ICCVAM Recommendations on the Use of Five In Vitro Test Methods for Assessing Potential Pyrogenicity of Pharmaceuticals and Other Products

R McFarland!, M Wind?, J Kulpa-Eddy?3, R Tice*, W Stokes*.
'FDA, Washington, DC, 2CPSC, Bethesda, MD, 2USDA, Riverdale, MD, “NICEATM, NIEHS/NIH/DHHS, Research Triangle Park, NC.

ata and Analyses IEEV/AMTlest Method Recommendiatio)g

Pyrogen testing is a critical step for ensuring the safety of parenteral Overview of the In Vitro Pyrogen Test Methods?! ac\ n 1 teo et o
pharmaceuticals. The U.S., European, and Japanese Pharmacopoeias currently yrog Test Method Ace recy Table 6 Test Method UsesianuiBimieisns]
recognize two pyrogen tests, both of which require animals (i.e., the rabbit WB, PBMC, or MMB6 cells .
pyrogen test [RPT] and the bacterial endotoxin test). Concerns for animal welfare + saline Calculation « Ten parenteral pharmaceutical products (Table 1) were used to determine test Intralaboratory Reproducibility of In Vitro Pyrogen Test Methods Interlaboratory Reproducibility of In Vitro Pyrogen Test Methods (Study B) Based on this evaluation, ICCVAM recommendations are as follows:
have led researchers to develop alternative cell-based test methods that use + test substance method accuracy (Table 3). « These test methods h t been adequately evaluated for their ability to detect Gy
human cells. ICCVAM recently evaluated the validation status of five in vitro test P v e ovons s Agreement Between Laboratories! iese test methods have not been adequately evaluated for their ability to detect Gram-
T e Al e O e 1N oot + Each drug was spiked with four concentrations of a World Health Organization p 170 W1 Lab. negative endotoxin in parenteral pharmaceuticals, biological products, and medical devices
9 P pyrogeniclty o p ELISA Reader (WHO) Escherichia coli Gram-negative endotoxin standard and tested once in R Comparison | WB/IL-AB| WBAL-AB | Cryo |\ 6 | pemciL6 | PBMCIL-6 | vivenL6 compared to the RPT o the Bacterial Endotoxins Test (BET). This is based on the fact that

products as potential replacements for the RPT. These methods use IL-1 or IL-6 three different laboratories. SIS Lab L Lab Leb Lab (tube) | (plate) | WB/L-1B (cryo) the validation study only evaluated a limited range and number of pharmaceutical products
ELISAs to measure an increase in cytokines when human monocytoid cells (i.e., Transfer - 2llelloflajleflo]fallzleldllels 1 ]2] 3 Lus2 73% 88% 84% 85% 84% 96% 90% and did not evaluate the potential to detect endotoxin in biologics or medical devices.
whole blood, isolated monocytes, or a Mono Mac 6 cell line) are exposed to « Accuracy was determined against a threshold value of 0.5 EU/mL, which (35/48) | (37/42) | (38/45) | (41/48) | (42/50) (48/50) | (45/50) Therefore, none of the test methods should be considered as a complete replacement for the
Gram-negative endotoxin. The accuracy evaluation was based on 10 parenteral was established based on a regression analysis of historical RPT data vz | 9z (oo | soom [t s | oo [ a00% | 20 | oo [ 2006 | 2009 | oz | 200 2% 20% 88% a5% a6% 76% 20% RPT or the BET for the detection of Gram-negative endotoxin.
pharmaceuticals, each spiked with four concentrations of endotoxin. Accuracy = | | e a2z Gz (112)| (12012)| (1212) | (12022) |(11112) | (12112) lvs3

S " C - (n =171 Chinchilla bastard rabbits). (40/49) | (35/39) (21/24) | (41/48) | (43/50) (38/50) (43/48) + However, these test methods can be considered for use to detect Gram-negative endotoxin
rangz_ad from 81% to 93%, false negative rates rar_\ged from 1% to 27%, anc_l false 7o% 2% 100% 5% 0% 30% 3% in human parenteral drugs on a case-by-case basis, subject to product-specific validation to
positive rates ranged from 3% to 23%. Quantitative and qualitative _rel_labmty * Results (Table 3): 2vs3 @347 | (@3 (25025 | (@ais0) | @sis0) (40/50) (40/48) demonstrate equivalence to accepted pyrogen tests in accordance with applicable U.S.
analyses indicated that the test methods were generally reproducible within and — Accuracy of the five test methods ranged from 81% to 93%. 1us3 (fc;j;y ff; (ff,j;y ND | no | np [ 190% | 92% | 100% [;g?‘“; [;g?‘“; [ff,“;"ﬂ (;g%“% Yfﬁ“‘g] xfm " 5% 90% o1% 6% 7% 3% 5% Federal regulations (e.g., U.S. Food and Drug Administration®)2.
among testing laboratories. Based on the results of these analyses, ICCVAM — Sensitivity ranged from 73% to 99%. ean « Potential users should consider the false negative/false positive rates as well as ease of use
recommends that, while none of these five in vitro test methods should be Detection of IL-1f or — Specificity ranged from 77% to 97%. Agreement | 00 85% 88% 79% 80% 76% 81% in selecting any test method for possible use.
considered as a complete replacement for the RPT, they could be considered to IL-6 in ELISA — False negative rates ranged from 1% to 27%. - - v | o2 | 100 | s | 00 | o206 | 100 | 1000 | o0 aoross | @ | @339) | @uaa) | @8ue) | @0s0) | (swis0) | (39148) + While the scientific basis of these test methods suggests that they have the capabiliy to

- _by- . s
getect GLam (n‘egatlvde e(”d"m?;'.” in ‘ré“"‘_’a” bpatr:ntera\ d“{Q‘S on alc‘ase by-case _ False positive rates ranged from 3% to 23% EXCEIN e+ B e Rl L) R iz |azna) | dinz) | a2 [azn | dinz) detect pyrogenicity mediated by non-endotoxin sources, there is insufficient data to support
asis, subject to product-specific validation by the appropriate regulatory agency. i Abbreviations: Cryo = Cryopreserved Il = Interleukin; MMG = Mono Mac 6; PBMC = Peripheral biood mononuclear cells; W8 = Whole biood this broader application.
i Overnight b svetances o

When used in this manner, these methods should further reduce the number of . 9 02505, 2n0 3.0 S0 w5 BVl ! + Users should be aware that the performance characteristics for these in vitro pyrogen
animals needed for pyrogenicity testing. ICCVAM recommends, consistent with incubation Mean 89% | NC | 95% | NO IND | ND | 83% | 02% | 100% | 95% | 100% | 95% | 100% | 95% | 95% . test methods might be revised based on additional data. Therefore, ICCVAM
U.S. Animal Welfare Regulations, that in vitro pyrogen tests must be considered at37® C iModified from figure provided by Dr. Thomas Montag-Lessing (Paul Ehrlich Insttute) Table 1 that test method users routinely consult the NICEATM/ICCVAM website
prior to testing in animals and that an alternative test method be used when apble areement | oo | nc | oz | o |wo | no | 75 | oo [ aoom | oz | 200% | oz [ 00w | oz | o2 niehs.nih.gov/) and other sources to ensure that the most current
deemed appropriate. Table 7 information is considered.

Parenteral Drugs Used in the Validation Studies for Determining Test
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; Test Substance? | Source Active Ingredient | Indication | ape o i ot . ICCVAM Recommended n Viro Pyrogen Protocols e st e osie res.
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Beloc® / stra DA419AL | Metoprolol tartrate e 140 assayed in 96-wel plies, S, WeiL1p | CryowiL-18 WBIIL-6 PBMCIIL6 MMB/L-6
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The Interagency Coordinating Committee on the Validation of
Alternative Methods (ICCVAM) is charged by the ICCVAM
Authorization Act of 2000! with evaluating the scientific validity
of new, revised, and alternative toxicological test methods with

S Sinenna | T7E ol S ntbiotc 7 Test Substance Test neat or in seril diuions tha produce o nterference. not o exceed the MVD. Test Method Protocole

Ethanol 95% B.Braun | 2465201 Ethanol Diluent 35 Number of Blood Minimum of 3 (independent or pooled) Not applcable -
21402

Fenistil® Novartis Dimetindenmaleat |  Antiallergic 175 Al § Mean ODof | Mean ODof Mean ODof + When testi ducted, the in vit test method protocols should be based on the
zoa03® 9 Test Method Reliab3ility; becsencrioiator | Mesmoprareee | MDA | MDA | weanooareee | HeND0, e testing is conducted, th in viro pyrogen test method protocos should be based on the

i 50% to 200% of is 509 to 200% of ICCVAM recommended protocols, which are summarized in Table 7.

. o " 1162 Interterence 200060105 | 200% of 10 200%of L0
potential applicabilty to U.S. Federal agency safety testing e e Glucose 5% Eielango | o Glucose Nution 70 roeumiec | OGS | Smiec | omEumiec | UMD * These recommended protocols, which are based primarily on ECVAM Standard Operating
requirements. ICCVAM is also required to provide ' Y T . - . was by comparing the closeness of NSC(1) Procedures for each test method, have been updated by NICEATM and ICCVAM to address
recommendations to U.S. Federal agencies regarding the Ihsan Gursel, Ph.D., Assistant Professor, Bilkent University, MCP Hexal 21IX22 Antiemetic 350 agreement among optical density readings for cytokine measurements at Incubation Plate 5 inadequacies identified by the Panel, including modifications made to standardize essential test
usefulness and limitations of such test methods. Bilkent, Ankara, Turkey Orasthin® Hoechst wo1s Oxytocin '”":‘Eyd 700 each spike concentration within the range of 0.06 to 0.5 EU/mL against saline. P o) {“i‘;"d Cﬁfﬂemevgijﬂ'ﬂjs the five in vitro test methods. These modifications are not expected
- ii i i Although the variability (based on up to 20 replicates per concentration) red i o reduce test method performance.
ICCVAM recently evaluated the validation status of five JKae;alr?gg;ewég%sg Eééfgg%%;iziiré;lg;lg ?J‘il\‘/grr:\tlyg:i;&eg‘ég;\/“o’ Sostril® Slaxo 15858 Ranitidine Antiacidic 140 increased with endotoxin spike concentration, it was low enough that the scruphcat LN O TR TN ) * Using these recommended standardized protocals will facilitate collectian of consistent data and
in vitro test methods for assessing the potential pyrogenicity ’ ’ y Wellcome | 3HOIN? 0.05 EU/mL spike could still be from the lower NPC'(O) | NPC(O) NPC(O) | NPcEO | NPc@ expand the current validation database. Exceptions and/or changes to the recommended
of pharmaceuticals and other products proposed as potential replacements for the Jack Levin, M.D., Professor of Laboratory Medicine, VA Hospital, University of Syntocinon® Novartis | 00400 Oytocin Initiation of _ concentrations. ELISA Plate Includes seven point IL-18 SC Inclucies seven point 16 SC and blank n duplcate standardized test method protocols should be accompanied by a scientific rationale.
in vivo rabbit pyrogen test (RPT). The ICCVAM evaluation is summarized in the California-San Francisco, San Francisco, California deliver and blank in duplicate « Users should be aware that the test method protocols could be revised based on future
test method evaluation report (TMER) In Vitro Test Methods Proposed for Albert Li, Ph.D., Chairman and Chief Scientific Officer, In Vitro ADMET Drug A - 0.9% NaCl - - 0.9% NaCl - 35 + Three marketed parenteral pharmaceutical products spiked with various Mean OD of NSC=0.15 optimization and/or validation studies. Therefore, test method users should consult the
Potential P of iticals and Other Products. Laboratories, Rockville, Maryland Drug B - 0.9% NaCl - - 0.9% NaCl - 70 concentrations of endotoxin were used to determine test method reproducibility Quadratic function of IL-1 SC, Quadratic functon of IL6 SC, r>0.95 NICEATM/ICCVAM website niehs.nih.gov) or other sources to ensure
N . (Table 2). 12095 L use of the most current recommended test method protocol.
The five test methods are: David Lovell, Ph.D., Reader in Medical Statistics, University of Surrey, Guilford, ‘Abbreviations: MVD = Maximum vald diion 'EC SC produces OD values that ascend i a sigmoidal concentraion response
Each substance ws tested n i fve i viro pyrogen est metho o
 The Human Whole Blood (WE)interleukin (IL)-1B In Vitro Pyrogen Test United Kingdom i Feubeance was s, O ot Sty rits (UL of endotin (Work Healh Orgartion IWHOT- . y repr was evaluated with mean 1s expressed High responder
. . Melvyn Lynn, Ph.D., Senior Director and Global Head, Sepsis and Anti-infectives o e et s oS BV as a percentage of agreement between pairs of the independent runs (Table 4). blood donors o
L:% ::"\A'Iﬂ; WB/IL-1B In Vitro Pyrogen Test: Application of Cryopreserved (Cryo) Therapeutic Area, Eisai Medical Research, Inc., Ridgefield Park, New Jersey e o ot e ssed e catcrup vl sty o he Gryo W1 et et Agreement across 3 runs within a single laboratory ranged from 75% to 100%. Assay feceptabiity High responder o responder Additional Studies
" " " (i.e., Mean OD of
« The Human WB/IL-6 In Vitro Pyrogen Test Anthony Mire-Sluis, Ph.D., Senior Director, Product Quality and External Affairs, « Interlaboratory reproducibility was evaluated in two different studies (see NA NA (e >200pgmt | 5 iR 2 NA . .
1L6) may be « Itis recognized that these test methods could be applicable to a wider range of pyrogens
+ The Human Peripheral Blood Mononuclear Cell (PBMC)/IL-6 In Vitro Pyrogen Test AMGEN, Inc, Thousand Oaks, California Tables 5 and 6) in which each run from one laboratory was compared to all ociuded | Sanfeantyess (ie., endotoxin and non-endotoxin) and test materials, provided that they are adequately
« The Monocytoid Cell Line Mono Mac 6 (MMB)/IL-6 In Vitro Pyrogen Test Jon Richmond, M.D., Head of Division, Animals Scientific Procedures Division, Tab] e?2 other runs of another laboratory. oL g may validated for such uses.
Home Office, Tayside, United Kingdom be excluded « Test materials that have been identified clinically as pyrogenic might be invaluable for use in

— The first study used the three parenteral products (Table 2) spiked with

g ! ! future validation studies and might allow such studies to be conducted without the use of animals.
endotoxin or a negative saline control in triplicate (except for the Cryo

« Wherever possible, historical data generated with the same test samples in both in vivolin vitro

Each of these methods is based on the measurement of pro-inflammatory Parenteral Drugs Used in the Validation Studies for

Determining Test Method Reproducibility®

Peter Theran, V.M.D., Vice President of Animal Science, Massachusetts Society Outliers rejected using Dixon's test*

cytokines (i.e., IL-1p or IL-6) that are released from human monocytoid cells or a for the Prevention of Cruelty to Animals, Novato, California WBY/IL-1, which used only one run per laboratory). The agreement across Wcs;y;gg;‘:;q; for Endotoxin concentration TS > ELCS TS studies should be retrospectively evaluated, o in vitro testing should be performed in parallel with
monocytoid cell line in response to exposure to a pyrogenic substance (Figure 1). Kevin Williams, Microbiologist, Eli Lilly, Indianapolis, Indiana e OIS o o D three laboratories for each test method ranged from 58% to 86% (Table 5). PT and/or BET that are conducted in the future for regulatory purposes?.
The ICCVAM recommendations are based on a comprehensive evaluation (see J Th d stud dth Its from the 10 substa din th iatons Cryo = ryopreservedt EC = Endotoinc C - Endotosn Lt Concereraton; ELISA = Enzyme-bied immumasorbent « Future validation studies should include the following considerations:
the timeline in Figure 2) of the scientific validation status of the test methods, and Gelafundin® Braun Melsungen Gelatin Transfusion — The second study compared the results from the 10 substances used in the froductconto NSC = Negaive saine contfol OD = Optcaldenci: PBMC - Poriphral blood monanacear ¢t PRC = Pozive ot ~ Both endotoxin-spiked and non-endotoxin spiked samples should be included. In this regard,
" accuracy analysis (Table 1). Agreement across laboratories ranged from contol; SC = Standard curve; SOP = Standard operaing procedure; TS = Tet subsiance; W = Whole bood non-endotoxin standards should be characterized prior to their use in any study, if possible.
take into consideration the comments and recommendations received from: Haemate® Aventis Factor VIl Hemophilia 579% to 88% (Table 6). it et et ! o appbcable, and NSC are 8 i 3
= gure 2 o - po—; - simateq e o ~ Al aspeets of the studies should be compliant with natonal and international Good
+ Anindependent scientific peer review panel (Panel) onosteril resenius ectrolytes nfusion o an pror o1 oratory Practice guidelines.
an estmate of T measuremens f . .
+ ICCVAM's Scientific Advisory Committee on Alternative Toxicological “Each substance was testedn al fve i viro pyragen test mathods, “Dion (1950) ~ Additional studies should include products that have intrinsic pro-inflammatory properties in
Methods (SACATM) Timeline for Development of ICCVAM Test Method Evaluation Report Each substance was pikad wih 0, 05, o 1.0 Endtoin Unis (EU)m of endooxin (Word Heath Organizaton WHO) I:;s\sE[kL; :sﬂﬁx:'m:vs‘c;a;;;cdgrmh\muc’s‘zo‘:;w;wmc and the maximum human dose for pyrogenicity administered on a weight ler to determine if such substances are amenable to these tests.
- The general publc E———— e s Table 5 - Opimal, sty i nluds ey pralet st it e o cssysbeng
entre for the lidation ternative Methods .
" ¥ evaluation of the relevance and comparative performance of these test methods. These
The TMER includes ICCVAM recommendations for test method uses and -M) submission of five in vitro pyrogen test methods ICCVAM: Designai studies may be conducted with historical RPT data provided that the same substances
limitations, test method protocols, additional studies and development of Interlaboratory Reproducibility of In Vitro Pyrogen Test Methods (Study A) . (i-e., same lot) are tested in each method. Based on ethical and scientific rationale, any
performance standards. draft comprehensive Background Review Document Table 3 Agency Represen Y parallel testing should be limited only to those studies that will fill existing data gaps.
~ Test substances that better represent all categories of sample types intended for testing by
142 U.S.C. § 2851-2, 28515 (2000) on five in vitro pyrogen test methods published Lab Agreement Between Laboratories! Coneumer ProductSafety Commision Environmental Protection Agency the methods (5., phamaceuticals, biolagicals, and medical devices) should be Included.
- Performance Characteristics for In Vitro Pyrogen Test Methods'? WB/IL-1B (tube) [ Cryo wenL-1p| wenL-6 | pemciL-6 | MM6/IL-6 [isina Hatel, Ph.0. Office of Science Coordination and Policy _ The hazards associated with human blood products should be carefully considered, and all
dent Peer Panel meeting convened to assess the current “Joanna aheson, P Dean tanerk 000 s Y i
g 92% 92 2% 1% p— Office of Research and Development technical staff should be adequately trained to observe all necessary safety precautions.
ion status of the five in vitro pyrogen test methods TestMethod | Accuracy | Sensitivity | Specificity | P2l Negative | False Positive " 5 Department of Agriculture LStame e P ~ Formal sample size calculations should be made to determine the required number of
Rate (77184 (11/12) (78/108) | (87/108) | (105/108) Tl Kulpa Eddy, DV:M. (Vice-Cha)
CEluaben Goeryer, DY M OECD Test Guidlnes Progam replicates needed to reject the null hypothesis at a given level of significance and power.
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For reliability assessments, formal hypothesis testing is essential with the alternative
hypothesis being no difference between groups.
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Department of Agriculture
Jodie Kulpa-Eddy, D.V.M

93% 96% 90% 5% 10%
Food and Drug Administration (138/148) (85/89) (53/59) (4/89) (6/59)

68% 92%
(57/84)2 (11/12)°
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Center for Biologics Evaluation and Research 9% 92 9% ™ (105/108) | (96/108) (93/108) osparimentf e e 1
Environmental Protection Agenc; Mustafa Akkoyunlu, ., Ph.D. PBMC/IL-6 amer, Loy Semuiheiss, DVLM, DACLAM,
Karen ramemi, PO, Pankel A ((Oct2007 ICCVAM endorses fnal BROD and final test method recommendations (40150 | @%0) | (67160 190) (@/60) 79% 92% o1% o% | oo% Rttty B Ead
Christine Anderson
PBMC/IL6 87% 93% 7% % 23% Agreement 58% 92% 72% 78% 86% Department of Transpartaion Food and Drug Adrministration )
National Institute of Environmental = ance Sia .
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William Stokes, D.V.M., DAC.LAM. Christopher Joneckis, Ph.D. iies for consideration WEIL-6 92% 89% 9% 11% National Cancer Institute aman & s gton and Research + As indicated above, these five in vitro test methods have not been adequately evaluated for their
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Robert Mello, Ph.D. BIL-18 93% 99% 84% 1% 16% w oy e 3 1, wichvas oy testea Agency for Toxic Substances and Disease Registry B — to evaluate the performance of other test methods that are structurally and functionally simiar.
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