As mentioned, no animal studies were done for ethical reasons. However, a theoretical
assumption on specificity and sensitivity can be made (Hoffmann et al, 2005a) Taking
the prevalence of the different final concentrations of LPS in the 5 spikes into account
(1.0 EU/ml: 20%; 0.5 EU/ml: 40%; 0.25 EU/ml: 20% and 0.0 EU/ml: 20%) and
calculating probabilities of misclassification using the chosen study design and defined
threshold of pyrogenicity, i.e. 0.5 EU/ml, the theoretical sensitivity of the rabbit pyrogen
test is 57.9% and the theoretical specificity of the rabbit pyrogen test is 88.3%.
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Figure 4.1.1 Dose-temperature of standard endotoxin applied to Chinchilla Bastards (n=171).
Rabbits were treated with 1 ml saline containing 0, 5, 10, 15 and 20 EU of E. coli LPS (WHO-
LPS 94/580 (E.coli O113:H10:K)) and their body temperature was measured over 180 min.
Linear regression analysis was performed after logarithmic transformation of the data. Data are
shown as dots to which a jitter-effect was applied in order to be able to distinguish congruent
data. The full line depicts the linear regression whereas the dashed lines represent the 95%-
confidence bounds. Furthermore, a horizontal line for a 0.55°C raise of temperature is added
which is often defined as the rabbit threshold for fever. At the interception point of this line and
the regression line 50% of the rabbits are to be expected to develop fever.

4.3 Original records

If not included in the submission, indicate if original records are available for the in vivo
reference test method data.

The recognition of pyrogenic substances as bacterial by-products and the identification of
a variety of pyrogenic agents enabled the development of a proper test to demonstrate
non-pyrogenicity of the pharmaceutical product. As early as the 1920s, studies were done
to select the most appropriate animal model. Results indicated that most mammals had a
pyrogenic response, but only a few, including rabbits, dogs, cats, monkeys and horses
showed a response similar to that in humans. For practical reasons, other species but
rabbits and dogs were considered not practical. In 1942, Co Tui % Schrift described that
rabbits are less thermo-stable as compared to dogs. Hence, rabbits are more suited for the
purpose of testing for the absence of pyrogens, since a negative result is more significant.

4.4 Quality of data

Indicate the quality of the in vivo reference test method data, including the extent of GLP
compliance and any use of coded chemicals.
Not applicable.
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4.5 Toxicology

Discuss the availability and use of relevant toxicity information from the species of
interest (e.g., human studies and reported toxicity from accidental or occupational
exposure for human health-related toxicity testing).

Over time, a number of studies were done to correlate the rabbit test to pyrogenic
reactions in humans. A conclusive study by Greisman and Hornick, published in 1969,
who compared three purified endotoxin preparations (Salmonella typhosa, E. Coli and
Pseudomonas) in New Zealand rabbits and in male volunteers, showed that the induction
of a threshold pyrogenic response, on a weight basis, was similar to rabbit and man. At
higher doses, rabbits respond less severe as compared to man.

4.6 Background on assay performance

Discuss what is known or not known about the accuracy and reliability of the in vivo
reference test method.

As mentioned, no animal studies were done for ethical reasons. However, a theoretical
assumption on specificity and sensitivity can be made (Hoffmann et al 2005a). Taking the
prevalence of the different final concentrations of LPS in the 5 spikes into account (1.0
EU/ml: 20%; 0.5 EU/ml: 40%; 0.25 EU/ml: 20% and 0.0 EU/ml: 20%) and calculating
probabilities of misclassification using the chosen study design and defined threshold of
pyrogenicity, i.e. 0.5 EU/ml, the theoretical sensitivity of the rabbit pyrogen test is 57.9%
and the theoretical specificity of the rabbit pyrogen test is 88.3%.
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5 Test Method Data and Results

5.1 Test method protocol

Describe the proposed test method protocol used to generate each submitted set of data.
Any differences from the proposed test method protocol should be described, and a
rationale or explanation for the difference provided. Any protocol modifications made
during the development process and their impact should be clearly stated for each data
set.

The method protocol for the WB/IL-6 test is provided in the Appendix A of this BRD. It
includes the precise step-by-step description of the test method, including the listing of all
the necessary reagents and laboratory procedures for generating data. For two steps
during validation a part of the protocol was adapted to contain a detailed description of
the dilution of the samples and the spiking with WHO-LPS. The relevant part is detailed
in this section. The validity criteria and the detailed statistical analysis described in
section 5.3 of this BRD were applied to analyse the data produced during validation.

To assess the reliability of the test method a series of experiments were conducted in the
DL. As a start, only blanks (saline, 0 EU/ml) and spikes of WHO-LPS in saline were
tested. These experiments are summarised in table 5.1.1.

Table 5.1.1 : summary of experiments with WHO-LPS in saline

Experiment Spikes (EU/ml) in saline n (per spike) | Repetitions of | N
experiment

1A 0; 0.5 20 1 40

1B 0; 0.063; 0.125; 0.25; 0;5 10 1 50

2A 0; 0.25; 0.5 8 3 72

2B 0; 0.5 5 8 80

The collected data were used to answer questions regarding the nature of the distribution,
the variance and its behaviour over the range of response in replicated measurements
under identical conditions. In addition, intralaboratory reproducibility was assessed by
the maintenance of minimum criteria, e.g. a detection limit below an a-priori chosen
positive control or a dose-dependent standard curve (table 5.1.1, experiment 1b). With the
data of this experiment an assessment of the limit of detection of the test can be done by
calculating the smallest spike, which can be discriminated from the blank. Intralaboratory
reproducibility was assessed by the maintenance of minimum criteria, e.g. a detection
limit below an a-priori chosen positive control of a dose dependent standard curve.

Next, the WB/IL-6 method was transferred from the DL to two other laboratories
(denoted as naive laboratory 1 [NL1] and naive laboratory 2 [NL2]). All three
laboratories performed a large-scale dose response experiment. For this study 6 or 7
concentrations were tested in a dose response curve (typically 0; 0.125; 0.25; 0.5; 1; 2
EU/ml, at least 8 replicates) and all laboratories had to meet the validity criteria as laid
down in the protocol before the studies with medicinal substances were conducted.
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The actual intra- and interlaboratory reproducibility was assessed by testing 3
different medicinal substances Gelafundin, Jonosteril and Haemate (described in table
3.3.2, section 3.3.). Test items and their spikes were appropriately blinded. Test items
were tested, at a predefined dilution above the MVD, independently in 3 laboratories, 3
times each. Test items were tested after spiking with WHO-LPS at four different levels,
the spikes were blinded and coded by QA ECVAM. In addition a negative control
(saline) and positive control (0.5 EU/ml) in saline were included to establish assay
validity.

Although this part of the study was designed for assessment of reproducibility, a
preliminary estimate of the accuracy could be derived from the data. Applying the PM to
the results and evaluating the concordance in a two-by-two contingency table assessed
accuracy.

To assess accuracy of the proposed test method 10 substances (listed in table 3.3.1),
were spiked with five different concentrations of the WHO-LPS (one of which is
negative). To permit the application of the chosen PM, each drug was diluted to its
individual MVD, which has been calculated using the ELC to that drug (listed in table
3.3.1.) Each substance had their own specific set of endotoxin spike solution, ensuring
that after spiking the undiluted drug, it contained 0.0; 0.25; 0.5; 0.5 and 1.0 EU/ml
respectively when tested at its MVD. A detailed description of the sample preparation
was supplied to the three independent laboratories (shown in table 5.1.2). To put more
weight to the result of this part of the validation, the spikes were blinded and coded by
QA ECVAM. The raw data of the WB/IL-6 assay are shown in paragraph 5.2. Accuracy
was assessed by applying the PM to the results and evaluating the concordance in a two
by two table. As intralaboratory reproducibility was (successfully) shown in previous
experiments, only interlaboratory reproducibility was assessed in this phase.

Table 5.1.2: Sample preparation for the testing of 10 substances spiked with 5 different
concentrations of WHO-LPS.

unblinded blinded
dilution of drig up to MVD spiking of undiluted drug: 0.5 ml each
diluted NPC PPC
drug +233pul | +233 ul | +233pl |+233 ul| +23.3 ul
0.5 ml +25 ul +25 ul of of of of of
saline PPC-LPS- Spike 1 Spike 2 Spike 3 Spike4 | Spike 5
spike *
(final conc. dilution to MVD
=50 pg/ml)
test test test | test | test | test | test

* PPC-LPS-spike contains 1050 pg/ml = 21fold 50 pg/ml

NPC = Negative Product Control, PPC = Positive Product Control, MVD = Maximal Valid
Dilution
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5.2 Accuracy and reliability
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Provide all data obtained to evaluate the accuracy and reliability of the proposed test
method. This should include copies of original data from individual animals and/or
individual samples, as well as derived data. The laboratory’s summary judgment
regarding the outcome of each test should be provided. The submission should include

data (and explanations) from all studies, whether successful or not.
See figures 5.2.1,5.2.2,5.2.3,5.2.4,5.2.5 (A, B and C), 5.2.6 and 5.2.7 (A and B).
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Figure. 5.2.1: Coefficient of variation (CV) of WHO-LPS spikes relative to the mean absorbance

(readout of the IL-6 ELISA).
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Figure. 5.2.2: Boxplots with absorbance (A) values of 20- replicates (left) or 10 replicates (right)
of WHO-LPS spikes in saline at various concentrations (readout of the IL-6 ELISA).
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Day1 (n=10)

Day2 (n=5)
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Figure. 5.2.3: Boxplot of absorbance (A) values of the response of two different blood donations
from one single volunteer with WHO-LPS (IU/ml) in saline at 0.0 IU/ml and 0.5 [U/ml (readout

of the IL-6 ELISA).
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Figure. 5.2.4: Boxplot of absorbance (A) values of WHO-LPS (IU/ml) in saline at 0.0 (Blank) ,

0.25 IU/ml or 0.5 IU/ml. with 3 different operators (readout of the IL-6 ELISA).
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Figure. 5.2.5: Boxplot of absorbance (A) values of the response of 8 individual donors to WHO-

LPS (IU/ml) in saline at 0.0 IU/ml and 0.5 IU/ml (readout of the IL-6 ELISA).
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Figure. 5.2.6 A: Three different drugs were spiked (blinded) with WHO-LPS at 0.0, 0.0, 0.5 and
1.0 IU/ml, respectively. Experiment was run 3 time independently at the NIBSC laboratory

(readout of the IL-1 ELISA).
G = Gelafundin; J = Jonestreril, H = Heamate.

C- = negative control (saline); C+ = positive control (0.5 IU/ml in saline).
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Figure. 5.2.6 B: Three different drugs were spiked (blinded) with WHO-LPS at 0.0, 0.0, 0.5 and
1.0 IU/ml, respectively. Experiment was run 4 times independently at the Basel laboratory
(readout of the IL-6 ELISA). The third run (results not shown) was declared invalid for technical
reasons.

G = Gelafundin; J = Jonestreril, H = Heamate.

C- = negative control (saline); C+ = positive control (0.5 IU/ml in saline).

Page 26
A-264



ICCVAM In Vitro Pyrogenicity BRD. Appendix A3

BRD: WB/IL-6

PV (unblinded)
WBT-NIBSC: Innsbruck (run 1)

10.8
- -]

10.6

oD
[

10.
m
[

10.2

= =

= = = = H =

@

C+ G-0(1)G-0(2)H-0(1)H-0(2) J-0(1) J-0(2) G-0.5 H-0.5 J-0.5 G-1 H-1

controls and substances

PV (unblinded)
WBT-NIBSC: Innsbruck (run 2)

oD
11.5 12.0 125 L
B
[ I —

105 11.0
[

=
3 — [ I I R ) =
C-  C+ G-0(1)G-0(2)H-0(1)H-0(2) J-0(1) J-0(2) G-0.5 H-0.5 J-0.5 G-1 H-1 J-1
controls and substances
PV (unblinded)
- WBT-NIBSC: Innsbruck (run 3)
o
. -
o fua]
w0l

oD
-

<
™
™ =
0 - =
=
=
o
g = _ o = e e =

C-  C+ G-0(1)G-0(2)H-0(1)H-0(2) J-0(1) J-0(2) G-0.5 H-0.5 J-0.5 G-1 H-1

controls and substances

J-1

May 2008

March, 2006

Figure. 5.2.6 C: Three different drugs were spiked (blinded) with WHO-LPS at 0.0, 0.0, 0.5 and
1.0 IU/ml, respectively. Experiment was run 3 time independently at the Innsbruck laboratory

(readout of the IL-6 ELISA).
G = Gelafundin; J = Jonestreril; H = Heamate.

C- = negative control (saline); C+ = positive control (0.5 IU/ml in saline).
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Figure. 5.2.7: Coefficient of variation (CV) of different WHO-LPS spikes (0.0, 0.0, 0.5 and 1.0
[U/ml, respectively).from the experiments as shown in fig. 5.2.6 A-C.

G = Gelafimdin; J = Jonestrerii; H = Heamate.

NC = negative controle {saline); PC is positive conrole (0.5 TU/m} in saline}).

53 Statistics

Describe the statistical approach used to evaluate the daia resulting from studies
conducted with the proposed test method.

A generally applicable analytical procedure was empioyed. This procedure includes a
universal PM as well as quality criteria. First, a two-step procedure consisting of a
variance-criterion and an outlier-test was applied. For this, the Dixon’s test (Barnett and
Lewis, 1984), which is USP approved, was chosen with the significance level of a=0.01
and applied to identify and eliminate aberrant data.

Next, the negative and the respective positive control are compared to ensure a suitable
limit of detection. For this, a one-sided t-test with a significance level of a=0.01 is
applied to the [n-transformed data to ensure that the response to the positive control is
significantly larger than that of the respective negative control.

Finally, the samples are classified as either negative or positive by the outcome of a one-
sided version of the t-test, which is based on the assigned pyrogen threshold value. The
final results will be given in 2 x 2 contingency tables (table 5.3.1). These tables allow for
estimation of accuracy (sensitivity and specificity) and reproducibility of the proposed
test method.
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Table 5.3.1: 2x2 contingency table.

pre-defined class
(“truth”) >)
1 0
Classification 1 a b atb =n;
by test system
and PM 0 ¢ d cHd=mo
) atc=n; | b+d=n, n

Accuracy:
The most important statistical tool to determine accuracy (specificity and sensitivity) is

the PM (Hothorn, 1995). In general, it is a statistical model, which classifies a given drug
by an objective diagnostic or deciding rule. The objective of a dichotomous result
requires a clear cut PM, which assigns a drug in one of the two classes “pyrogenic for
humans” and “non-pyrogenic for humans”. Since a threshold pyrogen value will be used,
a one-sided test is appropriate for the task. Because the data are normalised by a In-
transformation, a t-test is chosen. Although the variances over the range of concentration
converge by the transformation, the assumptions of equal variances do generally not hold
true, because it depends on additional covariates. Therefore, the one sided Welch-t-test
(Snedecor and Cochran, 1989) is applied. Due to the safety aspect of the basic problem,
the hypotheses of the test are

Hy:pg; >ug, vs Hyotug; <ug,,

where u denotes the parameter of location of the respective In-transformed distribution.

This approach controls the probability of false positive outcomes directly by means of its
significance level o, which is chosen as 0.01, because is assumes hazard, respectively

pyrogenicity, of the tested drug in /, and assures safety, i.e. non-pyrogenicity. The test
statistic is

T, =

The PM is built by means of the outcome of the test. Let 0 denote safety and 1 denote
hazard. The classification of S;-j is then determined by

Sj=01i Ty, >t

0.99;ng, +ng, ;=22
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Sj =1, else,
where 7,4, ,, _, the 0.99-quantile of the t-distribution with ng, + ng , -2 degrees of

freedom. The number of replicates for every control and sample, i.e. n_, was harmonised
to be four. Due to the possibility of removing one observation by the outlier test, the
number of replicates could be reduced to three. The classification of a version of a drug is
regarded as an independent decision. Therefore, the niveau a is local.

Finally, the classifications of the drugs will be summarised in 2x2 contingency table
(table 3). From these tables, estimates of the sensitivity (Sk), i.e. the probability of
correctly classified positive drugs and specificity (Sp), i.e. the probability of correctly
classified negative drugs, will be obtained by the respective proportions. Where

Sg=a/(a+c) *100%
and
Sp=d/(b+d) *100%.

Furthermore, these estimates will be accompanied by confidence intervals, which will be
calculated by the Pearson-Clopper method (Clooper & Pearson, 1934). For example, let
D denote the proportion, namely the sensitivity, under investigation. Then the

confidence interval to a niveau o is calculated as

(a +1 "
2(a+1}2(n,_—a),1—E

.U

sPsgp = ,
n, —a+l+all u nl—a+(a+l)F .
’ 2a;2(n|'—a+1),5 ’ 2(a+1),2(nl‘—a)1—5

2a;2(n,A—a+l}%

L
Psg =

where F_ denotes the respective quantile of the F-distribution and n; is the sample size
of the positive drugs and a the number of correctly classified drugs.

By contaminating the drugs artificially and by defining a threshold value, which is
assumed to be appropriate, the class of a drug is determined beforehand. The versions of
drugs, which are effectively contaminated, but below the threshold dose, are considered
to be negative, respectively safe, because their contamination is not crucial for humans in
terms of ELC.

Reproducibility:

The analysis of the intra- and interlaboratory reproducibility was assessed from the three
identical and independent runs conducted in each of 3 laboratories. The comparison of
the three runs was carried out blindly such that the testing facility did not know the true
classification of the sample, either pyrogenic or non-pyrogenic. By this procedure only
the randomness and reproducibility of the methods was assessed and not systematic
errors, which may have arisen from other sources, e.g. logistics or preparation of the
samples. This means that if a sample was (mis)classified in all three runs the result is
reproducible regardless of the (mis)classification of the sample. Therefore, a measure of
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similarity, i.e. complete simple matching with equal weights, was preferred to the
coefficient of correlation for 2x2 contingency tables.

The study was designed as follows: each laboratory had to conduct three independent
runs with the same 12 samples (3 test items with 4 blinded spikes each) and two controls,
i.e. saline as a negative control (C-) and a 0.5 EU/ml LPS-spike in saline as a positive
controls (C+). The samples were derived from the three substances Gelafundine,
Haemate and Jonosteril. Per run, each substance was blindly spiked twice with saline,
once with 0.5 EU/ml LPS and once with 1 EU/ml LPS, which resulted in a balanced
design with regard to positive and negative samples, i.e. samples expected to be
pyrogenic and non-pyrogenic, respectively.

The three independent runs per testing facility provide the information on which the
assessment of the intralaboratory reproducibility is based. The combined results of the
three runs per testing facility were used to determine interlaboratory reproducibility.
The correlation of the prediction (in terms if the Bravais-Pearson coefficient of
correlation) between all runs is calculated, independent of whether that classification is
true or false. A BP-correlation of 1 is calculated, if two runs gave exactly the same
predictions for the twelve substances. If one run gives adverse classifications for all
substances than the other, the correlation is —1. As these calculations do not need
information of the true status of a sample, they were carried out blinded.
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5.4 Tabulated results

Provide a summary, in graphic or tabular form, of the results.
See tables 5.4.1 and 5.4.2.

May 2008

March, 2006

Table 5.4.1: Results of testing 3 substances 3 times by 3 laboratories. Classifications
after applying the prediction model (compare to fig. 5.2.5)

Sample DL (NIBSC) NL 1 (Basel) NL 2 (Innsbruck)
Runl Run2 Run3 |Runl Run2 Run3 |Runl Run2 Run3

G-0(1) 0 0 0 0 0 0 0 0 0
G-0(2) 0 0 0 0 0 0 0 0 0
H-0 (1) 0 0 0 0 0 0 0 0 0
H-0 (2) 0 0 0 0 0 0 0 0 0
J-0 (1) 1 0 1 0 0 0 0 0 0
J-0 (2) 1 0 1 0 0 0 0 0 0
G-05 1 1 1 0 1 1 1 1 1
H-05 1 0 1 0 0 0 0 0 0
J-05 1 1 1 1 1 1 1 1 1
G-1 1 1 1 1 1 1 1 1 1
H-1 1 1 1 0 0 0 0 0 0
J-1 1 1 1 1 1 1 1 1 1

“0”denotes “non-pyrogenic”; “1” denotes “pyrogenic”.

Table 5.4.2:

Results of the validation study of 10 drugs, spiked with WHO-LPS at 0.0, 0.25, 0.5, 0.5
and 1.0 IU/ml, respectively and tested in 3 different laboratories. Samples and spikes
were blinded. Classifications after applying the prediction model (compare to fig. 5.2.7).

drug (code)

spike
EU/ml

“truth” PEI

results
Basel

Innsbruck

Beloc (BE)

0.00
0.25
0.50
0.50
1.00

0

[ S O

N = )

—_ e = o o

0

- S

Binotal (BI)

0.00
0.25
0.50
0.50
1.00

Ethanol 13% (ET)

0.00
0.25
0.50
0.50
1.00

S| = = m o o= = = e o

S| = = m e o= = = e o

S| = = o O = o o o <

S| = e = o O = o o o <

Fenistil (FE)

0.00
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drug (code)

spike
EU/ml

“truth”

PEI

results
Basel

Innsbruck

0.25
0.50
0.50
1.00

0

0

0

Glucose 5% (GL)

0.00
0.25
0.50
0.50
1.00

"Drug A" 0.9% NaCl (LO)

0.00
0.25
0.50
0.50
1.00

MCP (ME)

0.00
0.25
0.50
0.50
1.00

e I R N R e O Y

Z Z
> = 5

"Drug B" 0.9% NaCl (MO)

0.00
0.25
0.50
0.50
1.00

Orasthin (OR)

0.00
0.25
0.50
0.50
1.00

S| = m = o o e

—

Sostril (SO)

0.00
0.25
0.50
0.50
1.00

L T L T B O B S — S S O T T T I O SN I O N

N )

e R s T T T T T S e R N O S S S B O Y = ==

L T L T S B B S S B S Y O

“0”denotes “non-pyrogenic

5.5 Coding of data

99, 66199
;1

denotes “pyrogenic”; NA is not assessed.

May 2008

March, 2006

For each set of data, indicate whether coded chemicals were tested, whether experiments
were conducted without knowledge of the chemicals being tested, and the extent to which
experiments followed GLP guidelines.

Blinding of drugs and/or spikes is indicated with the data.
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5.6 Circumstances
Indicate the “lot-to-lot” consistency of the test substances, the time frame of the various
studies, and the laboratory in which the study or studies were conducted. A coded

designation for each laboratory is acceptable.
In each part of the study, all samples are derived from one (clinical) lot.

5.7 Other data available

Indicate the availability of any data not submitted for external audit, if requested.
All relevant data were submitted with the present BRD.
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6 Test Method Accuracy

6.1 Accuracy

Describe the accuracy (e.g., concordance, sensitivity, specificity, positive and negative
predictivity, false positive and negative rates) of the proposed test method compared with
the reference test method. Explain how discordant results in the same or multiple
laboratories from the proposed test were considered when calculating accuracy.

Test method accuracy was assessed in two large scale experiments performed with the
drugs outlined in table 3.3.1 and table 3.3.2 in section 3 respectively. As described before
one experiment was performed in an early stage of the study with 3 different drugs, tested
3 times and the other final experiment all drugs were tested once in the three participating
laboratories. From the first experiment a preliminary estimate of sensitivity and
specificity can be figure out, whereas the second is regarded as the established accuracy
for the WB/IL-6 assay.

6.1.1 Preliminary estimate of the accuracy of the WB/IL-6 test. In an early stage of
the study a different concept for interference testing was used. The developing
laboratories determined for each drug (outlined in table 3.3.2, section 3.3) the smallest
dilution within the MVD that showed no interference or an acceptable degree of
interference with the spike recovery. In general the lowest dilution of the sample allowing
for a 50-200% spike recovery was chosen. In addition, the positive control (PC) set at 0.5
EU/ml saline was used as the classification threshold. The laboratory procedure as
described in the method protocol was maintained throughout the study. Although it was
realized there were some drawbacks to the concept for interference testing and applying
the PC as a threshold, this small-scale study allows for a preliminary estimate of the
accuracy of the WB/IL-6 method.

It has to be noted that this part of the study was designed to provide an estimate of the
intra- and interlaboratory reproducibility. Therefore it will also be discussed in detail in
section 7 (Test Method Reliability).

According to the PM applied during an early phase of the study the outcome
(positive/negative) is related to the positive control (PC=0.5 EU/ml). If absorbance of
sample > absorbance of PC, then the sample is classified as positive. If absorbance of
sample < PC, then the sample is classified as negative. While performing the experiments
during this phase it was realized that there is a flaw between interference testing and the
PM. After the interference testing, the lowest dilution of the sample allowing for a 50-
200% spike recovery was chosen. It is obvious that even with a flawless repeatability of
the assay; a spike recovery between 50%-100% would be classified as negative according
to the preliminary PM. In addition, due to unforeseen problems with the preparations of
the spike, the recovery of the spikes was far below 100%. (This is outside the scope of
the study and will not be discussed). As a consequence of the employed preliminary setup
of the study the sensitivity will be underestimated, and the specificity will be
overestimated.
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In short, three test substances were spiked with WHO-LPS at four levels (0, 0, 0.5 and
1.0 EU/ml respectively), which resulted in 12 samples with a balanced design with regard
to positive and negative samples (i.e. samples expected to be pyrogenic and non-
pyrogenic respectively. These 12 sample were three times tested in three laboratories. In
total there were 108 classifications from 12 samples in 3 runs and in 3 laboratories
(3x3x12=108). Results are described in detail in section 7. A 2x2 contingency table was
constructed (table 6.1.1), from which the estimates of sensitivity and specificity can
easily be derived.

Table 6.1.1: 2x2 contingency table. The prediction model applied to a preliminary study.

True status of samples Total
+ -
PM + 40 4 44
- 14 50 64
Total 54 54 108

The specifications of specificity and sensitivity described in section 5.3 were applied to
these results and the specificity (Sp) of the WB/IL-6 assay is 93% (50/(4+50)*100%),
95% confidence interval [0.821; 0.979]. The sensitivity (Se) equals 74%
(40/(40+14)*100%), 95% confidence interval [0.603; 0.850]. As outlined previously the
specificity is overestimated and the sensitivity is underestimated as a result of the design
of this part of the study.

6.1.2 Test method accuracy of the proposed WB/IL-6 method. To assess accuracy of
the proposed method, 10 substances (listed in table 3.1.1, section 3) were spiked with five
different concentrations of the WHO-LPS (one of which is negative). Thus, in total, 50
samples have been tested in each laboratory.

To permit the application of the chosen PM, each drug was diluted to its individual
MVD, which has been calculated using the ELCto that drug (listed in section 3). Lesser
dilutions were tested by the DL, and showed no interference. Therefore interference was
not expected at the individual MVD. Each substance had their own specific set of
endotoxin spike solution, ensuring that after spiking the undiluted drug, it contained 0.0;
0.25; 0.5; 0.5 and 1.0 EU/ml respectively when tested at its MVD. A detailed description
of the sample preparation was supplied to the three independent laboratories (shown in
table 5.1.1 for convenience). To put more weight to the result of this part of the
validation, the spikes were blinded and coded by QA ECVAM. The raw data and the
graphical presentation of these raw data are shown in the section 5 (table 5.4.2).
Accuracy was assessed by applying the PM to the results (summarized in table 5.3.2) and
evaluating the concordance in this section in a two by two contingency table (table 6.1.2).
As described above 10 substances, spiked with 5 different WHO-LPS concentrations
were tested in three laboratories and consequently a maximum of 150 data were available
for analysis.

As intralaboratory reproducibility was successfully shown in previous experiments
(analyzed in section 7), only one run performed in each laboratory was considered
sufficient.
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Table 6.1.2: 2x2 contingency table. Prediction model applied to the WB/IL-6 test result
of 10 different substances assessed in three different laboratories.

True status of samples Total
+ -
PM + 79 2 81
- 10 57 67
Total 89 59 148

Of the 150 available data, two sets of data had to be removed from the analysis because

the coding of the samples was mixed up by the testing laboratory. All quality criteria as

defined in the method protocol were met. The specificity and sensitivity of the WB/IL-6
method could be estimated as described in section 5.3.

The specificity of the WB/IL-6 assay is 96.6% (57/(2+57)*100%), 95% confidence
interval [0.883; 0.996]. The sensitivity equals 88.8% (79/(79+10) *100%), 95%
confidence interval [0.803;0.945]. (See table 6.1.3). The specificity varied from 89% up
to 100% within the three laboratories, and the sensitivity varied from 83% up to 100%.

Table 6.1.3: Specificity and sensitivity of the WB/IL-6 assay

N total N correctly proportion 95% CI 95% CI
identified lower limit upper limit
Specificity (Sp) 59 57 96.6% 88.3% 99.6%
Sensitivity (Se) 89 79 88.8% 80.3% 94.5%

6.2 Concordancy to in vivo reference method

Discuss results that are discordant with results from the in vivo reference method.
Not applicable.

6.3 Comparison with reference methods

Discuss the accuracy of the proposed test method compared to data or recognized
toxicity from the species of interest (e.g., humans for human health-related toxicity
testing), where such data or toxicity classification are available. This is essential when
the method is measuring or predicting an endpoint for which there is no preexisting
method. In instances where the proposed test method was discordant from the in vivo
reference test method, describe the frequency of correct predictions of each test method
compared to recognized toxicity information from the species of interest.

Not applicable.

6.4 Strength and limitations

State the strengths and limitations of the proposed test method, including those
applicable to specific chemical classes or physical-chemical properties.

It appears the proposed test is applicable to most classes of medicinal products, at least
those that are non- or low-toxic to cells in vitro. In addition, the test may be employed to
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assess pyrogenicity of various medical devices, such as (biological) bovine collagen bone
implants.

6.5 Data interpretation

Describe the salient issues of data interpretation, including why specific parameters were
selected for inclusion.
No issues.

6.6 Comparison to other methods

In cases where the proposed test method is mechanistically and functionally similar to a
validated test method with established performance standards, the results obtained with
both test methods should be compared with each other and with the in vivo reference test
method and/or toxicity information from the species of interest.

Not applicable.
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7 Test Method Reliability (Repeatability/Reproducibility)

7.1 Selection of substances

Discuss the selection rationale for the substances used to evaluate the reliability
(intralaboratory repeatability and intra- and interlaboratory reproducibility) of the
proposed test method as well as the extent to which the chosen set of substances
represents the range of possible test outcomes.

The rationale for the selection of the substances is described in section 3.3. In short: for
the present studies endotoxin (WHO-LPS) was selected as the model pyrogen, since it is
well defined biological standard and readily available. Selected test substances were
medicinal products available on the market. These batches are released by the
manufacturers and comply with the Marketing Authorisation file and European
Pharmacopoea. Therefore these batches are considered to contain no defectable pyrogens.
To test the method reliability the medical products were spiked with endotoxin.

7.2 Results

Provide analyses and conclusions reached regarding the repeatability and
reproducibility of the proposed test method. Acceptable methods of analyses might
include those described in ASTM E691-92 (13) or by coefficient of variation analysis.

In an early phase of the study, the intralaboratory repeatability and reproducibility of the
test method was assessed in a series of experiments conducted in the DL. Series of blanks
(saline, 0 EU/ml) and spikes of WHO-LPS in saline were tested. These experiments (1A,
1B, 2B and 2C) are summarized in table 7.2.1.

Table 7.2.1: Summary of experiments with WHO-LPS in saline.

Experiment Spikes (EU/ml) in saline n (per spike) | Repetitions of | N
experiment

1A 0; 0.5 20 1 40

1B 0; 0.063; 0.125; 0.25; 0;5 10 1 50

2B 0; 0.25; 0.5 8 3 72

2C 0; 0.5 5 8 80

The data were used to answer questions regarding the nature of the distribution, the
variance and its behavior over the range of response in replicated measurements under
identical conditions. In addition, reliability of the test method was assessed by the
maintenance of minimum criteria, e.g. a detection limit below an a-priori chosen positive
control or a dose-dependent standard curve (table 7.2.1, experiment 1B). With the data of
this experiment an assessment of the limit of detection of the test can be done by
calculating the smallest spike, which can be discriminated from the blank.

The second group of experiments was meant to analyze the variation in detail. For this
purpose the major sources of variation were assessed separately, i.e. behavior of a donor
in time (experiment 2A), operator (exp. 2B) different donors (exp.2C). A total of 242
data were collected and analyzed.
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First the shape of the distribution at a spike was assessed (not shown). Most of the data
showed normal-distribution.

Based on the experience that there is a monotone increasing relationship between the
mean-responses and the variation (empirical variance or standard deviation), the analysis
focuses on the coefficient of variation (CV). The CV should be distributed symmetric
around a constant factor, if the mean-variance relationship is linear. A plot of all CVs
against their corresponding means is shown in figure 5.2.1. From the figure it is clear that
at this stage of the study, the CV for some sets of replicates of the blanks is exceptionally
high with CV 0.5 and 0.9. (From subsequent studies it appeared that this high variation of
the blanks was just an incident). For the spikes with WHQO-LPS, the variation for the sets
of replicates is low. As only WHO-LPS was examined up to this point, it was envisaged
that the CV would increase with other substances being tested. For CV criteria applied as
a validity criteria of the WB/IL-6 assays, the CV was arbitrarily set at CV<0.4.

The outliers were identified on the assumption of normally distributed data as well as a
log-normal distribution. At this point the Grubbs-test was chosen and the kind of outlier
(lower or upper) and the significance level o (5% and 1% significance level) were
recorded. Altogether there were | land 8 outliers identified for the assumption of
normality and Jog-normality respectively. Overall the amount of outliers is about 3.5-4%.
The outliers were located all over the ELISA-plates and there was no obvious scheme. In
addition, the raw data (plate-readouts) showed no obvious edge-effects or trends.

The results of test 1A (figure 5.2.2) show a Jow variation and the spike of 0.5 EU/ml was
clearly detected. Test 1B showed a higher variation and the 0.25 EU/ml spike hardly
discriminated from the blank (figure 5.2.2, one outlier for the blank, one outlier for the
0.063 EU/ml-spike). However the highest spike (0.5 EU/ml) can be detected easily.

Test 2A was included to assess the behavior of a donor in time. The blood of one donor
was employed twice on different dates. Data are presented in figure 5.2.3. In both
experiments the response of the donor are similar. In comparison with the (higher)
variation between different donors (test 2C), the variation of a suitable donor is low and
is considered to be no critical issue in the WB/IL-6 assay.

Experiment 2B (figure 5.2.4) was conducted by three operators in paralle] with blood
from one donor. Every operator tested eight replicates of three spikes of 0, 0.25 and 0.5
EU/ml-LPS. Obviously the operator has an impact on the results and the variability of the
replicates seems to depend on (the experience of) the operator. Still, the data of the 0.5
EU/ml spikes can be discriminated from their corresponding blanks (after removal of the
outliers).

The final experiment was designed to show the robustness of the assay with respect to
different donors. Therefore 8 donors were involved and for each donor five replicates of
each of the spikes (0; 0.5EU/ml) were generated. Data are presented in figure 5.2.5. Some
variation in sensitivity for LPS between the donors is obvious. But every donor reacts to
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the 0.5 EU/ml-spike. This experiment reveals that there is a certain effect of the covariate
“donor” which is however not crucial, at least not with regard to a qualitative PM.

In conclusion: The most critical issue identified is the variation within the sets of blanks,
but this is probably caused by the handling of the assay. The WB/IL-6 assay is robust
against all examined variables. Although the experiments revealed an effect for the
covariates “blood donor”, “operator” and “day”, the sensitivity of the assay is about 0.25
EU/ml and at least 0.5 EU/ml for all experiments. Therefore the intralaboratory
repeatability is considered satisfactory. The 3-4% percentage outliers, as determined by
the Grubbs test is considered acceptable. The validity criteria of the WB/IL-6-assay as
recorded in the method protocol, are based on these experiments, i.e. CV< 0.4, lower

limit of detection 0.5 EU/ml.

Intra- and interlaboratory reproducibility.

After transfer of the WB/IL-6 assays to two other laboratories, a dose response
experiments was performed by all three laboratories. For this study 7 concentrations
were tested in a dose response curve (0, 0.125, 0.25, 0.5, 1, 2, 4 EU/ml, at least 8
replicates). A participating laboratory qualified for taking part in the next part of the
study by producing a dose response curve, with a limit of detection of at least 0.5 EU/ml
and a CV < 0.4 (data not shown).

The intra- and interlaboratory reproducibility was assessed by testing 3 different
medicinal substances, Gelafundin, Jonosteril and Haemate (described in table 3.3.2,
section 3.3.). Test substances and their spikes were appropriately blinded. Test substances
were tested, at a predefined dilution above the MVD, independently in 3 different
laboratories, 3 times each. The three test substances were spiked with WHO-LPS at four
levels (0, 0, 0.5 and 1.0 EU/ml respectively), which resulted in 12 samples with a
balanced design with regard to positive and negative samples (i.e. samples expected to be
pyrogenic and non-pyrogenic respectively. In addition a negative control (saline) and
positive control (0.5 EU/ml in saline) were included to establish assay validity. To avoid
interference, the DL performed interference testing in terms of the BET, i.e. 50-200%
spike recovery, and decided on the dilution of the test substances. Dilutions chosen for
Gelafundine, Haemate, Jonosteril were 1:2, 1:4 and 1:1 respectively. The results are
graphically presented using the absorbance values of the three runs (shown in section 5,
fig. 5.2.5).

From the experiment with LPS-WHO only it was concluded that CV for the WB/IL-6
assay is < 0.4, which is acceptable. It was envisaged that the CV was likely to be higher
when testing different substances (different matrices) and was assessed for the current set
of data. A plot of all CVs for all sets of 4 replicates of a drug with a spike is shown in
figure 5.2.7. From the figure it is clear that the CV for a set of 4 replicates of one spike
concentration is usually below 0.45, which is considered acceptable for a biological
assay. Only one set of data showed an exceptional high (CV>1.1) which is probably due
to a pipetting error. For the remainder of the studies the CV criteria applied as validity
criteria of the WB/IL-6 assays was arbitrarily set at CV<0.45.
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The analysis of the intralaboratory reproducibility was assessed from the three identical
and independent runs conducted in each laboratory. The comparison of the three runs was
carried out blindly such that the laboratory did not know the true classification of the
sample (either pyrogenic or non-pyrogenic). By this procedure only the randomness and
reproducibility of the methods was assessed and not systematic errors, which may have
arisen from other sources, e.g. logistics or preparation of the samples. This means that if a
sample was misclassified in all three runs the result is 100% intralaboratoryoratory
reproducible (regardless of the misclassification of the sample).

According to the preliminary PM applied during this phase of the study the outcome
(positive/negative) was related to the positive control (PC=0.5 EU/ml). If absorbance of
sample > absorbance of PC, then sample is classified as being positive. If absorbance of
sample < PC, sample is classified as negative (positive/pyrogenic = 1, negative/non-
pyrogenic = 0).

During this phase it was realized that there is a flaw between interference testing and the
PM. After the interference testing, the lowest dilution of the sample allowing 50-200%
spike recovery was chosen. It is obvious that even with a flawless repeatability of the
assay, a spike recovery between 50%-100% would be classified as negative according to
the preliminary PM.

From the three independent runs summarized in table 5.4.1, the intralaboratory
reproducibility can be calculated for the separate laboratories (table 7.2.2). For these
calculations there is no need for information of the true status of the sample. A minimum
criterion for the establishment of an assay is that experiments carried out with the same
samples should result in a high concordance of classifications.

Each of the assays performed by the laboratories fulfilled the sensitivity criterion, i.e. the
assays showed a significant difference between C- and C+. All results could be included
in the analysis. From table 7.2.2 it can be read that the between runs reproducibility
ranges from 75 to 100%. The mean intralaboratory reproducibility is very good (83 —
100%) for all three participating laboratories.

Table 7.2.2 : Intralaboratory reproducibility, assessed by correlation between different runs.
Result of testing 3 substances 3 times by 3 laboratories.

DL (NIBSC) NL1 (Basel) NL2 (Innsbruck)
Run 1 - Run 2 75% (9/12) 92% (11/12) 100% (12/12)
Run 1 - Run 3 100% (12/12) 92% (11/12) 100% (12/12)
Run 2 - Run 3 75% (9/12) 100% (12/12) 100% (12/12)
Mean 83% 94% 100%
Proportion showing the
same result in 3 runs 75% 92% 100%
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The interlaboratory reproducibility of the WB/IL-6 method was assessed in a similar
manner to the intralaboratory reproducibility. A summarizing method to combine the
three runs per laboratory is considered not appropriate, because it would mask
misclassification. Therefore each run of one laboratory was compared with all runs of
another laboratory. This results optimally in 108 comparisons between the data sets of
two laboratories. The measure of similarity is then the proportion of equally classified
samples. These proportions are summarized in table 7.2.3, show that there is a good
interlaboratory reproducibility varying from 72 - 97% (overall mean: 81%).

Table 7.2.3: Interlaboratory reproducibility. Assessed by interlaboratory correlations. Result
of testing 3 substances 3 times by 3 laboratories.

Laboratories Interlaboratory Number of
Reproducibility equal predictions
DL —NLI1 72% 78 /108
DL —NL2 75% 81/108
NL1-NL 2 97% 105/ 108
Mean 81%

DL = NIBSC; NL1 = Basel; NL2 = Innsbruck

Also from the result of the large-scale study (testing 10 substances spiked with 5 separate
spikes), the interlaboratory reproducibility can be estimated (table 7.2.4). The
reproducibility varied from 85% to 88% between two laboratories. All three laboratories

found the same result for 38 samples out of 48 (equals 79%).

Table 7.2.4: Interlaboratory reproducibility. Assessed by testing of 10 substances, spiked 5

times. One run of 50 samples by three different laboratories.

Laboratories Interlaboratory Number of
Reproducibility equal predictions

DL - NLI1 85% 41/48

DL - NL2 85% 41/48

NL1 - NL2 88% 44 /50

Mean 86%

same result in all 79% 38/48

laboratories

DL =PEI; NL1 = Basel; NL2 = Innsbruck

Conclusion: It is shown that the mean intralaboratory reproducibility, assessed by the
proportion of equally classified samples between different runs varies from 83% to 100%
between the three participating laboratories. The interlaboratory reproducibility between
two laboratories varied from 72% to 97% in one large scale blinded experiment and from
85% to 88% in the other large scale blinded experiment. All three participating
laboratories predicted the same in 79% of the measurements. It has to be noted that part
of the samples was 0.5 EU/ml and close to the arbitrary point of the WB/IL-6 assay.
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7.3 Historical data

Summarize historical positive and negative control data, including number of
experiments, measures of central tendency, and variability.
Not applicable.

7.4 Comparison to other methods

In cases where the proposed test method is mechanistically and functionally similar to a
validated test method with established performance standards, the reliability of the two
test methods should be compared and any differences discussed.

Not applicable.
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8 Test Method Data Quality

8.1 Conformity

State the extent of adherence to national and international GLP guidelines (7-12) for all
submitted data, including that for the proposed test method, the in vivo reference test
method, and if applicable, a comparable validated test method. Information regarding
the use of coded chemicals and coded testing should be included.

The studies were done in accordance to the guidelines for GLP. Written protocols and
approved standard operating procedures were followed during the entire course of the
study. Deviations were recorded and, where appropriate, approved in amendments. All
data are stored and archived. As mentioned, samples were appropriately blinded.

8.2 Audits

Summarize the results of any data quality audits, if conducted.
No audits were conducted.

8.3 Deviations

Discuss the impact of deviations from GLP guidelines or any noncompliance detected in
the data quality audits.
Not applicable.

8.4 Raw data

Address the availability of laboratory notebooks or other records for an independent
audit. Unpublished data should be supported by laboratory notebooks.

All records are stored and archived by the contributing laboratories and available for
inspection.
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9 Other Scientific Reports and Reviews

9.1 Summary

Summarize all available and relevant data from other published or unpublished studies
conducted using the proposed test method.

Relevant data obtained with the proposed method are described in a number of published
studies which are given in Appendix B. The most important results will be summarized
below.

An in vitro monocyte activation test that detected pro-inflammatory and pyrogenic
contaminants, was first applied some 15 years ago (Poole et al., 1988). A number of
variants of the original test system have since been described, although the underlying
principle of each variant remains the same. The test preparation is cultured with
monocyetes, either as peripheral blood mononuclear cells, PBMC, diluted whole blood or
cells of a monocytoid cell line such as MM6. Contaminants in the test article activate
CD14/TLR receptors which stimulates the release of an endogenous pyrogenic cytokine
from the monocytes (Poole and Gaines Das, 2001).

Early studies mainly report on optimization of the test method, e.g. improving the lower
limit of detection, incubation times and cytokine readout, using model pyrogens such as
LPS or endotoxin. Only limited information is available on the actual testing of medicinal
products.

Most interestingly, Taktak et al (1991) described several batches of a medicinal product
(serum albumin) that caused adverse (pyrogenic) reactions in recipients. These lots were
not detected by either BET or rabbit test but only by the in vitro monocytoid cell test.

In a study using whole blood and monocytoid cell lines as the sources of monocytoid
cells (Nakagawa et al., 2002) it was reported that the structurally diverse pyrogens
endotoxin, peptidoglycan, Staphylococcus aureus Cowan 1 and poly(I1.C) all stimulated
the release of cytokines.

The cytokine readout included tumor necrosis factor (TNF), interleukin-1 (IL-1), and IL-
6 (reviewed by Poole and Gaines Das, 2001 and Poole et al., 2003). Other cytokines, e.g.
IL-8, are also produced in large quantities in response to pyrogenic contaminants but their
roles in fever are less well studied. The preferred readout is usually IL-6 because IL-6,
unlike IL-1 and TNF, is secreted entirely into the cell-conditioned medium in large
quantities, thereby permitting its complete estimation (Poole et al, 1988; Poole et al.,
1989 and Taktak et al., 1991). No significant differences were observed in the kinetics or
production levels of IL-6 in whole blood and PBMC (de Groote et al.,1992)

Nakagawa et al. (2002) compared TNF alfa, IL-1b and IL-6 as readout, with diluted
whole blood and a monocytoid cell line (MM6, clone CAS). The structurally diverse
pyrogens endotoxin, peptidoglycan, S. aureus Cowan 1 and poly (IC) all stimulated the
release of more IL-6 than either TNF or IL-1. More importantly, IL-6 was induced by
lower concentrations of each pyrogen.
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It has also been shown that certain pro-inflammatory bacterial components stimulate the
production of IL-6 but not TNF and IL-1 (Reddi et al., 1996), and IL-6 induction via
Toll-like (pyrogen) receptors rapidly follows the recognition of microbial products
(Pasare and Medzhitov, 2003).

It has been recognized before that for the routine applications of cytokine release tests the
simplicity of the whole blood method is more suitable than a test with isolated monocytes
(Schins 1996). Therefore many researchers have focused on the whole blood method.

Good correlation were found between the WB/IL6 assay and the rabbit pyrogen assay for
22 freshly prepared production batches of human serum albumin, fibronectin and
stabilized human serum solutions. None of the products had an effect on the sensitivity of
the WB/IL6 assay whereas the BET gave anomalous results for 1 out the 22 production
batches tested. (Pool, 1998)

Even a strategy to differentiate between endotoxin and non-endotoxin pyrogens, using
Polymyxin B has been suggested (Pool, 1999). Relatively high concentrations of
Polymyxin B inhibits endotoxin-induced IL-6 secretion by whole blood cells. Polymyxin
B could partially inhibit IL-6 induction by 2 batches of HSA that were highly pyrogenic
using the rabbit and the whole blood assay, suggesting that non-endotoxin pyrogens were
present. This was also supported by BET result, showing only a weak positive or
inconclusive result for these batches. However, this challenging idea to differentiate
between endotoxin and non-endotoxin needs further research.

It is stressed throughout these studies using whole blood that only healthy donors not
taking any medication must be used for testing pharmaceuticals. Various drugs such as
cortisone suppress interleukin release and would therefore exclude a blood donor from
the experiment. An infection can stimulate release, as reflected in an increased baseline
value or an abnormally high interleukin response. Therefore, the WB/IL-6 test may only
be used if samples have first been shown not to cause interference. The blood group of
the human donors does not influence the results of the assay.

The pyrogenicity of a complex multivalent vaccine, Infanrix, containing protein and
polysaccharide components from both gram-positive and gram-negative bacteria, was
studied using the WB/IL6 test. The study revealed a large variability in IL6 production by
different donors. Although all blood samples responded to endotoxin, only some donors
significantly responded to Infanrix. (The blood donors histories of vaccinations and
infections were not recorded). Infanrix was negative in the BET, but interfered with the
spike recovery of endotoxin. The significance of this finding with such a complex
mixture as a multivalent vaccine remains to be elucidated.
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9.2 Discussion

Comment on and compare the conclusions published in independent peer-reviewed
reports or other independent scientific reviews of the proposed test method. The
conclusions of such scientific reports and reviews should be compared to the conclusions
reached in this submission. Any ongoing evaluations of the proposed test method should
be described.

The validation described in this BRD is the first time such an extensive study for
specificity and accuracy using actual medicinal products spiked with endotoxin is carried
out. Moreover it is the first time that similar samples were tested in parallel by (at least)
three laboratories. Although the laboratories had not the same level of hands on with this
particular assay, the accuracy is comparable between the three laboratories. There are no
reports in independent peer-reviewed journals available to compare the accuracy in
multiple laboratories, except for the manuscript of Hoffman et al (2005b). It is shown
that validated assays employing, either MM6 cells, whole blood or PBMC have
comparable accuracies.

Quite recently a comparative evaluation for two different in vitro tests for pyrogens,
using PBMC and diluted whole blood respectively, was published (Andrade et al. 2003).
Both tests, with a IL6 readout, were applied to different classes of parenteral medicinal
products. Many of these products did not have a specified ELC that was established as
the MVD to comply with the test. Preparatory tests were conducted to ensure that the
drugs being tested did not interfere in the tests. Both in vitro tests showed a good overall
agreement, both with each other and with the BET and the rabbit pyrogen test for the
detection of endotoxin. The batch of medicinal product failing the rabbit test, was also
positive in BET, whole blood and PBMC test. In addition, the whole blood test was
shown to be sensitive to the fungus C. albicans and the gram-positive bacteria S. aureus.

9.3 Results of similar validated method

In cases where the proposed test method is mechanistically and functionally similar to a
validated test method with established performance standards, the results of studies
conducted with the validated test method subsequent to the ICCVAM evaluation should
be included and any impact on the reliability and accuracy of the proposed test method
should be discussed.

As mentioned, in vitro monocytoid activation test methods for the detection of pyrogenic
contaminants are being developed over the course of the past two decades. A number of
variants have been described, although the underlying principle of each variant remains
the same. The test preparation is cultured with monocytoid cells, either as peripheral
blood mononuclear cells, PBMC, (diluted) whole blood or cells of a monocytoid cell line
such as MM6. Accuracy and specificity of these test methods are comparable, but in
general methods using whole blood, PBMC and the MM6 cell line appear to perform best
(Hoffmann et al, 2005b).

Table 9.3.1 summarises the performance of in vitro methods presented in the five BRDs
and Table 9.3.2 compares the in vivo and in vitro pyrogen tests regarding their strengths,
weaknesses, costs, time, limitations.
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However, most studies (as this one) are done with model pyrogens and as yet little
experience is available in the field, e.g. as part of the final batch release test-package.
Experience and thus confidence in these methods will grow once regulatory authorities
approve these methods and more manufacturers start to employ them. Then, on a case by
case situation, it should be determined which method is best suited for the actual situation
and demonstrates to pick out the appropriate, i.e. pyrogenic batches of the medicinal
product.

Table 9.3.1: Summary of the performance of in vitro pyrogen tests based on
monocytoid cells (see Tables 7.2.2; 7.2.4; 6.1.3)

Read- Intralabor"a't(?ry Interlabor"a't(?ry Sensitivity Specificity
Test System out reproducibility | reproducibility (%) (%)
(%) (%) ’ ’
ol DL: 83.3 DL-NLI: 85.4
WB/IL-6 ;Vl °§ IL-6 NLI1: 94.4 DL-NL2: 85.4 88.9 96.6
00 NL2: 100 NLI-NL2: 92.0
ol DL: 88.9 DL-NLI: 72.9
WB/IL-1 gl °§ IL-18 NLI: 95.8 DL-NL2: 81.6 72.7 93.2
00 NL2: 94.4 NLI-NL2: 70.2
DL-NLI: 88.1
96-wells whole
. IL-1B . DL-NL2: 89.7 98.8 83.6
WB/IL-1 blood NLI-NL2: 91.5
cryo DL-NL1:91.7
Vf,l;/‘;l(_’l whole | TL-1p ; DL-NL2: 91.7 97.4 81.4
blood NLI1-NL2:91.7
cryo DL-NL1: 83.3
KN CRYO | whole | IL-18 . DL-NL2: 100 88.9 94.4
WB/II-1 * blood NL1-NL2: 83.3
DL: 94.4 DL-NLI: 84.0
PBMC/IL6 | PBMC | IL-6 NLI: 100 DL-NL2: 86.0 92.2 95.0
NL2: 94.4 NLI-NL2: 90.0
DL-NLI: 96
CRI;?(I)‘/‘I(L'_ 63| PBMC | IL6 ; DL-NL2: 76 933 76.7
NLI-NL2: 80
MM6 I\?LL{_ 1920 A DL-NLI: 90.0
MMG6/IL-6 IL-6 NL2. 944 DL-NL2: 89.6 95.5 89.8
. NLI-NL2: 83.3

DL = developing laboratory; NL1, NL2 = naive laboratory 1 and 2

1 = data provided in Section 13 of WB/IL-1 BRD

2 = data provided in Section 13 of CRYO WB/IL-1 BRD

3 = data provided in Section 13 of PBMC/IL-6 BRD

Table amended from Hoffmann et al 2005b; results with THP cells not included
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Table 9.3.2: Comparison of the in vivo and in vitro pyrogen tests regarding their

strengths, weaknesses, costs, time, limitations

Rabbit pyrogen test

BET /LAL

In vitro pyrogen test

Test materials

Liquids

Clear liquids

Liquids, potentially
cell preparations, solid
materials

Pyrogens covered

All (possible species
differences to humans

Endotoxin from
Gram-negative

(probably) all

(LPS)

down to 0,01 EU)

for non-endotoxin bacteria
pyrogens)
Limit of detection 0,5 EU 0,1 EU (some variants | 0,5 EU (validated

PM), some variants
down to 0,001 EU

Ethical concerns

Animal experiment

About 10% lethality
to bled horseshoe
crabs

Some assays: blood
donation

negative control
included, strain
differences, stress
affects body
temperature

different bacterial
species in mammals
not reflected, false-
positive for glucans

Costs* High (200- Low (50- Medium (100-
600%/sample) 150%/sample) 350%/sample)
Time required 27h 45 min 24-30h**
Materials not Short-lived Most biologicals, Not known (some of
testable radiochemicals, glucan-containing the materials not
anesthetics, sedatives, | preparations (herbal testable in rabbits
analgetics, medicinal products, require adaptations)
chemotherapeutics, cellulose-filtered
immunomodulators, products), lipids,
cytokines, microsomes, cellular
corticosteroids therapeutics
Others No positive or Potency of LPS from | Possible donor

differences, need to
exclude hepatitis/HIV
and acute infections /
allergies of donors,
dedifferentiation of
cell lines

* = We consulted the laboratories participating in the validation study and a consultant regarding the costs
of the tests. The figures we received vary significantly depending on the facility (e.g. industry, contract
laboratory, control authority), frequency of testing, specific test requirements, country, etc.

** = interference testing might increase duration by 24 hours
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10 Animal Welfare Considerations (Refinement, Reduction, and
Replacement)

10.1 Diminish animal use

Describe how the proposed test method will refine (reduce or eliminate pain or distress),
reduce, or replace animal use compared to the reference test method.

Depending on the medicinal product, one of two animal-based pyrogen tests is currently
prescribed by the respective Pharmacopoeias, i.e. the rabbit pyrogen test and the bacterial
endotoxin test (BET). The rabbit pyrogen test detects various pyrogens but alone the fact
that large numbers of animals are required to identify a few batches of pyrogen-
containing samples argues against its use. In the past two decades, the declared intention
to refine, reduce and replace animal testing, has lowered rabbit pyrogen testing by 80%
by allowing to use the BET as an alternative pyrogen test for certain medicinal products.
Bacterial endotoxin is the pyrogen of major concern to the pharmaceutical industry due to
its ubiquitous sources, its stability and its high pyrogenicity. With the BET, endotoxin is
detected by its capacity to coagulate the amoebocyte lysate from the haemolymph of the
American horseshoe crab, Limulus polyphemus, a principle recognised some 40 years ago
(Levin and Bang, 1964). In the US, Limulus crabs are generally released into nature after
drawing about 20% of their blood and therefore most of these animals survive. However,
the procedure still causes mortality of about 30,000 horseshoe crabs per year, which adds
to more efficient threats of the horseshoe crab population like its use as bait for fisheries,
habitat loss and pollution.

The proposed test method is an alternative for the rabbit test and the BET. By replacing
the rabbit test or the BET, the lives of rabbits and horseshoe crabs are spared.

10.2 Continuation of animal use

If the proposed test method requires the use of animals, the following items should be
addressed:

10.2.1 Describe the rationale for the need to use animals and describe why the
information provided by the proposed test method requires the use of animals (i.e.,
cannot be obtained using non-animal methods).

Not applicable.

10.2.2 Include a description of the sources used to determine the availability of
alternative test methods that might further refine, reduce, or replace animal use for this
testing. This should, at a minimum, include the databases searched, the search strategy
used, the search date(s), a discussion of the results of the search, and the rationale for
not incorporating available alternative methods.

Not applicable.

10.2.3 Describe the basis for determining that the number of animals used is appropriate.
Not applicable.
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10.2.4 If the proposed test method involves potential animal pain and distress, discuss the
methods and approaches that have been incorporated to minimize and, whenever
possible, eliminate the occurrence of such pain and distress.

Not applicable.
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11 Practical Considerations

11.1  Transferability

Discuss the following aspects of proposed test method transferability. Include an
explanation of how this compares to the transferability of the in vivo reference test
method and, if applicable, to a comparable validated test method with established
performance standards.

In general, the proposed test method is not unlike other bioassays and immunoassays that
are performed routinely in many laboratories.

11.1.1 Discuss the facilities and major fixed equipment needed to conduct a study using
the proposed test method.

No extraordinary facilities are required. General laboratory equipment and analytical
instruments for performing immunoassays, e.g. microtiter plate reader and —washer, are
sufficient to perform the proposed test method.

11.1.2 Discuss the general availability of other necessary equipment and supplies.

All supplies and reagents are readily available on the market. In contrast, availability of
sufficient rabbits of adequate weight and in good health for the in vivo reference test is
sometimes reported a limitation.

It is stressed throughout these studies using whole blood that only healthy donors not
taking any medication must be used for testing pharmaceuticals. Various drugs such as
cortisone suppress interleukin release and would therefore exclude a blood donor from
the experiment. An infection can stimulate release, as reflected in an increased baseline
value or an abnormally high interleukin response.

11.2  Training

Discuss the following aspects of proposed test method training. Include an explanation of
how this compares to the level of training required to conduct the in vivo reference test
method and, if applicable, a comparable validated test method with established
performance standards.

11.2.1 Discuss the required level of training and expertise needed for personnel to
conduct the proposed test method.

The proposed test method requires personnel trained for general laboratory activities in
cell biology and immunochemistry or biochemistry. Techniques they should master are
not unlike cell culture (aseptic operations) and immunological techniques (especially
ELISA). Such expertise is available in most if not all QC-laboratories.

11.2.2 Indicate any training requirements needed for personnel to demonstrate
proficiency and describe any laboratory proficiency criteria that should be met.
Personnel should demonstrate that they master the execution of the test. The candidate
should demonstrate to meet all the appropriate assay acceptance criteria and yield
accurate results (outcome) using selected test items.
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11.3 Cost Considerations

Discuss the cost involved in conducting a study with the proposed test method. Discuss
how this compares to the cost of the in vivo reference test method and, if applicable, with
that of a comparable validated test method with established performance standards.

Two factors contribute to the cost of the proposed test method: cost of the reagents and
especially personnel.

Since the proposed test method is relatively more labor-intensive, it is estimated that the
cost of the proposed test method is more then the BET or the in vivo reference test using
rabbits. Obviously, a higher throughput of tests (runs/year) such as in a QC-laboratory of
a multi-product facility or in a Contract Research Organization will significantly reduce
the costs per assay.

However, especially with pharmaceuticals of biological origin, the proposed test method
may be cost-effective, since these products all to often are incompatible with the BET
and by their nature preclude the re-use of the rabbits.

11.4 Time Considerations

Indicate the amount of time needed to conduct a study using the proposed test method
and discuss how this compares with the in vivo reference test method and, if applicable,
with that of a comparable validated test method with established performance standards.
Essentially the test stretches two working days. On day one the testing materials are
prepared and incubated overnight with the monocytoid cells. On the second day the
amount of excreted cytokines is determined by immunoassay. The total time from start to
result is approximately 24 hours.

It is thus concluded that the proposed test method will take more time when compared to
the reference tests, either the rabbit test or the BET. It should be noted that rabbits are
tested prior to their first use by a sham test.
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13  Supporting Materials (Appendices)

13.1 Standard operating procedure (SOP) of the proposed method
Provide the complete, detailed protocol for the proposed test method.

Appendix A includes the complete and detailed protocol of the WB/IL-6 method
(Detailed protocol WB/II-6 In vitro test for pyrogen/endotoxin using human whole blood
22 07 02; electronic file name: SOP WB IL6) as used throughout the studies described in
section 5 of the current BRD and the trial plan of the validation study.

13.2 Standard operating Procedure (SOP) of the reference method

Provide the detailed protocol(s) used to generate reference data for this submission and
any protocols used to generate validation data that differ from the proposed protocol.
Not applicable.

13.3 Publications

Provide copies of all relevant publications, including those containing data from the
proposed test method, the in vivo reference test method, and if applicable, a comparable
validated test method with established performance standards.

Not all of the publications cited in the BRD (see section 12) are included as hardcopies in
Appendix B, e.g. publications on statistical methods are not given.

Remark: The same set of hardcopies was included into Appendix B of all of the 5
submitted BRDs. Therefore some of the publications in Appendix B might not be
referenced in the current BRD nor included in the list of the publications in section 12.
Three general publications were added, which are not cited in any BRD but might be
useful as background information to the validation study: the ECVAM publications on
validation (Balls et al, 1995; Curren et al, 1995; Hartung et al, 2004). Several
publications were included, which either give more background information on the
human fever reaction or report on specific studies using in vitro pyrogen tests.
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13.4  Original data

Include all available non-transformed original data for both the proposed test method,
the in vivo reference test method, and if applicable, a comparable validated test method

with established performance standards.
NOTE: The original data of the ELISA-plate reader were collected by S.Hoffman and
ECVAM. These are available on the CD which goes with the BRD.

13.5 Performance standards

If appropriate performance standards for the proposed test method do not exist,
performance standards for consideration by NICEATM and ICCVAM may be proposed.
Examples of established performance standards can be located on the ICCVAM /
NICEATM web site at http://iccvam.niehs.nih.gov.
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APPENDIX A

Trial plan “Comparison And Validation Of Novel Pyrogen Tests Based On The Human
Fever Reaction” Acronym: Human (e) Pyrogen Test

Detailed protocol WB/II-6: In vitro test for pyrogen/endotoxin using human whole blood
22 07 02 (electronic file name SOP WB IL-6)
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APPENDIX B

Not all of the publications cited in the BRD (see section 12) are included as hardcopies in
Appendix B, e.g. publications on statistical methods are not given.

Remark: The same set of hardcopies was included into Appendix B of all of the 5
submitted BRDs. Therefore some of the publications in Appendix B might not be
referenced in the current BRD nor included in the list of the publications in section 12.
Three general publications were added, which are not cited in any BRD but might be
useful as background information to the validation study: the ECVAM publications on
validation (Balls et al, 1995; Curren et al, 1995; Hartung et al, 2004). Several
publications were included, which either give more background information on the
human fever reaction or report on specific studies using in vitro pyrogen tests.
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List of abbreviations and definitions

Accuracy

The ability of a test system to provide a test result close to
the accepted reference value for a defined property.

BET

The bacterial endotoxin test is used to detect or quantify
endotoxins of gram-negative bacterial origin using
amoebycte lysate from horseshoe crab (Limulus
polyphemus or Tachypleus tridentatus

BRD

Background Review Document

CRYO WB/IL-1

Whole blood assay (using cryopreserved blood) with IL-1
as endpoint

Cv coefficient of variation

DL Developing laboratory = laboratory which developed the
method or the most experienced laboratory

ELC Endotoxin limit concentration; maximum quantity of
endotoxin allowed in given parenterals according to
European Pharmacopoeia

Endotoxins Endotoxins are a group of chemically similar cell-wall
structures of Gram-negative bacteria, i.e.
lipopolysaccharides

ELISA Enzyme linked immunosorbent assay

EU/ml European Units per ml

IL-1 interleukin 1

IL-6 interleukin 6

Intralaboratory A determination of the extent that qualified people within

reproducibility the same laboratory can independently and successfully
replicate results using a specific protocol at different
times.

Interlaboratory A measure of the extent to which different qualified

reproducibility laboratories, using the same protocol and testing the same
substances, can produce qualitatively and quantitatively
similar results. Inter-laboratory reproducibility is also
referred to as between-laboratory reproducibility.

KN University of Konstanz (Konstanz, Germany), developing
laboratory WB/IL-1 and CRYO WB/IL-1

LPS lipopolysaccharides

MM6 MONO MAC-6 cell line
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MM6/IL-6 In vitro pyrogen test using MM6 cell line and IL-6 release
as an endpoint

MVD Maximum valid dilution; the MVD is the quotient of the
ELC and the detection limit

NIBSC National Institute for Biological Standards and Control
(London, UK), developing laboratory for WB/IL-6

NL naive laboratory = laboratory with non or minor
experience with the method

NPC negative product control (clean, released lot of the
nominated product under test)

Novartis Novartis (Basel, Switzerland), developing laboratory
PBMC/IL-6

OD optical density

PBMC Peripheral blood mononuclear cells

PBMC/IL-6 In vitro pyrogen test using fresh peripheral blood

mononuclear cells and IL-6 release as endpoint

PBMC-CRYO/IL-6

In vitro pyrogen test using cryopreserved peripheral blood
mononuclear cells and IL-6 release as endpoint

PEI Paul-Ehrlich Institut (Langen, Germany), participating
laboratory

PM prediction model = is an explicit decision-making rule for
converting the results of the in vitro method into a
prediction of in vivo hazard

PPC positive product control (product under test spiked with

0.5 EU/ml of WHO-LPS (code 94/580)

Prevalidation study

A prevalidation study is a small-scale inter-laboratory
study, carried out to ensure that the protocol of a test
method is sufficiently optimised and standardised for
inclusion in a formal validation study. According to the
ECVAM principles, the prevalidation study is divided into
three phases: protocol refinement, protocol transfer and
protocol performance (Curren et al, ATLA 23, 211-217).

Pyrogens

fever-causing materials

Pyrogens, endogenous

endogenous pyrogens are messenger substances released
by blood cells reacting to pyrogenic materials; e.g. IL-1,
IL-6, TNF-a, prostaglandin E,

Pyrogens, exogenous

exogenous pyrogens derive from bacteria, viruses, fungi
or from the host himself

Reliability

Measures of the extent to which a test method can be
performed reproducibly within and between laboratories
over time, when performed using the same protocol. It is
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assessed by calculating intra- and interlaboratory
reproducibility and intra-laboratory repeatability.

Relevance Relevance of a test method describes whether it is
meaningful and useful for a particular purpose. It is the
extent to which the measurement result and uncertainty
can accurately be interpreted as reflecting or predicting the
biological effect of interest.

Repeatibility Repeatability describes the closeness of agreement
between test results obtained within a single laboratory
when the procedure is performed independently under
repeatability conditions, i.e. in a set of conditions
including the same measurement procedure, same
operator, same measuring system, same operating
conditions and same location, and replicated
measurements over a short period of time.

RIVM National Institute of Public Health and the Environment
(Bilthoven, The Netherlands), developing laboratory
MMG6/IL-6 method

Sensitivity Sensitivity is the proportion of all positive/active
substances that are correctly classified by a test method.

Specificity Specificity is proportion of all negative/inactive
substances that are correctly classified by a test method.

TMB chromogenic substrate 3,3",5,5" -tetramethylbenzidine

TNF-a tumour necrosis factor-o

USP US Pharmacopoeia

Validation Validation is the process by which the reliability and
relevance of a procedure are established for a specific
purpose

Validation study A validation study is a large-scale interlaboratory study,

designed to assess the reliability and relevance of an
optimised method for a particular purpose

WB/IL-1 Whole blood assay (using fresh blood) with IL-1 release
as endpoint

WB/IL-6 Whole blood assay (using fresh blood) with IL-6 release
as endpoint

WHO World Health Organization
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