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5



MK % AN DG E OMREEAT O BB A D .

Comparison of Pyrogen Test Methods

Rabbit LAL PyroDetect
Test principle Fever reaction Defence Fever reaction
inmammal mechanism in human
Gram-negative (LPS) + + +
Gram-positive (LTA) + -
Yeasts & Molds + +
Virus +/- -
Pharmaceuticals + + +
Biologicals (e.g. gene - +/- +
therapy, recombinant
therapeutic proteins)
Medical devices + +/- +
Cell therapeutics - +/- +

(e.g. monoclonale antibody)

*Variable pyrogen results, ? Rabbit test often required, * Indirect test with solution in pyrogen-free water

" ¢ 1:Comparison of the Rabbit Test, the LAL Test and the PyroDetect System.

2. v ba— o4k
2—1. kB4
R T 4 TG ez -2 a Ay, Btk 4 R LINIZ SERE T X 5k 2 Fl, PR77Mm (B0
{RAF) Z V53BN 178, 4> S EY H L7= PBMC CRES ML BAZ M) 2 N 2388028 | ff, Fllakk 2 H
WHRERZS 1 FERLE ST D, T B Zfir LT in vitro PBMC RBRIE L LTz,
1) 4 (Whole Blood: WB) /IL-1
2) {RAFIL CryoWB/IL-1
3) WB/IL-6
4) PBMC/IL-6
5) HERHIEME M6/ 1L-6

2 — 2. #bpiE
REREE L THRESN TWA 5 FORBRO 7 1 b a— LI LAMETH 5. RBREO I EEE A L
ok &=, BBREOFEMIRMER 2 12F DT,

1) Ttk TV R XV DA ZEINER (50~200%) D727 AR
FE D 2 72 b DOFH A AR
2) M HERA HHAEFBRORE I X IR OIS, Aridn, R
3) HEx > b ELTSA (1 #llE n=4)
4) BRI (PC) 0.5EU/mL  WHO-LPS94/580 (E. coli0113:h10:K-)
oL HR - (PPC) 0. 5EU/ mL DOBGERIHR ZUshn U 7= 85
5) FatiseiR (NC) AEERREK
ParERLEL SRR (NPC)  ARERAHK 2 RN L 7= 8L,
6) HIEfE WL SERE DI E AR =
7) B Y I ay 4.2 TED LIV REWERIE A FEYEIC U728 RO S 2 7~ d
>0. 5EU/mL

IO OMES DA ER 2-11I2F L DT,



#2-1. AEBREOMES—E
FRBRTE WB/IL-1 CryoWB/IL-1 WB/1L-6 PBMC/1L-6 MM6/11.-6
LR [ N b A b kA b A MM AR S
BEAR R AR HEK RPMI1640 AEPRRIEK RPMI1640 10 £721% 2%3E
@k L7=HR IR
m & %= &
RPMI1640
iljaee =7 IL-18 IL-18 IL-6 IL-6 IL-6
AL Beiffs, 4 BER | Konstanz F 7= | Bemfg, 4 W | B BRI L OV | MM6 Hifin
PAIPIZAE V% PET V£ CHiifs | LAPIZAEH PBMC % 33 0243 | 4 X 10° Alifid/mL
RAT i
PERE D | 20l Yo7 | Konstanz ¥ 20 | 50yl o7 | 50ul S | 50ul o7
i A +200 u L AEH | uL Yo7+ | +FAEB R K | +PRPMI-C100 4 | +PRPMI-C100 1
K+ g | PRMI 200 p L | 100 ¢ L+ if & | L+PBMC 1004 | L+ HER 100 u
20uL + ik 20 u L, | 50 L L L100x L
PEI #£ 20puL
> 7L +RPMI
180 L +ifik
40uL
T R 10-24 TR 10-24 IEERE] 16-24 FEFfH 16-24 Iz 16-24 Wz
ELISA #HI7E | 10000g, 2 43KL | IREW RAY) ki g
¥ AN
n 1 5 (F—h) 3 3—4 1
A HE BoERT IR OD1. 6 | BopttktHR OD1. 6 | BEPERdSh i oD | BEPERASL D | Bt HiAE
(FGHet i) | i >Fatioetid, | i >Fatoaid, | 0D 1RG5 Mt R VLB R | i (0. BEU/mL)
B e S L ek BB | Bk B L kBB | OD @D 50-200% | OD @ 50-200% | OD£20%,
OD1. 6 fZ>Fatk | OD1.6 fF>Fatk | N M, 1EU/mL @ 0D %i@ Lt RO
R GoriR, BE | SR, B 23 >1000 VR RG ME xt HE
B SRR oD | B RO 0D pg/mL  IL-6 (D@S&%Wé
VIR 0D | IXB M ERTER oD W
D 50-200%K | D 50-200%
A 0D<0. 1 0D<0. 1 0D<200pg/mL | OD<0. 15 FBLTY | 0D<0. 2
(PR IL-6 0D < 500pg/mL
IL-6
Z DAy ¥rd 0 ¥ard 0 Sy Prf. Ziegler-He
(US6696261 B2) | (USPTO (US6696261 B2) itbrock (German
436518000) Collection of

Microorganisms
and Cell bank)
D7 A

Z UK LT, ICCVAM 2355 =
JIVETRL TS,

Ml NG L, 322 1R T X ) e RIS AREMECE L CHERE Y 1 b a—




7% 2-2. ICCVAM 3 HELE 32571 ha—1

AABRIE WB/IL-1 | CryoWB/IL-1 | WB/I1L—6 | PBMC/TL-6 | MM6/1L—6
PR RANARHIRE 2R S, THRO VR E 7o 1B AR
N4 B3 (lx Eiid7—nEnizb o) EVjiEdN

BOGTHRORIE | B 1 i 5o B | B 1 SR e sek B | BB 1 SR e R | 5 1 R s R | 55 1 R i s HRE
DY 0D 23 | O 0D A | OFEE 0D 2| O 0D A | D oD 2
1.OEU/mL EC | 0.5EU/mL EC | 1.OEU/mL EC|0.25EU/ m L | 1.OEU/mL EC
T 50-200% T 50-200% T50-200% | EC T50-200% | T 50-200%

B L— h FephriE (1)

T RRrFrarybhae—iL (5)

PRE (14)

Pt ERL R (0)

[EPERLR R (0)

ELISA 7’L— b |IL-18% 7 HBIOT I 7 2| IL6 &2 THBLIORT T 7 2 4

=t
7 A AR | Bt FROIEE) 0D<0. 15
U TL-1 BAEYEREES “RBIECC r | TL-6 FEYERR#RES —RESEC T r=0. 95
=0.95
TR MU UATRRERBRO OF fE > 7 A RRERISTENR D
Tt A 1 A B R — | @B R — | s

( > 200pg/mL | (>200 pg/mL
IL-6) XBR7L | IL-6) F7213K
Bt R— (1
EU/mL O K
ooy
P — <
1000 pg/mL)
(G4

Dioxin’ s T A F&HWHIEHIE

FKEMEGMAE | BWE T O R 2 RESPBRWE T O R b3 CERA R

U TIGGHZE S OE RA7ET.

1) HARTOEMIZBANTIE, Bz RO K ENTHEND TH 5. BRERE DRI L > TRIO
TANA L DIEGS DN B EETE T, ARECTHIUTHIIEORIH ZHE LD 5 _R& THA .

2) FRELLCUL, A Z—uaAF 18 (L-18) N 2FE, F7/13 IL-6 A 3FEORBR TIREINTEY,
ELISA {ECifEICHIE T 5.

3) ECVAM TiE, PBMC D35, KFP—DARTYXE2EE L Tn=3~4, RFEMD n=5 & 247084 HelE
LTW5. ZNHDOREOZHITHIES D, WB,/IL-6 78 n=3 THDHDIZK L, WBIL-1 D n A1
Th5DHZ LITITETE TR, BT ICCVAM 3HEET 5 X 912, B Th 3L EETREThH
5.

4) BHERIRRE, KIGEOHHR WHO-V ARAR V> BT 4 K 94/580) & WV HFEHES, (= R hF ) T
HY, 0.25~5. 0EU/mL THEAMRE KD, FOHEMELGOERYRBNN2EINTNDLEEZD.

ECVAM Tli&, 0.5 = RhF¥ra=v () /oL Z8x 725520 L, ICCVAM Tldatirik
IZE->T, 0.25~1.0 (EU) /mL & LT\ %. ICCVAM 2SeRBRVEMHCHAERZE 2 TS BRI 2SBRE T/
<, HErcEin,

5) TV R UERIML T 20nsIRbREB SN TRy, ar he— L oOREILENThH S 54
bihvs.

6) AWFIEITRFE, nFEHECL, =2 R RSO U 2T & SIRBWEW ERBR Tk & 72D X 5 7otk
BE & OB 5= 3 VRN MECTH D L5 2 5. BURTIE, REWEWERBRO72470
RREL T ZT, fiieBRONEMIT TH 5.



3. N F— g VBRI R E
#3-1 BLO32 IR T L 91T, FHEMEOHERDT-HIZ 10 WE, FEMHERDT- DI 3 WENERIC
FIHESN TS,

#3-1. EMEZE RO DT2DIIN) F—2 a UHFBERC AW S L 10 8

Test Substance’ Source Active Ingredient Indication MVD (-fold)
® Heart
Beloc Astra Zeneca | Metoprolol tartrate dysfunction 140
Binotal” Aventis Ampicillin Antibiotic 140
Ethanol 13% (w/w) B. Braun Ethanol Diluent 35
Fenistil™ Novartis Dimetmdenmaleat Antiallergic 175
Glucose 5% (wiv) Eifel Glucose Nutrition 70
MCP* Hexal Metoclopramid Antiemetic 350
- ® . . Initiation of
Orasthin Aventis Oxyvtocin delivery 700
Sostril™ GSK Ranitidine Antiacidic 140
Drug A - 0.9% NaCl - 0.9% NaCl - 35
Drug B - 0.9% NaCl 0.9% NaCl 70

Abbreviations: MVD = Maximum v ahd dilution; GSK = GlaxoSmithKline; N'{Cl Sodium chlonde;
wiw = Weight weight; wiv = Weight/volume
1IEach substance was tested in all five in vifro pyrogenicity test methods.
*Each test substance was spiked with 0. 0.25, 0.5, 0.5, or 1.0 EU/mL of endotoxin (WHO-LPS 94/580
[E. coli O113:H10:K-]). Each sample contained the appropriate spike concentration when tested at its Maximum Valid
Dilution (MVD).

% 3-2. HHEMEHER T2 F—2 g VRISV S 3 R

Test Substance’ Source Agent Indication
Gelafundin™ Braun Melsungen Gelatin Transfusion
Jonosteril® Fresenius Electrolytes Infusion
Haemate” Aventis Factor VIII Hemophilia

TEach substance was tested in all five in virro pyrogenicity test methods.
*Each test substance was spiked with 0, 0, 0.5, or 1.0 EU/mL of endotoxin (WHO-LPS 94/580 [E. coli 0113:H10:K-]). Each
sample contained the appropriate spike concentration when tested at its Maxinmum Valid Dilution (MVD).

# 31 BLO 32\ TRT L2 RAdt BWEE AW T — g RIS T ED. = R hFy
Y EBIRNZ AL T LT b O B WERE &LTE%LT%D,_@ﬁﬁTiw%% g2 W0 L= B d)
ThbEITEWVEINV, BTN TWARETa— NMES2 o0, EIEM LI v Tunen. 4
WL, RS TS E@F%ﬁfcﬁl/ N

Wb T R AR U7 E 2 3BTV DS, = R hF v v B AR 7+
#&%%ﬁﬁﬁf%@&&éioﬁﬁﬁwf_ B ARRNVETH D, £2, = R bR U AT
B 7T LEMEE OFAHIXATEETH D & LT, FOMAMEIC L A2REVERILHBITE TWA & vz T,
ZTOMHIFRENTH L EEZOND.

4. RBHEOIEHME - EHREZFHMET 27 —Z TN TDEE
FRBRIED IEFEMERCERNEOFHEI AN SN TV D 7T — 2 DEICOW TS, BEtLicb ok, ko
OO OFTHI SN TN DT —Z L ZNETHEICRIH LT L 2D HERTH 5.

CHk 1. ICCVAM Test Method Evaluation Report
k2. ICCVAM Background Review Document

ICCVAM O Z DRk FE, 2008 45 HIZAFIENZHDTHY, F1 L VRO ECVAL DR 54 F)
HLTWD., (-, T—FEZBET L LEVIHE T, I TrokbE@ENRLOEEZLND.
FERS, Sk 2 0 §9 TIE, ECVAM 723 2005 4EIZ [RPT, BET, in vitro pyrogen test (Z-OWWT, FEBaT—
H a2 Fio T DAL L TUZ LW EFFOINT TN IR CTH o 72 ) Lk _TWa. £ LT, ik
BB CTATLIEHEIZRBWNT, BB N a— 3 Bi7e 503 2 ITRAEFHMIC AW - 72 10 35 (§
9.1) &, WRWEOBUE TRETHIIZER D AR -T2 9 HE (§9.2) 1I0oWT, MHMEZRTWS.

PLEOWRIAEZ Z D &, 52D in vitro PBMC HERIEOMEREREMIE, SCHk 2 IZERER SV TV D ERHT I
DNTATIDOBREHBLEEZ HND.



SCHR 123U T ICCVAM 1, et L7z 5 3 BRICHOW T, T2 b o 5 BRI O TRV EICBIT 5 7
T Ltk R R AT K D FEMEE AT - [FET 57200 EE LT, B TITRWAFIH A
BET#® D (- can be considered for use to detect ‘- in human parenteral drugs on a case—by—case

basis ) . L22L, MOWERLHEOFEL LTIA 2 THS. | LEaHEL TWD (p. xvi) .

Z ORI, OECD DfF#HE (GD34) IZL72Ai>TWd. £ 2 COEEREHE (Modular approach)
ITROEBEY TH 5.
(1) HigBEoER (BB, LM, B2tz 5Te) Test definition (including purpose, need
and scientific basis)
(i) FERRNOEENM: « FHME intra-laboratory repeatability and reproducibility
(iii) Mgk 5B4EME inter—1aboratory transferability
(iv) RO IERM: inter—laboratory reproducibility
(v) THIEE (EfEM:) predictive capacity (accuracy)
(vi) i FIFRS applicability domain
(vii) EREFZUE performance standards
INLORMEREREDH G, (1) BEBROEMETFIRE Zo1E4(k,  (vi) BHARR, (vii) EEEMEEE,
WZDWTIE, #BRIE-ORBR SO RTINS N EHTC, 7 — X OEIZO W Cikim T D HMIRIZ E A E 7
A%

T DEIZOWTH BT REMKRITIROEY Th 5.

(i) [hEa%ANIRSEE « FEE ) ORILE SNi=7—X D52ttt (integrity) ZMERSd 2121%, R &
TIE LI S a 3, Tl a2 a— ME L Ol Tithnizbond s, - &
OFEEORFEH TITh =, BRI T — 2RI DM TON 0> 720y, PIEEENZ BN T
MmoTzmy, | IR EEBIET L Z EBNETHS.

(iii) [HEERME OGN 28T 2 T EmiTERRAIC S, ENAIC B L THRNoOT, Zhld
DONTIED L I RBFNEN TV ENEIBHET 5 2 ENNETHD.

(iv) ThEsRMOFEHRME 1[22W T, < OWBRIWE %% < Oliiak THHEMIHERT D, L) it
WEDORAKRTONRY F— g VIR TR TE 2D, BCkTIERE 9 Tldiel, DEOWRWE %% < Ol
FCIHAEICHEN DD Z b &, < OWIBRWE 2 VI ONiRk THEND H 2 &, Ol TRWE LT&. 2
@ ECVAM & ICCVAM D F7EHZEAW TG LAV WY N E 9 0%, AAROFEHIEE SN TS 5 2
EDBVENHD.

(v) [FHlE (GEMENE) | 1220 T, IR L R 2 BEOFHMlNANMIE THE bond )Nk
MIBAELT D Z EXF TRV, S, NTORREEEM (in vivo) TOREROREEPIE (similarity) 14,
SR T D LD TII RNV Z BN TVND, ZHUTHOWTBIRT 5 Z ENVETH 5.

(v) THY EIF B TOAIEMEEIZOWT, CHk 11X £4-1 OFT—HZRLTWD., 7272 LZ0FRT
L, PEET  “accuracy” EENTWDHD%E I (concordance) CEEHZTHD. AL LT
DIEHEE L, BfEE L COLEREXRTH72DTH 5.

7% 4-1

Test method Concordance Sensitivity Specificity
Cryo WB/IL-1 92% (110/120) 97% (75/77) 81% (35/43)
MM6/ 116 93% (138/148) 96% (85/89) 90% (53/59)
PBMC/IL~6 93% (140/150) 92% (83/90) 95% (57/60)
PBMC/1L-6 (Cryo) * 87% (130/150) 93% (84/90) 77% (46/60)
WB/1L-6 92% (136/138) 89% (79/89) 97% (57/59)
WB/IL-1 (Tube) 81% (119/147) 73% (64/88) 93% (55/59)
WB/IL-1(96-well plate) 93% (129/139) 99% (83/84) 84% (46/55)

KD 1, 2 TIXZOFEORIZ, {AFatER, BEEREOEME LIRS TNDD, ZIVHIHERE &R
HBENSS R THEICHE I LOTHHD, T—XOEDOEHRIIIIRETHD.
Bl S D ERERIE 5 BBR72DIZ, ZORIZTHEBRNH LD, * 2023203 < LoD
ZEiEE LT BCVAM O\ 7 —3 3 UFE CTEBRIM T, 7 — 2 el RH SNz dTh 5.
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F A1 \DORENTWDEIE, U2 AWV REVEYERIRZ M EL L ORSILTW S, 3Tk 2
TIERHIAUTHOWT, UHFTORERE e R ToORRITBBLRELL TS, Lilk_Tns. 72721, H
BSEHRIZV XL b NOFNEBIZARHHRH D Z EAFER LTS, 2 ED X 9 IT3EWE:
SIS 2 NI H TRV, REBEL L TORMBICITEE L RVERELZEZ DD,

F 41 TRITOAS TRIPEREIE, PBMC/IL-6 (2O TIEEE, WB/IL-6 (2O CIIZEDIEYEEE T
JIE (SOP) ZHW\WAZ & T, EOFRBRELIEFICENZ AR TN,

RIEE LTI, ZOERERED L S RGN T — a VIR Z b Th s, fHliicis T
1%, SOP Z[EE L CHEET 5 DONFAITZNG TH 5.

# A1 OT—=FIZONWTE, FHIICERHA SN TWDIRT — 2 O&ED, WBREICR > TnDH Z &2
B LARTIUIZR 780, ZOFBEICOWVWT, CHk 11X, §5.3 “Description of the Statistical Approaches
Used to Evaluate the Resulting Data” IZEBWTIRD L 5T TW 5.

CEBEMATIC IV TIE, 138k (run) 234 )8 (quadruplicate) OWEENH72>TNWHDT, £
DIEERI (coefficient of variation: CV) THRAEIZEITHT —F OIEELZFG L, RErfICL DR
%, CV<0.25 776 CVK0.45 L) HEHETT — X OBREZROTZ. |

ZHUE, NV T a VIR OERT — 200, BEOESZMML TV LT =2 ZBRELGHE L
ZEERBEHRLTWDS., ZOREZ VOO (FRINFEDY) EO LD RESIZESWTEA IR
1L, LT,

F—H DEREDS, 10 W x5 gk x 3 5, D 150 BB (runs) THIHINS, T —F EIVDARERER
1%, ENETRERE L L COBRBMEREN ST LFHliTRETHD. 7oL 2, Cryo WB/IL-1 < WB/IL-1
(96-well plate) (21T HmVVEEEX, FHMEME 90 SEERD 14%, 7% ZBRAL R L7ZfETHHZ L1
HETRETHD. WReHEE LT BASNZLORTRT BEECTHT SN2 ->72b 0] L
1%, Cryo WB/IL- 1 ORKEEIL, 83%Z725.

JRPE L RFREEIY, HSIB3F% (trade—off relationship) ZFf-> T\ 4. T70b, HERME (cut-off
value) ZEZIUE, —HNRELRDHZETMHENNEL 2%, EWIBERERF> TS, ZOT—H
\ZHEASWTCHERRSMEAFPE T 5 2 & T, BUERREIIERTES. LrLEITHE, NTF—=
R D IERRIIB TINBINE NG, ZOF—ZIZHSNT, SOP OEFEE{To7-L 5L, FORYMESE
B THGE L2 T U7 5700,

k2 D §5.5 128D L, HERMEIIEANIZIT 2 — e o TERIC SN2, 3 - 134514+
Tdhol-. 3725, Tthe identity of the three test substances was not blinded) & XL TCW5.
OB TRV,

ICCVAM [ IBBHERNEIZ DWW T ORETE 2 LTWRV. 23U, D370 3 Jitigx LAV 7 —3 3 Ve
WZBIMESHTWhoToled EB 2 HID. (D34 T, BERESHEE & L TWADIZ, BECVAM % ICCVAM 3,
ABRED BB TEA L TN L D Th 5.

TR G2 T 2121E, BARDOANY F— g UHIZE T T TWA K 9IS, EEIAIR VEiPH T —
a2 RFETE DR CEREITO RETHHH, ECVAM 2% ICCVAM 128, ZD X 9 s EEL TV
RNEDTHD., ZHADMETHS Z L1, HEADLIEE - FEL TWHLKARETIIRWEA I ).

FERO AL ENE (repeatability) & gk NFFEIME (intra-laboratory reproducibility) I, #E&
ELTTED Z &3 6D34 OHFEE (Glossary) TREILTWA. LML ECVAM DAY F—3 3 UHFZET
1%, ZORBINRENTEST, k2 Ti%, §7.2.2 Tl % 3 38R (runs) TOREEORTZ & D—FHR
TEHI LT\ % . Z OFHIlE B IRITHES 2200, ZOBZERG OFWT — X OFREMThiI- L 5 Th 5.
ZIUCONWTIEIET — X 2R DB R H 5 D .

Lab 2 |[ZIZMEERHH L5 T, T—F BRI TNEHE1F T2, “not included” OHH—2
-7, 7 NI: Not included due to lack of sufficient data. The sensitivity criteria were not met
for 1 of 3 substances in run 2, and 1 of 3 substances in run 3” E{FIINTVA.

BhE L LTIELS R0, Lab 2 TOBRNMITZERT 520y, BB SBETHD.
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= 4-2

Lab WB/1L-1 WB/1L-6 PBMC/TL-6 M6/ TL-6

Labl Lab2 Lab3 Labl Lab2 Lab3 Labl Lab2 Lab3 Labl Lab2 | Lab3
2 | 1/12) | 8/8) ) /12) | 1/12) ) 1/12) ) ) : 1/12) )
3 10/12) | /8) | 1/12) ) 1/12) ) ) ) 1/12) ) 1/12) | 1/12)
2vs | 92%(1 NI 92%(1 | 75%(9 | 92%(1 1(2)%2( 92% (1 12% 92% (1 1(2)%2( 12% 2( 92% (1
3 | 1/12) 1/12) | /12) | 1/12) ) 1/12) ) 1/12) ) ) 1/12)
All | 83% 92% | 75% | 92% | 100% | 92% | 100% | 94% | 100% | 92% | 92%

TR EEE (inter—laboratory reproducibility) % Mgk
NTW5S., fERITFRAIICELEDLNTNAS.

BHMELFEC LD, —BERTHRANS

#4-3
Lab. Test Method
WB/IL-1 Cryo WB/IL-1 WB/IL-6 PBMC/TL-6 MM6/11.-6
lvs2 92%(77/84) 92%(11/12) 72%(78/108) 81%(87/108) 97%(105/108)
lvs3 77%(83/108) 92%(11/12) 75%(81/108) 86% (93/108) 89% (96,/108)
2vs3 68% (57/84) 92%(11/12) 97%(105/108) 89%(96,/108) 86%(93/108)
A113 58% (167/288) 92%(11/12) 72%(234/324) 78% (252/324) 86%(279/324)

BrE ORRR DML & TEEL TN D, S WD ERBITHE Z > TRV, WB/IL-1 8 Dfax I EE 23 &
ITHD.

T—HOEEIL, 13 ADOETENG D, invitroPyrogenicity Independent Peer review Panel (Panel)
TIThive., ZEOHPIZITMFHIGE LW E BN AEEN— A, BRAR—AGEN TN D.

SCHER 1 @D Executive Summary (p. xv) OHIERIZ [The Panel -+ to review the ICCVAM draft BRD for errors
and omissions and to discuss the current validation status to the five in vitro test methods. |
LVWIHEENH S, ZoFd, Terrors and omissions| B3TF—H DI L ZERTAHIOTHIUL, T—H
DRSSPSR 72 o 72 2 L2720 5.

ik 2 D §5.3 TiX, WIEMOERAD IFIEIZOWTOR) 1| N—NZ DT D500 o 5703, BB ED
DITZHHEDR, T —X & R THLDO%RMERITSH 50y, FAFTEOME TH L0 LTV, SURE &
HE, AIEODILIITELLND.

Pk, 77— ORERIZIE, HEEEZ EDICFHMET 2 0 OFIERREZIT HD M, ORI EIZER
ENHOTIEARV. ICCVAM DREFHIORIIE, BIBUAZIT AN TELIARWEEZILND.

ABRIED EHEVEZ ST 2 E D in vivoB X OB T —#
« In vivo T—HIZOUWT

WB/IL-1, CRYO WB/IL-1, WB/IL-6, PBMC/IL-6, MM6/IL-6D5FEEED in vitro PBMCERERTEIZ RS HECVAM BRD
March, 2006 Section 3.3(ICCVAM BRD Appendix Al ~A5 May 20082 UV #;) 3 J TNICCVAM BRD May,
2008 (Section 3. 3)1Zi%, FHmITAEAH L2 13FEAOWE O—BASFLE S 4L TV 723, ECVAM BRD March, 2006
Section 4. 13 . TUNMCCVAM BRD May 2008 (Section 4. 2) 12 iU, ZHHOWETONNY F— 5 0203,
R BRANBREE 2 B 7 W 2l U 72 S B E AR 1 X 5 S AU TR u .

ZHUL, = R RFT B R 7 LTZISTEEOWEIZ DOV T O 0 3 B E R COFREMNCET T
HFHEROE TGN SN -T2 2 EWRT 5. T e[RRI, 13FHOME Th N ¥
> LS DFEBIENZ DN T DU D T ER OGS 5 5 Tix 7R,

ZORDOVITHMOIFRERICE DT — RSB ERE L THEHINA TS, 2k, RAYoD
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Paul-Fhrlich InstitutelZ X > TESNF-T—F T, = R U 2ZHNW17130 7 3% (Chinchilla
Bastardsff) | & A REBE O T, #5R7 HXD50%230. 55°COMKIE FH- 2 =T KE kg7 Y D=
R R U BIFEUTH T & LTV A,

2.0+

js o=

1.54 o 3

1.0
0.8+
0.6+
0.5+
0.4

0.3+

maximum rise in temperature

0.2+

5 10 15 20
EU per kg bodyweight
[X]4-1
ECVAM BRD March, 2006 Section 4.1 Figure 4. 1.1 “Dose-Temperature of standard endotoxin applied
to Chinchilla Bustards (n=171)"% Y

X, B RBMRT T 4 TIZm R MRV U ARG LIEAE L RIEORERTHY, = K%
WD 7YX L e hORBSISAFELITH D E LTS, (ECVAM BRD March, 2006 Section 4. 5)

F7~, BFFHMECVAM BRD March, 2006 Section 933 J:TNECVAM Response to ICCVAM Questions (ICCVAM BRD
Appendix BIZUNE) (2T, 7in vitro PBMCRRBRYE, W X3EMEYERER, =2 K F¥% 2 3Rz oW\ T
DOWBEDO IR K 5 Helen s & 7.

Z 2T, EBROBRERICISW THREAORIER#HE O H -7 Mg 7 V7 I 8, SEVITA 75454,
BIOMBESERAFNZ = R R a2, 7 LIz 2 0T, U SRBWVEWERER, = F ¥
iR, in vitro PBMCGRIEDOHREDR H Y, FET L N X U MREWEST X CREVE R Z I
RO N TCIREAEE ZTWEICOWT, in vitro PBMCERBRIEIC L W KHTFTRE CH o7& LT 5. &
HIZ, =Y R R EHZEFET N B R0V R T A afii (LTA) ZETORER, BT, SHEEFME
JREZCOWENHY, ZZThin vitro PRICRERIE TIRIHMNATRE TH 72 & LTV D, NEZLITIZ
F LT

FEEOBIWERWREDH 7= MILET VT 2 VEFNZOWT, TS RBWEWERBRBS IO R
VURBRTCII R TN TH o723, in vitro PBMCRRERIED 5 B, WBE HWHalRiETlx, NH—%#560
SEYEDNRRR T > b OYHHE L 5. 52(EDFEN R O NI FAIVRENT-.

F4-4
Donor Incriminated batch Control batch Quotient
IL-1 (pg/ml) IL-1 (pg/ml) incriminated/control
1 79.0 4.0 19. 75
2 14.1 3.9 3.61
3 44. 3 15.0 2.95
4 20.9 14.9 1.4
5 71.9 3.9 18. 44
Mean 46. 04 8. 34 5.52

ECVAM Response to ICCVAM Questions 1.a “Fever reactions caused by a batch of Human Serum Albumin
Table: Incriminated Human Serum Albumin” (ICCVAM BRD Appendix B) & ¥
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< VIR SR HOWT, 6RLEEFEORIFIFK3I T » M, T2 R RS0 Z2 A8, 7 LT=REO o 3 588,
MBS L OWBA AWV A REREEIC L A TIE, 7 X OEEEICH Y455 1U/kglfEDT

R R o285 32 03X T 6072 EORE R E DR o 7203, WBZE AW ERIE
(WB/IL-1) TIXETHIEDRRIVRS T
74-5
Endotoxin Rabbit Pyrogen Test WB
(WHO Standard) 3 animals per test n = 4 donors each
Rabbit IVPT positive repet%tlon negative | positive negative
possible
IU LPS/kg | IU LPS/mL
(1mL/kg) >2.66°C| »1,15< |<1.15°C
2.65 C
0 0 0 0 18 0(1)* 72 (71) *
5 5 0 17 1 72 0
15 15 11 7 0 72 0

ECVAM Response to ICCVAM Questions 1.b “Coagulation Factor VIII Concentrates Table: Comparison
study Factor VIII (18 batches, 162 rabbits)” (ICCVAM BRD Appendix B) £ ¥
* testing the same sample, the blood of 3 donors remained negative, the blood of 1 donor reacted
slightly positive in the first experiment, the repetition was negative
Gk FNEIOFER T R —D MK D BFH NGRS AR LTz Tz, 6] UaklhC el 2 550 L 72 /5 10T
a2, o3 R —oiiE b . )

< BB Z Lo IE S AN OWT, USRI E R T, = N R U RBR TR T H
STl tIE SN, (XFA L ; ECVAM Response to ICCVAM Questions 1. ¢ “Pyrogenic batch of a plasma
derivative” (ICCVAM BRD Appendix B) £ ¥

- b MIET VT I AZONT, SIEER ORFRRERIAIS3 N v F (GFH29 3y )T, = R hFw
T AN UTZHED o BB R BR ES L OWB A W 23R BRIEIZ L D Il TlE, 7 3 O3 ENE fiff
(Y325 IU/KgREDT > R b F 2 2R EINTZ XTI, 293y FORFIHFE Sy FO LM
THoTely, ZOMD/Ny F TIIHA LD RBIEDOR RGO > T2 —75, WBZ MW 5 ERETIX
BTHHEORERD RS

#4-6
Endotoxin Rabbit Pyrogen Test WB
(WHO Standard) 3 animals per test
Rabbit IVPT positive repet%tlon negative positive negative
possible
IU LPS/kg | IU LPS/mL > 1,15 <
(1mL/kg) > 2.65 C 2.65 C <1.15 C
0 0 0 0 29 0 29
5 5 5 23 1 29 0
15 15 21 8 0 29 0

ECVAM Response to ICCVAM Questions 1. e “Table: Comparison study Human Serum Albumin (29 batches,
261 rabbits)” (ICCVAM BRD Appendix B) & ¥

« REVDOBIWERSR S D& > 728 7 F U EHERRANZSOWT, BITEHSFIOE TRV S » T L4k
2, =2 R v Uil B, v SSREWE E BRI L OWB A 2 3R BRTE TR 21T - 72655, WBCIX
b hCRAEZEZ L7200y F LEEMSIRZFR TE 20 LT, =2 K Syl ciae<
Bath, TY R TIIE P CTEAEEZ L7223y T ONI Ny T REEMNT, b MIEEWEEZH 9
BN EE T = IR WEFD VORI,

14



7= 4-7

batch | LAL test | ‘ovpit | fever in WB
test patients
IL-1 IL-6 TNF
(pg/mL) (pg/mL) (pg/mL)
A negative negative no 8.5 28.0 28. 2
B negative positive yes 142.6 654. 4 67.6
C negative negative yes 421.5 9444. 0 116. 7
cut off: | 32.6 127.6 43.6

ECVAM Response to ICCVAM Questions 1. f (ICCVAM BRD Appendix B) “Table 5: Incriminated infusion

solution containing gelatine” X ¥

< LIOWEIZHOWT, TNFNOREBRIE TG E R LIz NEE (ng/nl) 23E &=, SFEEO 7 v h
A, =R MRV UEBRTTABGIEORER L7, = R URBRTTBED IVl — KT

ANBISET, =2 R b B TRRIEDOLTAICEUS L7 & s S,

#4-8

WBT/IL-1 WB/IL-6 PBMC/IL-6 | MM6/IL-6 | THP-1/Neo
Curdrlan 1000 1000 100 1000 1000
Glucan—Barley | negative | negative negative negative negative
Glucan—Yeast not done | negative negative negative negative
Zymosan negative 10000 10000 negative 10000
PHA-L 100 10000 100 100 1000
PHA-E negative | negative negative negative negative
Lipid A 10000 1000 10000 1000 negative
Glucan STD negative | negative negative negative | undiluted
Endotoxin—C 4 40 0.4 4 4
Endotoxin—G 0.4 40 4 4 4
LTA 1000 1000 100 1000 1000

ECVAM Response to ICCVAM Questions 2. (ICCVAM BRD Appendix B) “Table: Smallest concentration

[ng/ml] or dilution of substances active in the respective method” X ¥

12 AD R F—IMiRIZ L D B R 322 (0. 5EU/nL) EB. subtilis HRLTADKISHEZDWT, WL

W 5 R BBMERUG 2R LT & i Shue.

LTAvs. LPS
2_
CILPS (0,5 EU/mI)
0
5 L TA
4 T
1
D
0
0. I H ] I [ I i H
4 2 8 )] & 2 ] 2] 2 a 8 g
donor number
[X|4-2

ECVAM Response to ICCVAM Questions 2. “Fig. Reactivity of 12 donors towards LPS E. coli 0113:

H10 (0.5 EU/mL) and LTA from B. subtilis” (ICCVAM BRD Appendix B) L ¥
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- HEMIZ L D e MARIMOIL-1 B AL, U ARZHE (LPS) BAEME THARY IF U BIZL->TH
HEN2NZ EMBT U N IR DRSTIRENZ EAVREN (K438 L 04-4), —F5, E coli
HDLPSIEAR Y X F T BIZL o TIL-1 B fil S s, Lied-C, BEBROIET R R
U BBWEICK LT HIRE R AT D 2 E RS

(A) (4 4-3)
3_
3.4x104ml I control
T 425/ml .
Il + 5 ug/ml Polymyxin B

=
S 375/ml
0 o4
<
(=)
S i
=2 69x 10%/ml
4
= 4

0

P. crustosum C. cladosporoides A. alternata A. versicolor
31 (®) (X 4-4)
[ control - — [ ]
. I + 5ug/ml Polymyxin B
= o
S 24 _
<+
o -
e
Q
L1
JOm [ e e [ LN N

0 2 6 0 a 6
LPS E.coli 0-113 (pg/ml)

[X]4-3F L UM—4

ECVAM Response to ICCVAM Questions 2. “Figure 8: IL-1 release in human whole blood in response
to fungal spores (A) is not inhibited by 5 pg/ml polymyxin B, mean of 4 donors (Z=SEM), numbers
above the bars indicate the spore counts employed. In contrast (B), the response to LPS is
inhibited over a wide concentration range, mean of double values.” (ICCVAM BRD Appendix B)

X0

« BFEEEIEHZOWT, ZbED LWWE O Z 7 X123 5 2 &1, REEEIC X 0 38
{5 L BhE L 72 WG Z B B 23 AIREMD S 0, B -CR R R & BB B 5 Lk <X Tn 5.
in vitro PRMCRRBRAITHIIE AN MZE Tl <, MKICEBE S T2 28T, = R T2 T
1370 < AT OB U7 FEMEZ M FTRE & OGRS 7.

ECVAM Response to ICCVAM Questions 3. “Adaptation of the WB/IL-1 to biocompatible
materials” (ICCVAM BRD Appendix B) X ¥
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c BT ER KL OSBRI OWT, KETIEE A T T A P —2 FEL LT L QO 2@ X72%5
0, F7o, B CHEITROFHRUMEH T HMKCEBNIR, 7 1V F —CBEHTEEENELE DT v RA
AR— R, ZEZ K DM ORFEI LR T2 BARERE OB THROFBERIE L 72V, Association for
the

Advancement of Medical Instrumentation (AAMI) 2 X - C19934EIZAEIK & BHTIR DIt B lE
\ZBIT D IUENTRT BT, 19944E RA Y, XU U v 19984, KIE19904E, A1 Z 19954 DA 5
TlE, ZOAMMIOFBEWEET I 2 BRIER TE TCWRWI EAVRENTZ. D T T LEETBY D
WELHY, BT 2—TNONL LT VAR ERELIZE ZA, invitroPBMCRERIETIE, =
k3 U RBRO20f5Em WG A R TR R b R &N, =2 R RV U TR  EIRAA RO
TFRT VDDV A NI A HEYE BT A TS AIREME bR S, KETO19914EDOH
A TIX VR EFHTHIRR D20% TEEL DRI 72BN S STV 5. 29 LBz =
TBEDOMEDOY A M A L-YUIEREOZN LD bEmWn e omEI VRSN, (K& L)
ECVAM Response to ICCVAM Questions 3. “Dialysis” (ICCVAM BRD Appendix B) LV

JRERANZONT, BEX I VARAT B A Rl EO—EORFNIIEBUKEDOHRCIHESC K FEZED
BHRE OB NS, THXOFIRNIZER G35 Z ERHET, F72, =2 F oo sl b kMt
ERHRE L TWAHT-ORBRNEEETH S0, BRI U CHETHIEDOMIE TRAIRT 22 Licky, in
vitro PBMCGRIEDBE N AIRE L 705 Z LR & iz, (ME2 L)

ECVAM Response to ICCVAM Questions 3. “Lipidic formulations” (ICCVAM BRD Appendix B) & ¥

- FEEEME OFEHETHIZ DN T

in vitro PBMCEREREIZBI AECVAM BRD March, 2006 Section 2. 1(ICCVAM BRD Appendix A1~A5 May
2008 ¥ k) 5 L ONCCVAM BRD May 2008 Section 2. 11 KAulE, FEEMEME OREHUEL, & LT, WHO-LPS
TR MR ARG [(94/580, O113:HIO:K-) I2MER SN TEHY, = KX olke: 25K
B OFRIZU. S. Pharmacopoeia (USP) > R b B LEICHDOTH .

FAMEEOREYEL LT R MR U 2 LZBHIL, = F R U NLERICAFRE TS
VRHIREE 2 9 DR ST RBWE CTH D0 & ST D. Ziud, BRCAS ELLTWD A
7 N H=IMERER SN B D T A B— FREAE W R RV U BRICBWT, 2O R Ry
BEESNDEHENTODENLTHDLD, TOSEPFERIFIZYEEEZD. T2 T, =2 R Moo g
DFRENNT Y R XU VBB TEONTMETH D Z EICEETHIVENH LN, mEIELNTZY
PXOFER T K bR o B hE KR EROBEMMEPHER SN, &2 CHLNREBIEEZFIH L
C, in vitro PBMCERBRIEIT Tt MIFEMWE] F72013 Tk MOIEREME] 2 H)E L T % (ECVAM BRD
March, 2006 Section 2.2.13) Z &b, T2 K hRT U ilBri v ) B D RECORREMN TR INT-
AR 2 L C ORI RN B 2 5.

- B2

in vitro PBMCRRERIE T, WWEDIHRIZ L D IE=> N R UMEREWEDORI DR STV S, Ko
T, ZORBEIIMORBEMEFIC L 2 DFBIE LT, b MIFFROREEWEOMIEED—D L LTH
FAThsrEEbns. 72770, JFERCRLIE TR TV K o U UANOREWE DOIEYLINE Z2 SR\
A, = RS BB oEEnie L b s Z &b, BIE, U2 CRBWEMERER 21T
S TN DRBRRIRITHONWT, HEMEME DM DO TA in vitro PRMCRIRIEIZRB A LT 5O TIEAR
<, BB bTY R R UERBRONEH TE T, USRI L 55T L EWEWE ORI A A]
BEZRFEHC DA, ZDin vitro PRMCERBRIEZ AT R&E L E 2 5.

5. fORFRREE

In vitro FEMEWERERICEA LTt MRMIM AR &2 e TIL-1 8, IL-6 HIERLSIMZ S 7
TR EARBRORB L UTRMREMEO & 23 BREDIER SN TW 5. BRI 5 &, RAE AT A v
72 IL-8 PEAERBICH AW BRAIT IL-1 8, IL-6 LV SR EmWE S, < ORBWEOZ RN TH S
Toll BESZZ¥A (Toll-like receptor : TLR) OSBHIFEBUMILLZR & 13 ORFRMITIEFIZmNZ & DVH 6
NTWb. (i : Journal of Immunological Methods 336 (2008)45-55)

T, BE, L LIIZNICET D EMEOAS v —— L U TEEERRHMER R E, b L IXB
BT ZBRIEL CTWA. DO Th, Embryonic Stem(ES) flu> N T REM#MNY (Induced
pluripotent stemcells : iPS) Mz FIH L7z @R hxa /) I 7 X (MR 7 VT b
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— XA, TuaTAd—LAh, AXHRO—LEGDTREN IR FEERT) 2RI Lo m iR S invitro
L in vivoRlBRENEN OIS, REZM O DL L TEORERBHELIYIFHFI N TS,

6. 3Rs ~DEE
b Mz 2 & 5 WA 2 IO 2 3BRIE S, B e OBV E BRI B S o 2 515 L L
THWEALR CHIRT 2 D THD.

7. ARBREDR ML RA

in vitro PBMC ERIED XL 5 72 A AMERCHINIKIZ K DY A b A > OFEARFHINC S < RBRiT Y
P FRLANDREAOFHEITFHBNIL TWD EWNZ L 9. L LRR s, ICCVAM OEEIZH D K9 1g,
(ICCVAM (1.2.3)) [ XRBEWEERERT (SHEREE, A=A NS THEINLIEH D
FAERHET 25D TH D0, AMUEEITEEEMIO 1 — 28EHOY A A v &2FRL TWAITEE A
V) BT, 1L-1 BB LN IL-6 WEH ORESINITUHETH H &) BEFRRILA K L Tnd. |
EbhHy, Wi btbe NOREBRISE B MHSKHIIAOEER T 5 [L-1 8, [L-6 OFEAE & ORI RS
HIEHE S DITEBMT 2RENRH 5. R H5NEHR (=2 R R )23 5 GO OEWEEC
HMETOIVLERD D] Ll THY, RAEBEZIIRERIRILA D70, & L <X Thu & OR8N
FRU .

ICCVAM DIREETHIRARLI TSN, UHRBWEWERBR & in vitro PBMC FRERIEOFEESMEIZN
Z, MOELLE, FHESIZBE L ORI TRHESN TS Z L HETH D, 2 THHEENER
LE&ALTWARELT, ZNUHOITEROEL LD, 7R EREROFEFIL e FOFESURE X<
FEBI L CWAHEFEAFMEL LT2Z LIT o TWDER, in vitro PBUC FRERIED I R B E R &
DOFB%ER~ET 5T — &i?NTfibkﬁﬁlm%@i/bF%//@ﬁ%%%bfwé k#%f
HND. SVHRZIUINEIETH D in vitro PBUC RBRIED & £ 0 IZHNTEENL T T U SR E
Broo TRERE) EER, RG22 LICEERSH S &b,

in vitro PBMC RBRVEDSBHIE SAU-RER, ECCVAM D&, S BT ICCVAM OEN 72 SNT2% S,
BRI IR N BT IR LT D, LI LR D, FOX ) icdiomi#ea b->TLTh, IL-1
B, IL-6 OARMNEEITRBA), T IRBWEWEFBRICBWTYH, YOk o7 BEEWE] B3H25 2 LA
LINTWT, ZNHENED X I RO Z IR, o7 RERES, a3 EH, 5550, f
MMAERREZN LT, 250 HEEY L0 S FHIREE/ R/ N T A—F —ITBE KT LTV D), Rl
FINZ R CTHOMNNI 2o 72 LIFRESWVEER . 72720, ERto—36, 72L& 213 R bR oo BRES
IR, T F NI EITA LN/ ->TETEY, AEREE BRI SN, FriME b ootk
HLEHND Ko7 (BigsiR) .

ECCVAM, TCCVAM DIREIFHE SN RERT, Z O R SHIRO UL 72 RIS T1E, HHRE
ﬁéﬁaﬁmimghfmé Lo LRMER BN, B X OMRE e Blan DA -0, £z, R
IRRBIC L AL LT FC, (MWL invitro FEWEMERBROMENN & 5 & WiEiTE310)
%k@%ﬁﬁ7x%®%%®7 EMEL, BUTOT XA FORRAZMBICERT AL ERH DL EEZHND.

8. k&

FROFEERLY, AEHRE SN in vitro PBMC BBRIEIL, T XOMAKENRARES L, F7z,
VEFREFF OS2 38 B ERBR D= 7 e & UG C&, &B1g, N T —v a3 TOT—H
OFNIBEH L THMFOTX 2R LT\ AH EE XD, L, X2V REWEWER
B & OBHEIZOWTIIARAZR SN2 L, ZORBIEOREEET 21213, FENRHS. ENTIRYYF
FEEMEE AR DT R h U VR~ OBITORE LA SN TE Y, ZIUTEE LTSN L 7= REE
ETAHZ LI ERENS D, L LR, =2 K bRy Ui BV T 20 X 5 R R
XLt N TORBWECEET ARANEE S D L 9 RPN T T 582 Bk & O3 572
E, REMZREAICOWTIHERTE XD, 2D X 97 in vitro PBMC FRERIEDBFEHIRIUZ IS
JEZE Y, IDIZAEPHARILCHERFIREL 725 Z ENEEND.
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ITERR 1
TR b Rk & BV ERABRIZ B9 2 SRR A R

H ARSI S TWD A 7 N T =mEkfii# 2 iz K R o U ilBrik & o4 Hu-
FEEVEY SRR, B L in vitro FEEWEWEBRIZ OV T, 2009 4F 1 AIC AARBE TS0 1%
5T =2 R b 3kl & BWE BRI R A BUIRRE D720 D7 > r— b LE LT SERERE %
170 36 £ (1 R > ST E ) OIRE S0 T, Z OFREREZEICHET 5.

—Rlz > R b BB COMSTHRTFIZIE, 74— L = R h o O—HEOBERTEE:
WRISEEET DD & LT, BERIEMLER, Z o 0B, fFL— MIRERH 5. £/, =K
Y AMERH L TRISZEET b0 L LT, RmEiEHEAIR, 8 TAI=v b0 40 RN
5. —4, A4 — KL R L o 0—HOBEREHM S A B S L5 0L LT, B U
077 —EBR ENET OIS, EOMIZEERAROE V) OE IR EZ KT T L 5T
W5, Fie, VARY—A8F E SRS EET AER &%, FEFEOKRETIEL, b= R
XL R TORIGTHRF TH > T, RHEROFG] 2 R TRV E AR T FEM ATRE TH - 7=

A RFEBWEDE RO G THR T L LTEZLND O, RAIZDOH ODFENE 72 1XKRIE T2
ZIGENEBEZBND. EREFEICBWT IO L ) RESTHOWE R o7 3FIlE, RiEROFEH % bR
WTx=2 R v BRI e Th - 7.

In vitro FEMEMEFERIZOWNT, 36 #hHICERBROFEMRRER A A3 DRI, EHNC X 56T
WRAOWEIIF DN/ T2,

FREHAE CTAIROFHMIICEE L CABRADIER TERZ -T2 L 24, Z< OERNFE . 7,
FEEWEVERERIC OV TS, BEZ OMOESCEE#EOBLS G, = R U U BRE G ois
DOREIEICEI V2 720 W ) B RN - T,

72721, ARt MEEHWD in vitro BEWEWEEER (in vitro PBMC #BR{E) TiE, b Mk
DANFIFERNA F W — RORE, SOGRHECEEZE O SO R OBV 2 e/ 2 B RN S
27z,

HAS R CIIRAEERRE L D b R R VERRIEAELTIHEN D 0, FEWEYERER
WZOWTIET= Y R o U EBROEHAREE L BIZIRVEREST D Z & & ro T D, SRR RLES
H ORISR ERF I I OBENEH S TRV, FEEREIZH W THRKEL TOERMFNZOVTH
BWEMERBR L U b R b o VRO EMEE N OFER & 2o TS L, BASE T
R b U RBRAMESE T HIEN R A LIANE, A% 10mL 248 2 5 MESHN IR B R Bk 2 4
HREND -T2 Lnh, ZORBNCELE (R5E) KRB 2 1372 A Tl M E R EH ST b
HONBUETHELAFET D LEZ LND. ZIUH OFEWEYE R S - BAGRER T LT
b, FERCEBERMEIZTY B F XU U LANORBWENFET 2 AlREMER S M B o= R R %o 3l
DREE G H Z2BrE, BUTO AR HICHI> Ty R R ViR~ OE T 2 (BT 25 = & I3BU e
IbDEZZBND. LoL, TIVHFREEERERD SRR E SN BURRBIEIAL TlY, FEWEY/ER
ey R U BRICEE T 57-01001F, ZRFFFRACT PFXICRKEDOT Y K M 025 LT
DIVDIENT — X DR ERD B, T FOMEERZEI L DEEDNT X B E# OB EORET,
TV R IV URBRAET T O E L AR LB 5.

TR RV LSNORBWENTFET D AMREMER H DM H P > K R %o U alBRs R 72 50 B 1220
T, BURTIX U Y% AW T REWEWERRER L) EN RN - OREOMNL 2 BB A%< Bz b
nrz.

BEITON COAREBWEMERBR O X CTEAEIO b MK Z AW EAEIEICE D B2 5 D Tidz<,
T R XU BB R b DXy R XU U BRICETE 35 2 L3 LB 2 b, EREiia
2B DAL TO U RERHBNR G T, =2 K hF U UL 721 T A S E D 5ER
HERBRICE T 2 VXA S5 Z ERFRELE B 2 5.
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WMEZE CRERR) o4t
MEsMEE (BRINR) : 54k

* HRTr R b Uil JOVH R E 05k O SRt iRz ou N C
36 thr (T 2B T H A2 ET)

= R XU U BBRoEGRBRH Y 324
= R UodBRoFEmERe L 2 44k
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i RRER LIRS 7 L D44k
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*Correlation coefficient (r), an estimate of the correlation of x and y values in a series of n measurements.
*Included in the ECVAM Trial data report presented in Appendix D of the ICCVAM BRD.
%Where unknown, the ELC is calculated (see Section 12.2)
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1.0 PURPOSE AND APPLICABILITY

The purpose of this protocol is to describe the procedures used to evaluate the presence of Gram-
negative endotoxin, a pyrogen, in parenteral drugs. The presence of Gram-negative endotoxin is
detected by its ability to induce the release of interleukin (IL)-6 from monocytoid cells in whole
blood (WB). The concentration of IL-6 released by incubation of WB with a test substance or
controls (i.e., positive and negative) is quantified using an enzyme-linked immunosorbent assay
(ELISA) that includes monoclonal or polyclonal antibodies specific for IL-6. The amount of
pyrogen present is determined by comparing the values of endotoxin equivalents produced by
WB cells exposed to the test substance to those exposed to an internationally harmonized
Reference Standard Endotoxin (RSE)' or an equivalent standard expressed in Endotoxin Units
(EU)/mL. A test substance is considered pyrogenic if the endotoxin concentration of the test
substance exceeds the Endotoxin Limit Concentration (ELC) for the test substance.

The relevance and reliability of this test method to detect non-endotoxin pyrogens have not been
demonstrated in a formal validation study, although data are available in the literature to suggest
that this assay has the potential to serve this purpose.

2.0 SAFETY AND OPERATING PRECAUTIONS

All procedures that use human blood-derived materials should follow national/international
procedures for handling blood potentially contaminated with pathogens. An example of such
guidelines is the Universal Precautions available at
http://www.niehs.nih.gov/odhsb/biosafe/univers.htm. For non-human blood procedures (e.g.,
ELISAs), standard laboratory precautions are recommended including the use of laboratory
coats, eye protection, and gloves. If necessary, additional precautions required for specific
chemicals will be identified in the Material Safety Data Sheet (MSDS).

The stop solution used in the ELISA kit is acidic and corrosive and should be handled with the
proper personal protective devices. If this reagent comes into contact with skin or eyes, wash
thoroughly with water. Seek medical attention, if necessary.

Tetramethylbenzidine (TMB) solution contains a hydrogen peroxide substrate and 3, 3', 5,
5'-TMB. This reagent is a strong oxidizing agent and a suspected mutagen. Appropriate personal
protection should be used to prevent bodily contact.

Bacterial endotoxin is a toxic agent (i.e., can induce sepsis, shock, vascular damage, antigenic
response) and should be handled with care. Skin cuts should be covered and appropriate personal
protective devices should be worn. In case of contact with endotoxin, immediately flush eyes or
skin with water for at least 15 minutes (min). If inhaled, remove the affected individual from the
area and provide oxygen and/or artificial respiration as needed. Skin absorption, ingestion, or
inhalation may produce fever, headache, and hypotension.

'RSEs are internationally-harmonized reference standards (e.g., WHO-lipopolysaccharide [LPS] 94/580 Escherichia
coli [E. coli] O113:H10:K-; United States Pharmacopeia [USP] RSE E. coli LPS Lot G3E069; USP RSE E. coli Lot
G; FDA E. coli Lot EC6). Equivalent endotoxins include commercially available E. coli-derived LPS Control
Standard Endotoxin (CSE) or other E. coli LPS preparations that have been calibrated with an appropriate RSE.
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3.0 MATERIALS, EQUIPMENT, AND SUPPLIES

3.1 Blood Donor Eligibility

Monocytoid cells from fresh WB are the source of cytokine production in the WB/IL-6 test
method as described by Hartung and Wendel (1996), Pool et al. (1998), and Schindler et al.
(2006). In the United States (U.S.), the collection of blood and blood components for transfusion
and further manufacture (including the use of resulting monocytes in a licensed test) is currently
regulated under Section 351 of the Public Health Service (PHS) Act (U.S. Code [U.S.C.], Title
42, Chapter 6A) and/or the Federal Food Drug and Cosmetic Act (U.S.C., Title 21, Chapter 9),
both of which require compliance with Current Good Manufacturing Practice (cGMP)
regulations (21 CFR Parts 210, 211 and 600-640°).

These regulations and the associated FDA guidance's provide an important resource for
information regarding the currently accepted practice for blood manufacture and collection
(including donor screening) (http://www.fda.gov/cber/blood.htm). Specifically, guidance
regarding donor screening questionnaires and links to currently acceptable questionnaires can be
found at http://fda.gov/cber/gdIns/donorshitques.htm#iv. If you have any questions regarding the
application of blood regulations to your specific situation’, it is recommended that you e-mail the
Manufacturers Assistance and Technical Training (MATT) Branch established by FDA at
matt@cber.fda.gov for advice.

Any participating blood establishment should address how the unused components of blood
donations will be accounted for and ultimately destroyed, and if the establishment will store the
blood preparation, describe the storage procedures to be followed.

3.2 Equipment and Supplies

For all steps in the protocol, excluding the ELISA procedure, the materials that will be in close
contact with samples and/or blood cells (e.g., pipet tips, containers, solutions) should be sterile
and pyrogen-free.

3.2.1 Blood Incubation

3.2.1.1  Equipment
*  Centrifuge

* Hood; Bio-safety, laminar flow (recommended)
*  Incubator; cell culture (37+1°C + 5% CO,)

The requirements for WB can be found at 21 CFR 640.1 ef seg. In addition, there are specific regulations applicable
to red blood cells, platelets, and other blood components. See, for example, 21 CFR 640.10-640.27. Other
regulations applicable to the manufacture of blood and blood components include 21 CFR Part 606, the cGMP
requirements for blood and blood components, 21 CFR 610.40, the requirements for testing of WB donations, and
21 CFR 640.3, the requirements for determining the suitability of the donor. Blood that enters into U.S. interstate
commerce should be tested for antibodies to HIV 1/2, HCV, HTLV I and 11, HBc, HBsAg and RPR, WNV and
Chagas.

*The collection of blood for research and development purposes or as a component of an in vitro test (that is not
subject to licensure) may potentially not be required to adhere to the FDA regulations outlined above.
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Pipetter, multichannel (8- or 12-channel)
Pipetters, single-channel adjustable (20 and 200 uL)
Repeating pipetter

Vortex mixer

3.2.1.2  Consumables

Centrifuge tubes; polystyrene (15 and 50 mL)
Combitips; repeating pipetter (1.0 and 2.5 mL)
Needle set; multifly, pyrogen-free, 19 mm, 21 gauge
Plates; microtiter, 96-well, polystyrene, tissue culture
Pyrogen-free saline (PFS)

Reaction tubes; polystyrene (1.5 mL)

Reservoirs; for blood collection

Tips; pipetter, sterile, pyrogen-free (20 and 200 uL)

3.2.2 ELISA
3.2.2.1  Equipment

Microplate mixer

Microplate reader (450 nm with an optional reference filter in the range of 540-
590 nm)’

Microplate washer (optional)

Multichannel pipetter

3.2.2.2  Consumables

Container; storage, plastic

Deionized water; nonsterile

Plates; microtiter, 96-well, polystyrene
Pyrogen-free water (PFW)

Reservoirs; fluid

Tips; pipetter, nonsterile

Tubes; polystyrene (12 mL)

*The TMB chromagen is measured at OD,so. However, the use of an IL-1p ELISA kit with a chromagen other than
TMB is acceptable. The ELISA should be measured at a wavelength appropriate for the specific chromagen used.
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3.2.23  ELISA Kit

An ELISA that measures IL-6 release is used. A variety of IL-6 ELISA kits are commercially
available and the IL-6 ELISA procedure outlined in this protocol is intended to serve as an
example for using an ELISA kit. The IL-6 ELISA should be calibrated using an IL-6
international reference standard (e.g., World Health Organization [WHO] 89/548) prior to use.
The IL-6 cytokine assay kits do not provide the RSE or endotoxin equivalent; therefore this
reagent must be purchased separately. Results obtained using these products are subject to the
assay acceptability and decision criteria described in Sections 8.0 and 9.0. IL-6 ELISA kit
components may include the following:

* ELISA plates coated with anti-human IL-6 capture antibody; monoclonal or
polyclonal

* Buffered wash solution

¢ Dilution buffer

* Enzyme-labeled detection antibody
¢  Human IL-6 reference standard

* PFS

¢ Stop solution

o TMB?/substrate solution

3.3 Chemicals

*  Endotoxin (e.g., WHO-lipopolysaccharide [LPS] 94/580 Escherichia coli [E. coli]
O113:H10:K-; United States Pharmacopeia [USP] RSE E. coli LPS Lot G3E069;
USP RSE E. coli Lot G; FDA E. coli Lot EC6)

34 Solutions
ELISA solutions are listed in Section 3.2.

4.0 ASSAY PREPARATION

All test substances, endotoxin, and endotoxin-spiked solutions should be stored as specified in
the manufacturer's instructions. The collection of WB is outlined in Section 6.1.

4.1 Endotoxin Standard Curve

An internationally harmonized RSE or equivalent is used to generate the endotoxin standard
curve. The use of any other E. coli LPS requires calibration against a RSE using the WB/IL-6
pyrogen test. A standard endotoxin curve consisting of a Negative Saline Control (NSC) and five
RSE concentrations (0.125, 0.25, 0.50, 1.0, and 2.0 EU/mL) are included in the incubation step
(refer to Table 4-1) and then transferred to the ELISA plate. To prepare the endotoxin standard
curve, first obtain a 2000 EU/mL stock solution by addition of PFW to the lyophilized content of

>The use of an IL-6 ELISA kit with a chromagen other than TMB is acceptable.
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the stock vial by following the instructions provided by the manufacturer (e.g., 5 mL of PFW is
added to a vial containing 10,000 EU). To reconstitute the endotoxin, the stock vial should be
vortexed vigorously for at least 30 min or sonicated in a bath sonicator for at least 5 min.
Subsequent dilutions should be vortexed vigorously immediately prior to use. The stock solution
is stable for not more 14 days when stored at 2 to 8°C or for up to 6 months when kept in a -20°C
freezer. An endotoxin standard curve is prepared as described in Table 4-1 by making serial
dilutions of the stock solution in PFS with vigorous vortexing at each dilution step. Dilutions
should not be stored, because dilute endotoxin solutions are not as stable as concentrated
solutions due to loss of activity by adsorption, in the absence of supporting data to the contrary.

Table 4-1 Preparation of Endotoxin Standard Curve

Endotoxin
Stock Endotoxin L of Stock Concentration
EU/mL' lLEndotoxin AL GILEE in Tube
EU/mL
2000 20 1980 20*
20 100 900 2.0
2.0 500 500 1.0
1.0 500 500 0.50
0.50 500 500 0.25
0.25 500 500 0.125
0 0 1000 0

Abbreviations: EU = Endotoxin units; PFS = Pyrogen-free saline

Each stock tube should be vortexed prior to its use to make the subsequent dilution.

'To reconstitute the endotoxin, the stock vial should be vortexed vigorously for at least 30 min or sonicated in a bath
sonicator for at least 5 min. Subsequent dilutions should be vortexed vigorously immediately prior to use.

*A 2000 EU/mL stock solution of endotoxin is prepared according to the manufacturer's instructions.

? The stock solution is stable for not more 14 days when stored at 2 to 8°C or for up to 6 months when kept in a -
20°C freezer.

*This concentration is not used in the assay.

4.2 Interference Test

For every test substance lot, interference testing must be performed to check for interference
between the test substance and the cell system and/or ELISA. The purpose of the interference
test is to determine whether the test substance (or specific lot of test substance) has an effect on
cytokine release.

4.2.1 Interference with the Cell System

All test substances must be labeled as pyrogen-free (i.e., endotoxin levels at an acceptable level
prior to release by the manufacturer) to ensure that exogenous levels of endotoxin do not affect
the experimental outcome. Liquid test substances should be diluted in PFS. Solid test substances
should be prepared as solutions in PFS or, if insoluble in saline, dissolved in dimethyl sulfoxide
(DMSO) and then diluted up to 0.5% (v/v) with PFS, provided that this concentration of DMSO
does not interfere with the assay. To ensure a valid test, a test substance cannot be diluted
beyond its Maximum Valid Dilution (MVD) (refer to Section 12.3). The calculation of the MVD
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is dependent on the ELC for a test substance. The ELC can be calculated by by dividing the
threshold human pyrogenic dose by the maximum recommended human dose in a single hour
period (see Section 12.2) (USP 2007; FDA 1987). Furthermore, test substances should not be
tested at concentrations that are cytotoxic to blood cells.

4.2.1.1  Reference Endotoxin for Spiking Test Substances

The WHO-LPS 94/580 [E. coli O113:H10:K-] or equivalent internationally harmonized RSE is
recommended for preparation of the endotoxin-spike solution and the endotoxin standard curve
(see Section 4.1).

4.2.1.2  Spiking Test Substances with Endotoxin

Non-spiked and endotoxin-spiked test substances are prepared in quadruplicate and an in vitro
pyrogen test is performed. A fixed concentration of the RSE (i.e., 1.0 EU/mL or a concentration
equal to or near the middle of the endotoxin standard curve) is added to the undiluted test
substance (or in serial two-fold dilutions, not to exceed the MVD). An illustrative example of
endotoxin-spiking solutions is shown in Table 4-2. For non-spiked solutions, 50 uL of PFS is
added to a well followed by 50 uL. of WB and mixed by inversion. Then, 50 uL of the test
substance (i.e., equivalent to the negative product control [NPC]) is added followed by 100 uL of
PFS and the well contents are mixed. Endotoxin-spiked solutions are prepared by adding 50 uL
of PFS to each well followed by 50 uL of WB and mixed by inversion. Then, 50 uL of the test
substance, 50 uL of an endotoxin-spike solution (1.0 EU/mL), and 50 uL of PFS (i.e., equivalent
to the positive product control [PPC]) are added to each well. The contents of the wells are
mixed and incubated as outlined in Section 6.1.3, Steps 6-8. An ELISA is then performed as
outlined in Section 6.2, without the IL-6 standard curve.

Table 4-2 Preparation of Endotoxin-Spiked and Non-Spiked Solutions for
Determination of Test Substance Interference

Sample Addition Spiked Non-spiked
uwL/well'
PFS (total volume added) 100° 150°
Endotoxin-spike solution’ 50 0
Test substance (neat and each serial dilution) 50 50
WB 50 50
Total® 250 250

Abbreviations: PFS = Pyrogen-free saline; WB = Whole blood

'n=4 replicates each

*50 uL of WB and 50 uL of PFS are added to each well and mixed by inversion prior to the addition of the
remaining components and volume of PFS.

*Endotoxin concentration is 1.0 EU/mL in PFS.

*A total volume of 250 uL per well is used for the incubation.

The optical density (OD) values of the endotoxin-spiked and non-spiked test substances are
calibrated against the endotoxin calibration curve. The resulting EU value of the non-spiked test
substance is subtracted from the corresponding EU value of the endotoxin-spiked test substance
at each dilution. The spike recovery for each sample dilution is calculated as a percentage by
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setting the theoretical value (i.e., endotoxin-spike concentration of 1.0 EU/mL) at 100%. For
example, consider the following interference test results in Table 4-3:
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Table 4-3 Example of Interference Data Used to Determine Sample Dilution

Sample Dilution % Recovery of Endotoxin Control
None 25
1:2 49
1:4 90
1:8 110

If a spike recovery between 50% and 200% is obtained, then no interference of the test substance
with either the cell system or the ELISA is demonstrated (i.e., the test substance does not
increase or decrease the concentration of IL-6 relative to the endotoxin spike). The lowest
dilution (i.e., highest concentration) of a test substance that yields an endotoxin-spike recovery
between 50% and 200% is determined. The test substance is then diluted in serial two-fold
dilutions beginning at this dilution, not exceed the MVD for use in the assay. Based on the
results illustrated in Table 4-3, the initial dilution of the test substance would be 1:4 (i.c., the
lowest dilution between 50% and 200% of the 1.0 EU/mL EC).

4.2.2 Interference at the MVD
If the data obtained from the experiment in Section 4.2.1 suggests the presence of interference at
the MVD, then consideration should be given for using another validated pyrogen test method.

5.0 CONTROLS

5.1 Benchmark Controls

Benchmark controls may be used to demonstrate that the test method is functioning properly, or
to evaluate the relative pyrogenic potential of chemicals (e.g., parenteral pharmaceuticals,
medical device eluates) of a specific class or a specific range of responses, or for evaluating the
relative pyrogenic potential of a test substance. Appropriate benchmark controls should have the
following properties:

*  consistent and reliable source(s) for the chemicals (e.g., parenteral
pharmaceuticals, medical device eluates)

* structural and functional similarities to the class of substance being tested
*  known physical/chemical characteristics
* supporting data on known effects in animal models

* known potency in the range of response

5.2 Endotoxin Control

The EC (i.e., WB incubated with an internationally harmonized RSE) serves as the positive
control in each experiment. The results should be compared to historical values to insure that it
provides a known level of cytokine release relative to the NSC.
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5.3 Negative Saline Control

The NSC (i.e., WB incubated with PFS instead of the test substance) is included in each
experiment in order to detect nonspecific changes in the test system, as well as to provide a
baseline for the assay endpoints.

54 Solvent Control

Solvent controls are recommended to demonstrate that the solvent is not interfering with the test
system when solvents other than PFS are used to dissolve test substances.

6.0 EXPERIMENTAL DESIGN
6.1 Incubation with Test Samples and Measurement of IL-6 Release

6.1.1 Collection of Human Blood

Human volunteers that have met the donor eligibility criteria described in Section 3.1 are used as
the source of WB. All components of the blood collection system (e.g., syringes, tubes,
connecting lines) must be sterile and pyrogen-free. WB is drawn by venipuncture® from the
medial cubital or cephalic vein of either the right or left arm and collected in a sterile container
that contains anticoagulant solution (e.g., heparin). The total volume of blood collected per donor
(i.e., up to 500 mL) will be dictated by experimental design and determined by the test method
user. WB should be stored at room temperature (RT) and must be used within 4 hr’. All
subsequent handling of WB should be performed in a laminar flow hood using sterile technique
to prevent contamination.

Prior to use in the assay, an equal volume of WB from multiple individual donors should be
pooled®.

6.1.2 Incubation Plate

Test substances are prepared at a level of dilution that did not show interference with the test
system, provided that this dilution does not exceed the MVD. Each incubation plate can
accommodate an endotoxin standard curve, a NSC, and 14 test substances (see Table 6-1).

SWB is obtained using Universal Precautions (e.g., latex gloves, labcoats, safety glasses) and sterile equipment (e.g.,
syringes, needles, collection tubes) within a hospital or clinical setting by qualified and adequately trained personnel
(i.e., registered nurse, licensed phlebotomist, or medical doctor).

’Although the ECVAM SOP did not describe the use of cryopreserved WB for the WB/IL-6 test method, the use of
cryopreserved WB with the WB/IL-1 test method was outlined and this methodology may also be appropriate for the
WBY/IL-6 test method, but this has yet to be demonstrated.

*Multiple donors (i.e., a minimum of three) should meet the acceptability criteria as outlined in Section 8.0 either as
a pool of multiple individual donors or as multiple individual donors tested independently.
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Table 6-1 Overview of Incubation Plate Preparation in the WB/IL-6 Pyrogen Test
Numb PFS EC Test WB ol
umber samples; Mix the
of Wells Sample Sample incub:l)te for samples;
16 to 24 hr at | immediately
pL 37+1°Cin a | transfer to an
20" EC 100 50 0 50 humidified | ELISA plate®
4 NSC 150 0 0 50 atmosphere and run
Test with 5% ELISA.
56 samples 100 0 50 50 CO,.
(1-14)

Abbreviations: EC = Endotoxin control; IL-6 = Interleukin-6; NSC = Negative saline control; PFS = Pyrogen-free
saline WB = Whole blood

'Five EC concentrations (0.125,0.25,0.50, 1.0, and 2.0 EU/mL) in quadruplicate

*14 test samples (n=4 each) per plate

’An IL-6 standard curve is prepared in Columns 11 and 12 on the ELISA plate (see Table 6-3). Therefore, 80 wells
are available for test samples and controls on the incubation plate.

6.1.3 Incubation Assay for IL-6 Release

Test substances should be vortexed vigorously for at least 30 min or sonicated in a bath sonicator
for at least 5 min prior to use in the assay. Test substances should be prepared in serial two-fold
dilutions beginning at a level of dilution that did not show interference with the test system (see
Section 4.2) in as many subsequent dilutions that are necessary to be within the linear range of
the endotoxin standard curve, not to exceed the MVD. Blood samples are prepared in a
microtiter plate using a laminar flow hood. All consumables and solutions must be sterile and
pyrogen-free. Each plate should be labeled appropriately with a permanent marker. An overview
of the incubation plate preparation is shown in Table 6-1. The incubation procedure is outlined
below:

*  Step 1. Refer to the incubation plate template presented in Table 6-2.
*  Step 2. Using a pipetter, transfer 100 uL of PFS into each well.

e Step 3. Transfer 50 uL of test sample or 50 uL of PFS for the NSC into the
appropriate wells as indicated in the template.

e Step 4. Transfer 50 uL of the EC (standard curve) in quadruplicate into the
appropriate wells according to the template.

*  Step 5. Transfer 50 uL of WB into each well and mix by gently swirling the plate.

*  Step 6. Mix the contents of the wells thoroughly by gently pipetting up and down
several times using a multichannel pipetter, changing the tips between each row in
order to avoid cross-contamination.

e Step 7. Place the covered plate in a tissue culture incubator for 16 to 24 hr at
37+1°C in a humidified atmosphere containing 5% CO..
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*  Step 8. Prior to transferring the test samples to the ELISA plate, mix the contents
of the wells by pipetting up and down using a multichannel pipetter, changing the
tips between each row in order to avoid cross-contamination.

Table 6-2 Incubation Plate - Sample and Control Template

1 2 3 4 5 6 7 8 9 10 11 12

EC' | EC EC EC 5 .
A5 0 0 20 TS3 TS3 TS3 TS3 | TS11 | TS11 | Void® | Void

EC EC EC EC . .
B 10 10 1.0 1.0 TS4 TS4 TS4 TS4 TS11 | TS11 Void | Void

EC EC EC EC . .
C 050 | 050 0,50 0,50 TS5 TS5 TS5 TS5 TS12 | TS12 | Void | Void

EC EC EC EC
0.25 | 0.25 0.25 0.25

=]

TS6 TS6 TS6 TS6 TS12 | TS12 | Void | Void

EC EC EC EC

0125 | 0125 | 0.125 | 0.125 TS7 TS7 TS7 TS7 TS13 | TS13 Void | Void

NSC | NSC | NSC NSC TS8 TS8 TS8 TS8 TS13 | TS13 | Void | Void

E
F
G | TS1° | TSI TS1 TS1 TS9 TS9 TS9 TS9 TS14 | TS14 | Void | Void
H | TS2 | TS2 TS2 TS2 TS10 TS10 TS10 TS10 | TS14 | TS14 | Void | Void

Abbreviations: EC = Endotoxin control; NSC = Negative saline control; TS = Test substance

" EC value (e.g., EC 2.0) represents the endotoxin concentration in EU/mL.

* TS number (e.g., TS 1) represents an arbitrary sequence for individual test substances.

? Columns 11 and 12 are reserved for the IL-6 standard curve on the ELISA plate (see Table 6-3).

6.2 ELISA to Measure IL-6 Release

6.2.1 IL-6 Standard Curve

An IL-6 standard, supplied with the ELISA kit, is used. IL-6 standards are typically supplied in
lyophilized form and should be reconstituted according to the manufacturer's instructions. The

stock solution should be diluted in PFS to the following concentrations: 0, 62.5, 125, 250, 500,
1000, 2000, and 4000 pg/mL in volumes of at least 500 uL. Each well on the ELISA plate will
receive 50 uL of an IL-6 blank or standard.

6.2.2 ELISA

The manufacturer's instructions provided with the ELISA kit should be followed and a typical
experimental design is outlined below. The ELISA should be carried out at RT and therefore all
components must be at RT prior to use. Frozen specimens should not be thawed by heating them
in a water bath. A suggested ELISA plate template is shown in Table 6-3, which includes a five-
point EC standard curve, an eight-point IL-6 standard curve (0 to 4000 pg/mL), and available
wells for up to 14 test substances and a NSC each in quadruplicate. The EC standard curve, the
NSC, and the test sample supernatants are transferred directly from the incubation plate. The IL-
6 standard curve is prepared as described in Section 6.2.1. An overview of the ELISA plate
preparation is shown in Table 6-4.

Step 1. After pipetting up and down three times to mix the supernatant, transfer 50 uL.
from each well of the Incubation Plate (A1-10; H1-10) to the ELISA plate.
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Step 2. Add 50 uL of each IL-6 standard (0 to 4000 pg/mL) into the respective wells
on the ELISA plate.

Step 3. Add 200 uL of the enzyme-labeled detection antibody (neat as supplied, or
diluted, if necessary) to each of the wells.

Step 4. Cover the microtiter plate(s) with adhesive film and incubate for 2 to 3 hr at
RT.

Step 5. Decant and wash each well three times with 300 uL. Buffered Wash Solution

and then rinse three times with deionized water. Place the plates upside down and tap
to remove water.

Step 6. Add 200 uL of TMB/Substrate Solution to each well and incubate at RT in the
dark for 15 min. If necessary, decrease the incubation time.

Step 7. Add 50 uL of Stop Solution to each well.
Step 8. Tap the plate gently after the addition of Stop Solution to aid in mixing.

Step 9. Read the OD4so within 15 min of adding the Stop Solution. Measurement with
a reference wavelength of 540 to 590 nm is recommended.’

Table 6-3 ELISA Plate - Sample and Control Template

1 2 3 4 5 6 7 8 9 10 11 12
A ];%1 PO ES ] RS | rss | rs3 | Ts3 | Ts3 [ Tsu| Tsu IL(;63 o
B fco fco fco fco TS4 TS4 TS4 TS4 | TS11 | TSI1 16ng I6L22
C oE.So o?go o?go o?go TS5 TS5 | TS5 TS5 | TS12 | TSI2 11L256 Ile' 56
P | 035 | 025 | 025 | oas | TS | T6 | TS | TS |Tsi2| 1si2 | o | g
® | 025 | 025 | onzs | omas | T | TT | TST | TST|TSI3| TSI | p | g
F I Nsc | NsC | NsC | Nsc | Ts8 | Tsg | Tsg | TS8 | TSI3 | Ts13 | o0 | 1L
G | 1s1?2 | TS1 | TSI TS1 TS9 TS9 TS9 TS9 | TS14 | TS14 ;g(')% ;g(')%
H | 1s2 | TS2 | TS2 | TS2 | TS10 | TS10 | TS10 | TS10 | TS14 | TS14 4%[)?) 4%[)?)

Abbreviations: EC = Endotoxin control; NSC = Negative saline control; TS = Test substance
'EC value (e.g., EC 2.0) represents the endotoxin concentration in EU/mL.

>TS number (e.g., TS1) represents an arbitrary sequence for individual test substances.

’IL-6 values in columns 11 and 12 are in pg/mL.

The TMB chromagen is measured at OD,so. However, the use of an IL-1f ELISA kit with a chromagen other than
TMB is acceptable. The ELISA should be measured at a wavelength appropriate for the specific chromagen used.
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Table 6-4 Overview of ELISA Procedure
Material IL-6 Ddecanth
transfer Enzyme- and was
from sta(l(;(:zrd labzle d each well TMB/Sul.)strate StoP
Incubation 4000 | Antibody three Solution Solution Read
Plate pg/mL) (L Cover the | "M€S (wL) Incubate | 1) | cach well
nL) X with 300 for less
(wL) (nL) Incubation L than 15 at ODys0
Plate and t . with a
incubate Buffered min at 540 to
Wash RT in
for2to3 . 590 nm
Solution the
hr at RT. and thr dark reference
50 50 200 timesee 200 ' 50 filter.
with
deionized
water.

Abbreviations: ODys5o= Optical density at 450 nm; RT = Room temperature

7.0 EVALUATION OF TEST METHODS

7.1

The OD of each well is obtained by reading the samples in a standard microplate
spectrophotometer (i.e., plate reader) using a visible light wavelength of 450 nm (ODas¢) with a
540 to 590 nm reference filter (recommended)'’. OD values are used to determine assay
acceptability and in the decision criteria for pyrogen detection (see Sections 8.0 and 9.0).

OD Measurements

8.0

An EC (five-point standard curve) and a NSC should be included in each experiment. An IL-6
standard curve should be included in each ELISA as shown in the template presented in Table 6-
3. An assay is considered acceptable only if the following minimum criteria are met:

CRITERIA FOR AN ACCEPTABLE TEST

¢ The quadratic function of the IL-6 standard curve produces an r =0.95'' and the
OD of the blank control is below 0.15.

*  The endotoxin standard curve produces OD values that ascend in a sigmoidal
concentration response.

Blood donors (or a pool of blood donors) are considered to be high responders if their
concentration of IL-6 is greater than 200 pg/mL. High responders should be excluded from
analysis. The preparation being examined is required to pass the test with blood donations from
at least three different donors (i.e., either as a pool of three individual donors or as three
individual donors tested independently).

'"The TMB chromagen is measured at OD,so. However, the use of an IL-1p ELISA kit with a chromagen other than
TMB is acceptable. The ELISA should be measured at a wavelength appropriate for the specific chromagen used.
HCorrelation coefficient (r), an estimate of the correlation of x and y values in a series of n measurements.
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An outlying observation that represents either a pool of multiple independent donors or a single
individual donor may be excluded if there is confirmation that the accuracy of the medical
information provided by an individual donor is suspect, or if the aberrant response is identified
using acceptable statistical methodology (e.g., Dixon's test [Dixon 1950; Barnett and Lewis
1994], Grubbs' test [Barnett and Lewis 1994; Grubbs 1969; Iglewicz and Houghlin 1993]).

9.0 DATA INTERPRETATION/DECISION CRITERIA

9.1 Decision Criteria for Pyrogen Detection

A test substance is considered pyrogenic when the endotoxin concentration of the test substance
exceeds the ELC for the test sample. The ELC can be calculated as shown in Section 12.2.

10.0 STUDY REPORT
The test report should include the following information:
Test Substances and Control Substances
*  Name of test substance
*  Purity and composition of the substance or preparation
*  Physicochemical properties (e.g., physical state, water solubility)
*  Quality assurance data

*  Treatment of the test/control substances prior to testing (e.g., vortexing,
sonication, warming, resuspension solvent)

Justification of the Test Method and the Protocol Used
Test Method Integrity

*  The procedure used to ensure the integrity (i.e., accuracy and reliability) of the
test method over time

*  If the test method employs proprietary components, documentation on the
procedure used to ensure their integrity from “lot-to-lot” and over time

*  The procedures that the user may employ to verify the integrity of the proprietary
components

Criteria for an Acceptable Test
*  Acceptable concurrent positive control ranges based on historical data
*  Acceptable negative control data
Test Conditions
*  Cell system used
*  (Calibration information for the spectrophotometer used to read the ELISA

¢ Details of test procedure used
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*  Description of any modification to the test procedure
*  Reference to historical data of the model
*  Description of the evaluation criteria used
Results
*  Tabulation of data from individual test samples
Description of Other Effects Observed
Discussion of the Results
Conclusion
A Quality Assurance Statement for Good Laboratory Practice (GLP)-Compliant Studies

*  This statement should indicate all inspections made during the study and the dates
any results were reported to the Study Director. This statement should also
confirm that the final report reflects the raw data.

If GLP-compliant studies are performed, then additional reporting requirements provided in the
relevant guidelines (e.g., OECD 1998; EPA 2003a, 2003b; FDA 2003) should be followed.
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12.0 TERMINOLOGY AND FORMULA

12.1 Assay Sensitivity (\)"

The variable A is defined as the labeled sensitivity (in EU/mL) of the LAL Reagent in
endpoint assays (e.g., the BET gel-clot technique). For kinetic BET assays, A is the lowest
point used in the endotoxin standard curve.

12.2 Endotoxin Limit Concentration (ELC)"?

The ELC for parenteral drugs is expressed in Endotoxin Units (EU) per volume (mL) or
weight (mg). The ELC is equal to K/M, where:

K is the threshold human pyrogenic dose of endotoxin (EU) per body weight (kg). K is equal
to 5.0 EU/kg for intravenous administration. For intrathecal administration, K is equal to 0.2
EU/kg (see also Section 12.5).

M is the rabbit test dose or the maximum recommended human dose of product (mL or mg)
per body weight (kg) in a single hour period (see also Section 12.8).

For example, if a non-intrathecal product were used at an hourly dose of 10 mL per patient,
then the ELC would be 0.50 EU/mL.

12.3 Maximum Valid Dilution (MVD)"?

The MVD is the maximum allowable dilution of a test substance at which the endotoxin limit
can be determined. The calculation of the MVD is dependent on the ELC for a test substance.
When the ELC is known, the MVD is':

MVD = (ELC x Product Potency [PP])/A

As an example, for Cyclophosphamide Injection, the ELC is 0.17 EU/mg, PP is 20
mg/mL, and the assay sensitivity is 0.065 EU/mL. The calculated MVD would be 1:52.3 or
1:52. The test substance can be diluted no more than 1:52 prior to testing.

If the ELC is not known, the MVD is':
MVD = PP/Minimum Valid Concentration (MVC)
where, MVC = (A x M)/K
where, M is the maximum human dose
As an example, for Cyclophosphamide Injection, the PP is 20 mg/mL, M is 30 mg/kg,
and assay sensitivity is 0.065 EU/mL. The calculated MVC is 0.390 mg/mL and the MVD is
1:51.2 or 1:51. The test substance can be diluted no more than 1:51 in the assay prior to
testing.

124 Negative Product Control (NPC)

For interference testing, the NPC is a test sample to which pyrogen-free saline (PFS) is
added. The NPC is the baseline for determination of cytokine release relative to the
endotoxin-spiked PPC.

'From FDA (1987)
From USP (2007)
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12.5 Parenteral Threshold Pyrogen Dose (K)'*

The value K is defined as the threshold human pyrogenic dose of endotoxin (EU) per body
weight (kg). K is equal to 5.0 EU/kg for parenteral drugs except those administered
intrathecally; 0.2 EU/kg for intrathecal drugs.

12.6 Positive Product Control (PPC)

For interference testing, the PPC is a test substance spiked with the control standard
endotoxin (i.e., 0.5 EU/mL or an amount of endotoxin equal to that which produces Y4 the
maximal increase in optical density (OD) from the endotoxin standard curve) to insure that
the test system is capable of endotoxin detection in the product as diluted in the assay.

12.7 Product Potency (PP)"*

The test sample concentration expressed as mg/mL or mL/mL.

12.8 Rabbit Pyrogen Test (RPT) Dose or Maximum Human Dose (V)2

The variable M is equal to the rabbit test dose or the maximum recommended human dose of
product per kg of body weight in a single hour period. M is expressed in mg/kg or mL/kg and
varies with the test substance. For radiopharmaceuticals, M equals the rabbit dose or
maximum human dose/kg at the product expiration date or time. Use 70 kg as the weight of
the average human when calculating the maximum human dose per kg. If the pediatric
dose/kg is higher than the adult dose, then it shall be the dose used in the formula.
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Appendix C4
The Human Peripheral Blood Mononuclear Cell (PBMC)/IL-6 In Vitro Pyrogen Test
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ICCVAM Final Recommended Protocol for Future Studies Using the Human
Peripheral Blood Mononuclear Cell (PBMC)/Interleukin (IL)-6 In Vitro Pyrogen Test

PREFACE

This protocol is for the detection of Gram-negative endotoxin, a pyrogen, in parenteral drugs,
as indicated by the release of IL-6 from human peripheral blood mononuclear cells (PBMCs).
This protocol is based on information obtained from 1) the European Centre for the
Validation of Alternative Methods (ECVAM)' PBMC/IL-6 Background Review Document
(BRD) presented in Appendix A of the Interagency Coordinating Committee on the
Validation of Alternative Methods (ICCVAM) BRD (available at
http://iccvam.niehs.nih.gov/methods/pyrogen/pyr_brd.htm), and 2) information provided to
the National Toxicology Program (NTP) Interagency Center for the Evaluation of Alternative
Toxicological Methods (NICEATM) by Dr. Thomas Hartung, Head of ECVAM. The
ICCVAM BRD includes the ECVAM Standard Operating Procedures (SOPs) for the
PBMC/IL-6 test (could be referred to as Monocyte Activation Test), which is based on
various methods that use human PBMCs to detect cytokine production as a measure of
pyrogen presence (Bleeker et al. 1994; Dinarello et al. 1984; Poole et al. 2003). A table of
comparison between the ICCVAM recommended protocol and the ECVAM SOPs is
provided in Table 1.

Users should contact the relevant regulatory authority for guidance when using this
ICCVAM recommended protocol to demonstrate product specific validation, and any
deviations from this protocol should be accompanied by scientifically justified rationale.
Future studies using the PBMC/IL-6 pyrogen test may include further characterization of the
usefulness or limitations of the assay for regulatory decision-making. Users should be aware
that this protocol might be revised based on additional optimization and/or validation studies.
ICCVAM recommends that test method users routinely consult the ICCVAM/NICEATM
website (http://iccvam.niehs.nih.gov) to ensure that the most current protocol is used.

'ECVAM is a unit of the Institute for Health and Consumer Protection at the European Commission's Joint
Research Centre.
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Comparison of ICCVAM Recommended Protocol with the ECVAM SOPs for the PBMC/IL-6 Pyrogen Test

Table 1
ECVAM Catch-Up e 1
Protocol Component ICCVAM Protocol Validation SOP" ECVAM Validation SOP
Test neat or in serial dilutions that
Test at MVD Test at MVD

Test Substance

produce no interference, not to exceed the
MVD

Number of Blood Donors

Minimum of 3 (independent or pooled)

Minimum of 3° (independent)

Minimum of 4 (independent)

Decision Criteria for Interference

Mean OD’ of PPC is 50% to 200% of 0.25

Mean OD of PPC is 50% to 200%

Mean OD of PPC is 50% to
200% of 0.25 EU/mL EC

EU/mL EC 0f 0.25 EU/mL EC
NSC (1) NSC (1) NSC (1)
Incubation Plate for ELISA EC (5) EC (5) EC (5)
(The number of samples or controls TS (14) TS (2) x EC (5) spikes =10 TS TS (2) x EC (5) spikes =10 TS
measured in quadruplicate) ppC’ (0) PPC(2)=2TS PPC(2)=2TS
NPC’ (0) NPC (2) =2TS NPC (2) =2TS
ELISA Plate Includes seven point IL-6 SC and blank in | Includes seven point IL-6 SC and Includes seven point IL-6 SC
duplicate blank in duplicate and blank in duplicate
Mean OD of NSC =0.15

Assay Acceptability Criteria

Mean OD of NSC <0.15

Mean OD of NSC <0.15

Quadratic function of IL-6 SC r =0.95°

Quadratic function of IL-6 SCr
=0.95

Quadratic function of IL-6 SCr
=0.95

EC SC produces OD values that ascend in
a sigmoidal concentration response

EC SC produces OD values that
ascend in a sigmoidal
concentration response

EC SC produces OD values that
ascend in a sigmoidal
concentration response

High responder blood donors (i.e., > 200
pg/mL IL-6) or low responder blood
donors (i.e., Mean OD of 1EU/mL EC is
significantly less than that of 1000 pg/mL
IL-6) may be excluded

High responder blood donors (i.e.,

>200 pg/mL IL-6) or low

responder blood donors (i.e., Mean
OD of 1EU/mL EC is significantly
less than that of 1000 pg/mL IL-6)

may be excluded

High responder blood donors
(i.e., > 200 pg/mL IL-6) or low
responder blood donors (i.e.,
Mean OD of 1EU/mL EC is
significantly less than that of
1000 pg/mL IL-6) may be
excluded

Outliers rejected using
Dixon's test

Outliers rejected using
Dixon's test

Outliers rejected using
Dixon's test

Decision Criteria for Pyrogenicity

Endotoxin concentration
TS > ELC° TS

Endotoxin concentration
TS >ELC TS

Endotoxin concentration
TS > ELC TS’




Abbreviations: EC = Endotoxin control; ELC = Endotoxin limit concentration; ELISA = Enzyme-linked immunosorbent assay; EU = Endotoxin units; IL-6
= Interleukin-6; MVD = Maximum valid dilution; NSC = Negative saline control; OD = Optical density; PBMC = Peripheral blood mononuclear cell; PPC =
Positive product control; SC = Standard curve; SOP = Standard operating procedure; TS = Test substance

'ECVAM PBMC/IL-6 SOPs are presented in Appendix A of the ICCVAM BRD (available at http://iccvam.niehs nih.gov/methods/pyrogen/pyr_brd.htm).
*Sample are cryopreserved prior to use in the assay.

*Mean OD values are corrected (i.e., reference filter reading, if applicable, and NSC are subtracted).

*In the ICCVAM PBMC/IL-6 protocol, PPC and NPC are assessed in the interference test described in Section 4.2, which is performed prior to the ELISA.
>Correlation coefficient (r), an estimate of the correlation of x and y values in a series of n measurements.

®Where unknown, the ELC is calculated (see Section 12.2).

"Decision criteria for individual donors were defined in the ECVAM Validation SOP for the PBMC/IL-6 test method. Test method users should refer to
these criteria if multiple donors are tested independently.
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1.0 PURPOSE AND APPLICABILITY

The purpose of this protocol is to describe the procedures used to evaluate the presence of
Gram-negative endotoxin, a pyrogen, in parenteral drugs. The presence of Gram-negative
endotoxin is detected by its ability to induce the release of interleukin (IL)-6 from human
peripheral blood mononuclear cells (PBMCs). The concentration of IL-6 released by
incubation of PBMCs with a test substance or controls (i.e., positive and negative) is
quantified using an enzyme-linked immunosorbent assay (ELISA) that includes monoclonal
or polyclonal antibodies specific for IL-6. The amount of pyrogen present is determined by
comparing the values of endotoxin equivalents produced by PBMCs exposed to the test
substance to those exposed to an internationally harmonized Reference Standard Endotoxin
(RSE)' or an equivalent standard expressed in Endotoxin Units (EU)/mL. A test substance is
considered pyrogenic if the endotoxin concentration of the test substance exceeds the
Endotoxin Limit Concentration (ELC) for the test substance.

The relevance and reliability of this test method to detect non-endotoxin pyrogens have not
been demonstrated in a formal validation study, although data are available in the literature to
suggest that this assay has the potential to serve this purpose.

2.0 SAFETY AND OPERATING PRECAUTIONS

All procedures that use human blood-derived materials should follow national/international
procedures for handling blood potentially contaminated with pathogens. An example of such
guidelines is the Universal Precautions available at
http://www.niehs.nih.gov/odhsb/biosafe/univers.htm. For non-human blood procedures (e.g.,
ELISAs), standard laboratory precautions are recommended including the use of laboratory
coats, eye protection, and gloves. If necessary, additional precautions required for specific
chemicals will be identified in the Material Safety Data Sheet (MSDS).

The stop solution used in the ELISA kit is acidic and corrosive and should be handled with
the proper personal protective devices. If this reagent comes into contact with skin or eyes,
wash thoroughly with water. Seek medical attention, if necessary.

Tetramethylbenzidine (TMB) solution contains a hydrogen peroxide substrate and 3, 3°, 5,
5’- TMB. This reagent is a strong oxidizing agent and a suspected mutagen. Appropriate
personal protection should be used to prevent bodily contact.

Bacterial endotoxin is a toxic agent (i.e., can induce sepsis, shock, vascular damage,
antigenic response) and should be handled with care. Skin cuts should be covered and
appropriate personal protective devices should be worn. In case of contact with endotoxin,
immediately flush eyes or skin with water for at least 15 minutes (min). If inhaled, remove
the affected individual from the area and provide oxygen and/or artificial respiration as
needed. Skin absorption, ingestion, or inhalation may produce fever, headache, and
hypotension.

'RSEs are internationally-harmonized reference standards (e.g., WHO-lipopolysaccharide [LPS] 94/580
Escherichia coli [E. coli] O113:H10:K-; United States Pharmacopeia [USP] RSE E. coli LPS Lot G3E069; USP
RSE E. coli Lot G; FDA E. coli Lot EC6). Equivalent endotoxins include commercially available E. coli-
derived LPS Control Standard Endotoxin (CSE) or other E. coli LPS preparations that have been calibrated with
an appropriate RSE.
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3.0 MATERIALS, EQUIPMENT, AND SUPPLIES

3.1 Blood Donor Eligibility

PBMC:s from fresh whole blood (WB) are the source of cells for cytokine production in the
PBMC/IL-6 test method as reported by Poole et al. (2003)%. In the United States (U.S.), the
collection of blood and blood components for transfusion and further manufacture (including
the use of resulting PBMCs in a licensed test) is currently regulated under Section 351 of the
Public Health Service (PHS) Act (U.S. Code [U.S.C.], Title 42, Chapter 6A) and/or the
Federal Food Drug and Cosmetic Act (U.S.C., Title 21, Chapter 9), both of which require
compliance with Current Good Manufacturing Practice (¢cGMP) regulations (21 CFR Parts
210, 211 and 600-640°).

These regulations and the associated FDA guidance's provide an important resource for
information regarding the currently accepted practice for blood manufacture and collection
(including donor screening) (http://www.fda.gov/cber/blood.htm). Specifically, guidance
regarding donor screening questionnaires and links to currently acceptable questionnaires can
be found at http://www.fda.gov/cber/gdlns/donorhistques.htm#iv. If you have questions
regarding the applicability of blood regulations to your specific situation®, it is recommended
that you e-mail the Manufacturers Assistance and Technical Training (MATT) Branch
established by FDA at matt@cber.fda.gov for advice.

Any participating blood establishment should address how unused components of blood
donations will be accounted for and ultimately destroyed, and if the establishment will store
the blood preparation, describe the storage procedures to be followed.

3.2  Equipment and Supplies

For all steps in the protocol, excluding the ELISA procedure, the materials that will be in
close contact with samples and/or blood cells (e.g., pipet tips, containers, solutions) should be
sterile and pyrogen-free.

3.2.1 Preparation of PBMCs

3.2.1.1  Equipment
*  Centrifuge

* Hood; Bio-safety, laminar flow (recommended)

*As indicated by the ECVAM Catch-Up Validation SOP for the PBMC/IL-6 test method, PBMCs that have
been cryopreserved can also be used as the source of cells in the PBMC/IL-6 test method.

The requirements for WB can be found at 21 CFR 640.1 ef seg. In addition, there are specific regulations
applicable to red blood cells, platelets, and other blood components. See, for example, 21 CFR 640.10-640.27.
Other regulations applicable to the manufacture of blood and blood components include 21 CFR Part 606, the
c¢GMP requirements for blood and blood components, 21 CFR 610.40, the requirements for testing of WB
donations, and 21 CFR 640.3, the requirements for determining the suitability of the donor. Blood that enters
into U.S. interstate commerce should be tested for antibodies to HIV 1/2, HCV, HTLV I and II, HBc, HBsAg
and RPR, WNV and Chagas.

*The collection of blood for research and development purposes or as a component of an in vitro test (that is not
subject to licensure) may potentially not be required to adhere to the FDA regulations outlined above.
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3.2.1.2

3.2.2
3.2.2.1

Incubator; cell culture (37+1°C + 5% CO,)

Lymphoprep™

Pipetter; multichannel (8- or 12-channel)

Pipetters; single-channel adjustable (20, 200, and 1000 uL)
Repeating pipetter

Vortex mixer

Consumables

Centrifuge tubes; polystyrene (15 and 50 mL)
Combitips; repeating pipetter (2.5 and 5.0 mL)
Cryotubes; screw-cap, 2 mL

Filters; sterile, 0.22 um

Needle set; multifly, pyrogen-free, 19 mm, 21 gauge
Phosphate buffered saline (PBS); sterile

Pipettes; serological, sterile (5, 10, and 25 mL)
Plates; microtiter, 96-well, polystyrene, tissue culture
Pyrogen-free saline (PFS)

Reaction tubes; polystyrene (1.5 mL)

Reservoirs; for blood collection

RPMI-1640 cell culture medium (500 mL); supplemented with the following
reagents to yield RPMI-C

o Human serum albumin (HSA); 5 mL or a 1% final concentration)
o L-Glutamine; 200 mM

o  Penicillin/streptomycin (10,000 IU/mL penicillin, 10 mg/mL
streptomycin)

Syringes; sterile (100 uL. and 30 mL)
Tips; pipetter, sterile, pyrogen-free (20, 200, and 1000 uL)

ELISA
Equipment

Microplate mixer
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*  Microplate reader (450 nm with an optional reference filter in the range of
540-590 nm)’

*  Microplate washer (optional)

*  Multichannel pipetter
3.2.2.2  Consumables

*  Container; storage, plastic

*  Deionized water; nonsterile

*  Plates; microtiter, 96-well, polystyrene

*  Pyrogen-free water (PFW)

e Reservoirs; fluid

*  Tips; pipetter, nonsterile

*  Tubes; polystyrene (12 mL)
3.2.23  ELISA Kit
An ELISA that measures IL-6 release is used. A variety of IL-6 ELISA kits are commercially
available and the IL-6 ELISA procedure outlined in this protocol is intended to serve as an
example for using an ELISA kit. The IL-6 ELISA should be calibrated using an IL-6
international reference standard (e.g., World Health Organization [ WHO] 89/548) prior to
use. The IL-6 cytokine assay kits do not provide the RSE or endotoxin equivalent; therefore,
this reagent must be purchased separately. Results obtained using these products are subject

to the assay acceptability and decision criteria described in Sections 8.0 and 9.0. IL-6 ELISA
kit components may include the following:

*  ELISA plates coated with anti-human IL-6 capture antibody; monoclonal or
polyclonal

*  Buffered wash solution

¢  Dilution buffer

*  Enzyme-labeled detection antibody
¢ Human IL-6 reference standard

* PFS

e Stop solution

e TMBsubstrate solution

>The TMB chromagen is measured at OD,so. However, the use of an IL-1f3 ELISA kit with a chromagen other
than TMB is acceptable. The ELISA should be measured at a wavelength appropriate for the specific
chromagen used.

%The use of an IL-6 ELISA kit with a chromagen other than TMB is acceptable.
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3.3 Chemicals

*  Endotoxin (e.g., WHO-lipopolysaccharide [LPS] 94/580 Escherichia coli [E.
coli] O113:H10:K-; United States Pharmacopeia [USP] RSE E. coli LPS Lot
G3E069; USP RSE E. coli Lot G; FDA E. coli Lot EC6)

34 Solutions

*  RPMI-C cell culture medium; supplemented as described in Section 3.2.1.2

4.0 ASSAY PREPARATION

All test substances, endotoxin, and endotoxin-spiked solutions should be stored as specified
in the manufacturer's instructions. The collection of WB, the isolation of PBMCs from WB,
and the procedure for cryopreservation of PBMC:s is outlined in Section 6.1.

4.1 Endotoxin Standard Curve

An internationally harmonized RSE or equivalent is used to generate the endotoxin standard
curve. The use of any other E. coli LPS requires calibration against a RSE using the
PBMCY/IL-6 pyrogen test. A standard endotoxin curve consisting of a Negative Saline
Control (NSC) and five RSE concentrations (0.063, 0.125, 0.25, 0.50, and 1.0 EU/mL) are
included in the incubation step (refer to Table 4-1) and then transferred to the ELISA plate.

Table 4-1 Preparation of Endotoxin Standard Curve

i Endotoxin
Stoci;[l}:/l::llgoxm MEL :;f Sto.c . nL of PFS Concentration
ndotoxin EU/mL
2000* 40 3960 200
20 100 1900 1.0
1.0 500 500 0.50
0.50 500 500 025
0.25 500 500 0.125
0.125 500 500 0.063
0 0 1000 0

Abbreviations: EU = Endotoxin units; PFS = Pyrogen-free saline

Each stock tube should be vortexed vigorously prior to its use to make the subsequent

dilution.

'To reconstitute the endotoxin, the stock vial should be vortexed vigorously for at least 30 min or sonicated in a
bath sonicator for at least 5 min. Subsequent dilutions should be vortexed vigorously immediately prior to use.
*A 2000 EU/mL stock solution of endotoxin is prepared according to the manufacturer's instructions.

>The stock solution is stable for not more 14 days when stored at 2 to 8°C or for up to 6 months when kept in a
-20°C freezer.

*This concentration is not used in the assay.

To prepare the endotoxin standard curve, first obtain a 2000 EU/mL stock solution by
addition of PFW to the lyophilized content of the stock vial by following the instructions
provided by the manufacturer (e.g., 5 mL of PFW is added to a vial containing 10,000 EU).
To reconstitute the endotoxin, the stock vial should be vortexed vigorously for at least 30 min
or sonicated in a bath sonicator for at least 5 min. Subsequent dilutions should be vortexed
vigorously immediately prior to use. The stock solution is stable for not more 14 days when
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stored at 2 to 8°C or for up to 6 months when kept in a -20°C freezer. An endotoxin standard
curve is prepared as described in Table 4-1 by making serial dilutions of the stock solution in
PFS with vigorous vortexing at each dilution step. Dilutions should not be stored, because
dilute endotoxin solutions are not as stable as concentrated solutions due to loss of activity by
adsorption, in the absence of supporting data to the contrary.

4.2 Interference Test

For every test substance lot, interference testing must be performed to check for interference
between the test substance and the cell system and/or ELISA. The purpose of the interference
test is to determine whether the test substance (or specific lot of test substance) has an effect
on cytokine release.

4.2.1 Interference with the Cell System

All test substances must be labeled as pyrogen-free (i.e., endotoxin levels at an acceptable
level prior to release by the manufacturer) to ensure that exogenous levels of endotoxin do
not affect the experimental outcome. Liquid test substances should be diluted in PFS. Solid
test substances should be prepared as solutions in PFS or, if insoluble in saline, dissolved in
dimethyl sulfoxide (DMSO) and then diluted up to 0.5% (v/v) with PFS, provided that this
concentration of DMSO does not interfere with the assay. To ensure a valid test, a test
substance cannot be diluted beyond its Maximum Valid Dilution (MVD) (refer to Section
12.3). The calculation of the MVD is dependent on the ELC for a test substance. The ELC
can be calculated by dividing the threshold human pyrogenic dose by the maximum
recommended human dose in a single hour period (see Section 12.2) (USP 2007; FDA
1987). Furthermore, test substances should not be tested at concentrations that are cytotoxic
to blood cells.

4.2.1.1  Reference Endotoxin for Spiking Test Substances

The WHO-LPS 94/580 [E. coli O113:H10:K-] or equivalent internationally harmonized RSE
is recommended for preparation of the endotoxin-spike solution and the endotoxin standard
curve (see Section 4.1).

4.2.1.2  Spiking Test Substances with Endotoxin

Non-spiked and endotoxin-spiked test substances are prepared in quadruplicate and an in
vitro pyrogen test is performed. A fixed concentration of the RSE (i.e., 0.25 EU/mL or a
concentration equal to or near the middle of the endotoxin standard curve) is added to the
undiluted test substance (or in serial two-fold dilutions, not to exceed the MVD). An
illustrative example of endotoxin-spiking solutions is shown in Table 4-2. For non-spiked
solutions, 150 ul of RPMI-C is added to a well followed by 50 ul of the test substance (i.e.,
equivalent to the negative product control [NPC]) and 50 uL. of PBMCs and the well contents
are mixed. Endotoxin-spiked solutions are prepared by adding 100 uL of RPMI-C to each
well followed by 50 uL of the test substance, and 50 uL of an endotoxin-spike solution (0.25
EU/mL) (i.e., equivalent to the positive product control [PPC]). Finally, 50 uL of PBMCs are
added to each well and the wells are mixed and incubated as outlined in Section 6.1.3, Steps
6-8. An ELISA is then performed as outlined in Section 6.2, without the IL-6 standard curve.
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Table 4-2 Preparation of Endotoxin-Spiked and Non-Spiked Solutions for
Determination of Test Substance Interference

o Spiked | Non-spiked
Sample Addition nL/well'
RPMI-C 100 150
Endotoxin-spike solution’ 50 0
Test substance (neat and each serial dilution) 50 50
PBMCs’ 50 50
Total® 250 250

Abbreviations: PBMC = Peripheral blood mononuclear cells
'n=4 replicates each

*Endotoxin concentration is 0.25 EU/mL in RPMI-C.
*PBMCs are resuspended in RPMI-C (1 x 10° cells/mL).

*A total volume of 250 uL per well is used for the incubation.

The optical density (OD) values of the endotoxin-spiked and non-spiked test substances are
calibrated against the endotoxin calibration curve. The resulting EU value of the non-spiked
test substance is subtracted from the corresponding EU value of the endotoxin-spiked test
substance at each dilution. The spike recovery for each sample dilution is calculated as a
percentage by setting the theoretical value (i.e., endotoxin-spike concentration of 0.25
EU/mL) at 100%. For example, consider the following interference test results in Table 4-3:

Table 4-3 Example of Interference Data Used to Determine Sample

Dilution
Sample Dilution % Recovery of Endotoxin Control
None 25
1:2 49
1:4 90
1:8 110

If a spike recovery between 50% and 200% is obtained, then no interference of the test
substance with either the cell system or the ELISA is demonstrated (i.e., the test substance
does not increase or decrease the concentration of IL-6 relative to the endotoxin spike). The
lowest dilution (i.e., highest concentration) of a test substance that yields an endotoxin-spike
recovery between 50% and 200% is determined. The test substance is then diluted in serial
two-fold dilutions beginning at this dilution, not to exceed the MVD, for use in the assay.
Based on the results illustrated in Table 4-3, the initial dilution of the test substance to be

used in the in vitro pyrogen test would be 1:4 (i.e., the lowest dilution between 50% and
200% of the 0.25 EU/mL EC).

4.2.2 Interference at the MVD

If the data obtained from the experiment in Section 4.2.1 suggests the presence of
interference at the MVD, then consideration should be given for using another validated
pyrogen test method.
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5.0 CONTROLS

5.1 Benchmark Controls

Benchmark controls may be used to demonstrate that the test method is functioning properly,
or to evaluate the relative pyrogenic potential of chemicals (e.g., parenteral pharmaceuticals,
medical device eluates) of a specific class or a specific range of responses, or for evaluating
the relative pyrogenic potential of a test substance. Appropriate benchmark controls should
have the following properties:

*  consistent and reliable source(s) for the chemicals (e.g., parenteral
pharmaceuticals, medical device eluates)

* structural and functional similarities to the class of substance being tested
*  known physical/chemical characteristics
* supporting data on known effects in animal models

*  known potency in the range of response

5.2 Endotoxin Control

The EC (i.e., PBMCs incubated with an internationally harmonized RSE) serves as the
positive control in each experiment. The results should be compared to historical values to
insure that it provides a known level of cytokine release relative to the NSC.

5.3 Negative Saline Control

The NSC (i.e., PBMCs incubated with PFS instead of the test substance) is included in each
experiment in order to detect nonspecific changes in the test system, as well as to provide a
baseline for the assay endpoints.

54 Solvent Control

Solvent controls are recommended to demonstrate that the solvent is not interfering with the
test system when solvents other than PFS are used to dissolve test substances.

6.0 EXPERIMENTAL DESIGN
6.1 Incubation with Test Samples and Measurement of IL-6 Release

6.1.1 Collection of Human Blood

Human volunteers that have met the donor eligibility criteria described in Section 3.1 are
used as the source of WB. All components of the blood collection system (e.g., syringes,
tubes, connecting lines) must be sterile and pyrogen-free. WB is drawn by venipuncture
from the medial cubital or cephalic vein of either the right or left arm and collected in a
sterile container that contains anticoagulant solution (e.g., heparin). The total volume of

"WB is obtained using Universal Precautions (e.g., latex gloves, labcoats, safety glasses) and sterile equipment
(e.g., syringes, needles, collection tubes) within a hospital or clinical setting by qualified and adequately trained
personnel (i.e., registered nurse, licensed phlebotomist, or medical doctor).
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blood collected per donor (i.e., up to 500 mL) will be dictated by experimental design and
determined by the test method user. All subsequent handling of WB should be performed in a
laminar flow hood using sterile technique to prevent contamination.

6.1.1.1  Isolation of PBMCs from WB

PBMC:s are isolated from WB using density gradient centrifugation. The PBMC suspension
must be isolated within 2 hr of WB collection using Lymphoprep™. The isolated PBMC
suspension may be used immediately (Section 6.1.2) or frozen for later use (Section 6.1.1.3).
The isolation procedure described below is a modification of the manufacturer's instructions
as outlined in the ECVAM SOP for the PBMC/IL-6 pyrogen test.

To form a lower, denser layer, 15 mL of PBS and 20 mL of Lymphoprep™ should be added
to each tube containing 15 mL of WB. The tubes are then centrifuged at 340 x g for 45 min at
RT. After centrifugation, a white band of PBMCs should be visible at approximately the 25
mL graduation mark on the tube. If cryopreservation of PBMC:s is to be performed (see
Section 6.1.1.3), carefully remove 18 mL of supernatant above the PBMC band and transfer
it to a new tube for preparing a cryoprotective solution. The remaining supernatant above the
PBMC band should be aspirated and discarded. Using a 10 mL pipet, transfer the PBMC
layer to a new centrifuge tube.

6.1.1.2  Washing PBMCs

The PBMC:s are resuspended in a total volume of 50 mL of PBS and centrifuged at 340 x g
for 15 min. The supernatant is poured off and the cellular sediment resuspended in 10 mL of
PBS by pipetting up and down several times with a serological pipet. The total volume in
each tube is adjusted to 50 mL with PBS and centrifuged at 340 x g for 10 min. After
centrifugation, the PBMCs should be resuspended in RPMI-C and an equal volume of cell
suspension from multiple individual donors should be pooled®.

Prior to use in the assay, the pooled PBMCs should be examined under a microscope to
determine that the morphology of the cells is consistent with the appearance of cells that
previously yielded acceptable results. It is advisable that cell number and cell viability be
determined using appropriate methods (e.g., hemocytometer and vital dye or flow cytometer
and fluorescent marker). The cell count of the PBMC suspension should be adjusted to 1 x
10° cells/mL in RPMI-C. The percentage of viable PBMCs should exceed 80% for their
inclusion in the test. The results of these examinations should be included in the study report.
If PBMC:s are prepared from fresh WB, then the cell suspension must be used in the assay
within 4 hr from the time of WB collection.

6.1.1.3 Procedure for Cryopreservation and Thawing of PBMCs

To freeze the PBMCs, prepare a cryoprotective solution by adding 2 mL of pyrogen-free
DMSO to the supernatant (18 mL) collected in the centrifugation procedure outlined in
Section 6.1.1.1. Cool the cryoprotective solution to between 2 and 8°C. Centrifuge the
isolated PBMCs as instructed in Section 6.1.1.2 and then add 6 mL of the chilled
cryoprotective solution to the cell sediment and prepare aliquots in cryotubes. The cryotubes

*Multiple donors (i.e., a minimum of three) should meet the acceptability criteria as outlined in Section 8.0
either as a pool of multiple individual donors or as multiple individual donors tested independently.
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are placed in a Styrofoam box for thermal insulation and slowly frozen in a -80°C freezer.
After 72 hr, the tubes can be transferred to liquid nitrogen for prolonged storage.

To thaw the cryopreserved PBMCs, submerge the tubes in a water bath at 37+1°C. After
thawing, the cell suspensions are pooled in a single 50 mL centrifuge tube and RPMI-C is
added to give a total volume of 40 mL. The PBMCs are centrifuged at 340 x g for 10 min, the
supernatant removed, and the cells resuspended in 10 mL of RPMI-C.

Prior to use in the assay, it is advisable that cell number and cell viability be examined as
described in Section 6.1.1.2. The cell count of the PBMC suspension should be adjusted to 1
x 10° cells/mL in RPMI-C. The percentage of viable PBMCs should exceed 80% for their

inclusion in the test. The results of this examination should be included in the study report.
6.1.2 Incubation Plate

Test substances are prepared at a level of dilution that did not show interference with the test
system, provided that this dilution does not exceed the MVD. Each incubation plate can
accommodate an endotoxin standard curve, a NSC, and 14 test samples (see Table 6-1).

Table 6-1 Overview of Incubation Plate Preparation in the PBMC/IL-6 Pyrogen

Test
Number RPMI-C EC Test PBMCs Mix the
Sample Sample
of Wells samples; Mix the
I incubate for samples;
H 16 to 24 hr at | immediately
20! EC 100 50 0 100 37+1°Cin a | transfer to an
5 humidified | ELISA plate*
4 NSC 100 0 0 100 atmosphere and run
Test with 5% ELISA.
56° samples | 100 0 50 100 CO..
(1-14)

Abbreviations: EC = Endotoxin control; IL-6 = Interleukin-6; NSC = Negative saline control; PBMC =
Peripheral blood mononuclear cell

! Five EC concentrations (0.063, 0.125, 0.25, 0.50, and 1.0 EU/mL) in quadruplicate

*50 uL of PFS is added instead of the test sample.

>14 test samples (n=4 each) per plate

*An IL-6 standard curve is prepared in Columns 11 and 12 on the ELISA plate (see Table 6-3). Therefore, 80
wells are available for test samples and controls on the incubation plate.

6.1.3 Incubation Assay for IL-6 Release

Test substances should be vortexed vigorously for at least 30 min or sonicated in a bath
sonicator for at least 5 min prior to use in the assay. Test substances should be prepared in
serial two-fold dilutions beginning at a level of dilution that did not show interference with
the test system (see Section 4.2) in as many subsequent dilutions that are necessary to be
within the linear range of the endotoxin standard curve, not to exceed the MVD. PBMC
samples are prepared in a microtiter plate using a laminar flow hood (refer to Section 6.1.1).
All consumables and solutions must be sterile and pyrogen-free. Each plate should be labeled
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appropriately with a permanent marker. An overview of the incubation plate preparation is
shown in Table 6-1. The incubation procedure is outlined below:

Step 1. Refer to the suggested incubation plate template presented in Table 6-2.
Step 2. Using a pipetter, transfer 100 uL. of RPMI-C into each well.

Step 3. Transfer 50 uL of test sample or 50 uL of PFS for the NSC into the
appropriate wells as indicated in the template.

Step 4. Transfer 50 uL of the EC (standard curve) in quadruplicate into the
appropriate wells according to the template.

Step 5. Transfer 100 uL of a well-mixed PBMC suspension into each well and mix
by gently swirling the plate.

Step 6. Mix the contents of the wells thoroughly by pipetting up and down several
times using a multichannel pipetter, changing the tips between each row in order to
avoid cross-contamination.

Step 7. Place the covered plate in a tissue culture incubator for 16 to 24 hr at
37+1°C in a humidified atmosphere containing 5% CO..

Step 8. Prior to transferring the test samples to the ELISA plate, mix the contents
of the wells by pipetting up and down using a multichannel pipetter, changing the
tips between each row in order to avoid cross-contamination.

Table 6-2 Incubation Plate - Sample and Control Template
1 2 3 4 5 6 7 8 9 10 11 12
EC' | EC | EC EC 3 .
A 1.0 1.0 1.0 1.0 TS3 TS3 TS3 TS3 TS11 | TS11 | Void Void
EC EC EC EC . .
B 050 | 050 0,50 0,50 TS4 TS4 TS4 TS4 TS11 | TS11 Void | Void

EC EC EC EC . .
C 025 | 025 025 025 TS5 TS5 TS5 TS5 TS12 | TS12 | Void | Void

EC EC EC EC . .
D 0125 1 0125 | 0125 | 0125 TS6 TS6 TS6 TS6 TS12 | TS12 | Void | Void

EC EC EC EC . .
E 0063 | 0063 | 0.063 | 0.063 TS7 TS7 TS7 TS7 TS13 | TS13 | Void | Void
F | NSC | NSC | NSC NSC TS8 TS8 TS8 TS8 TS13 | TS13 | Void | Void
G | TSI° | TSI TS1 TS1 TS9 TS9 TS9 TS9 TS14 | TS14 | Void | Void
H | TS2 | TS2 TS2 TS2 TS10 | TS10 | TS10 TS10 | TS14 | TS14 | Void | Void

Abbreviations: EC = Endotoxin control; NSC = Negative saline control; TS = Test substance
'EC value (e.g., EC 1.0) represents the endotoxin concentration in EU/mL.

>TS number (e.g., TS1) represents an arbitrary sequence for individual test substances.

*Columns 11 and 12 are reserved for the IL-6 standard curve on the ELISA plate (see Table 6-3).
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6.2 ELISA to Measure IL-6 Release

6.2.1 IL-6 Standard Curve

An IL-6 standard, supplied with the ELISA kit, is used. IL-6 standards are typically supplied
in lyophilized form and should be reconstituted according to the manufacturer's instructions.
The stock solution should be diluted in RPMI-C to the following concentrations: 0, 62.5, 125,
250, 500, 1000, 2000, and 4000 pg/mL in volumes of at least 500 uL. Each well on the
ELISA plate will receive 50 uL of an IL-6 blank or standard.

6.2.2 ELISA

The manufacturer's instructions provided with the ELISA kit should be followed and a
typical experimental design is outlined below. The ELISA should be carried out at RT and
therefore all components must be at RT prior to use. Frozen specimens should not be thawed
by heating them in a water bath. A suggested ELISA plate template is shown in Table 6-3,
which includes a five-point EC standard curve, an eight-point IL-6 standard curve (0 to 4000
pg/mL), and available wells for up to 14 test substances and a NSC each in quadruplicate.
The EC standard curve, the NSC, and the test sample supernatants are transferred directly
from the incubation plate. The IL-6 standard curve is prepared as described in Section 6.2.1.
An overview of the ELISA plate preparation is shown in Table 6-4.

Step 1. After pipetting up and down very carefully three times (avoid detachment
of the adherent PBMCs) to mix the supernatant, transfer 50 uL from each well of
the Incubation Plate (A1-10; H1-10) to the ELISA plate.

Step 2. Add 50 uL of each IL-6 standard (0 to 4000 pg/mL) into the respective
wells on the ELISA plate.

Step 3. Add 200 uL of the enzyme-labeled detection antibody (neat as supplied, or
diluted, if necessary) to each of the wells.

Step 4. Cover the microtiter plate(s) with adhesive film and incubate for 2 to 3 hr
at RT.

Step 5. Decant and wash each well three times with 300 uL Buffered Wash
Solution and then rinse three times with deionized water. Place the plates upside
down and tap to remove water.

Step 6. Add 200 uL of TMB/Substrate Solution to each well and incubate at RT in
the dark for 15 min. If necessary, decrease the incubation time.

Step 7. Add 50 uL of Stop Solution to each well.
Step 8. Tap the plate gently after the addition of Stop Solution to aid in mixing.

Step 9. Read the ODj4so within 15 min of adding the Stop Solution. Measurement
with a reference wavelength of 540 to 590 nm is recommended.’

'The TMB chromagen is measured at OD,so. However, the use of an IL-1f3 ELISA kit with a chromagen other
than TMB is acceptable. The ELISA should be measured at a wavelength appropriate for the specific
chromagen used.
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Table 6-3 ELISA Plate - Sample and Control Template
1 2 3 4 5 6 8 10 11 12
EC' | EC | EC | EC IL-6 | IL-6
A 10 10 L0 L0 TS3 TS3 TS3 TS3 TS11 | TS11 0 0
EC EC EC EC IL-6 IL-6
B 0.50 | 0.50 | 0.50 | 0.50 Ts4 Ts4 Ts4 Ts4 TSI TSI 62.5 62.5
EC EC EC EC IL-6 IL-6
C 025 | 025 | 0.25 0.25 TS5 TS5 TS5 TS5 T812 1 1812 125 125
EC EC EC EC IL-6 IL-6
D 0.125 | 0.125 | 0.125 | 0.125 56 56 56 56 T812 1 1812 250 250
EC EC EC EC IL-6 IL-6
E 0.063 | 0.063 | 0.063 | 0.063 87 87 87 87 TS13 1 TS13 500 500
IL-6 IL-6
F | NSC | NSC | NSC | NSC TS8 TS8 TS8 TS8 TS13 | TS13 1000 1000
2 IL-6 IL-6
G | TSI TS1 TS1 TS1 TS9 TS9 TS9 TS9 | TS14 | TS14 2000 2000
IL-6 IL-6
H | TS2 TS2 TS2 TS2 | TS10 | TS10 | TS10 | TS10 | TS14 | TS14 4000 4000
Abbreviations: EC = Endotoxin control; NSC = Negative saline control; TS = Test substance
'EC value (e.g., EC 1.0) represents the endotoxin concentration in EU/mL.
>TS number (e.g., TS1) represents an arbitrary sequence for individual test substances.
’IL-6 values in columns 11 and 12 are in pg/mL.
Table 6-4 Overview of ELISA Procedure
Material IL-6 Decant and
o wash each
transfer | standarq | Enzyme 1 th TMB/Substrate Stop
from (0 to labeled well three Solution Solution | Read each
Incubation 4000 | Antibody | Coverthe | times with olutio Incubate | Solutio well at
Plate Incubation 300 uL (wL) for less (uL)
p%/l;j‘) (nL) Plate and | Buffered than 15 : i(tilDz:SSO 20
(nL) " incubate Wash min at W
. . to 590 nm
for2to3 Solution RT in
reference
hr at RT. and three dark. filter
50 50 200 times with 200 50 '
deionized
water.

Abbreviations: ODys5o= Optical density at 450 nm; RT = Room temperature

7.0

7.1

EVALUATION OF TEST METHODS

OD Measurements

The OD of each well is obtained by reading the samples in a standard microplate
spectrophotometer (i.e., plate reader) using a visible light wavelength of 450 nm (ODyso) with
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a 540 to 590 nm reference filter (recommended)'®. OD values are used to determine assay
acceptability and in the decision criteria for pyrogen detection (see Sections 8.0 and 9.0).

8.0 CRITERIA FOR AN ACCEPTABLE TEST

An EC (five-point standard curve) and a NSC should be included in each experiment. An
IL-6 standard curve should be included in each ELISA as shown in the template presented in
Table 6-3. An assay is considered acceptable only if the following minimum criteria are met:

*  The quadratic function of the IL-6 standard curve produces an r =0.95'" and
the OD of the blank control is below 0.15.

*  The endotoxin standard curve produces OD values that ascend in a sigmoidal
concentration response.

Blood donors (or a pool of blood donors) are considered to be low responders if their ODas
value obtained for 1.0 EU/mL EC is below the ODss, value obtained for 1000 pg/mL IL-6.
Blood donors (or a pool of blood donors) who produce an ODys value for the NSC that is
above the ODys( value at 500 pg/mL IL-6 are considered to be high responders. Low and
high responders should be excluded from analysis. The preparation being examined is
required to pass the test with blood donations from at least three different donors (i.e., either
as a pool of three individual donors or as three individual donors tested independently).

An outlying observation that represents either a pool of multiple independent donors or a
single individual donor may be excluded if there is confirmation that the accuracy of the
medical information provided by an individual donor is suspect, or if the aberrant response is
identified using acceptable statistical methodology (e.g., Dixon's test [Dixon 1950; Barnett
and Lewis 1994], Grubbs' test [Barnett and Lewis 1994; Grubbs 1969; Iglewicz and
Houghlin 1993]).

9.0 DATA INTERPRETATION/DECISION CRITERIA

9.1 Decision Criteria for Pyrogen Detection'?

A test substance is considered pyrogenic when the endotoxin concentration of the test
substance exceeds the ELC for the test sample. The ELC can be calculated as shown in
Section 12.2.

10.0 STUDY REPORT

The test report should include the following information:

Test Substances and Control Substances

e Name of test substance

"“The TMB chromagen is measured at OD,so. However, the use of an IL-1f3 ELISA kit with a chromagen other
than TMB is acceptable. The ELISA should be measured at a wavelength appropriate for the specific
chromagen used.

HCorrelation coefficient (r), an estimate of the correlation of x and y values in a series of n measurements.

Decision criteria for individual donors were defined in the ECVAM SOP for the PBMC/IL-6 test method. Test
method users should refer to these criteria if multiple donors are tested independently.
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Purity and composition of the substance or preparation
Physicochemical properties (e.g., physical state, water solubility)
Quality assurance data

Treatment of the test/control substances prior to testing (e.g., vortexing,
sonication, warming, resuspension solvent)

Justification of the In Vitro Test Method and Protocol Used
Test Method Integrity

The procedure used to ensure the integrity (i.e., accuracy and reliability) of the
test method over time

If the test method employs proprietary components, documentation on the
procedure used to ensure their integrity from “lot-to-lot” and over time

The procedures that the user may employ to verify the integrity of the
proprietary components

Criteria for an Acceptable Test

Acceptable concurrent positive control ranges based on historical data

Acceptable negative control data

Test Conditions

Results

Cell system used

Calibration information for the spectrophotometer used to read the ELISA
Details of test procedure used

Description of any modifications of the test procedure

Reference to historical data of the model

Description of evaluation criteria used

Tabulation of data from individual test samples

Description of Other Effects Observed

Discussion of the Results

Conclusion

A Quality Assurance Statement for Good Laboratory Practice (GLP)-Compliant Studies

This statement should indicate all inspections made during the study and the
dates any results were reported to the Study Director. This statement should
also confirm that the final report reflects the raw data.

If GLP-compliant studies are performed, then additional reporting requirements provided in
the relevant guidelines (e.g., OECD 1998; EPA 2003a, 2003b; FDA 2003) should be

followed.
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12.0 TERMINOLOGY AND FORMULA

12.1 Assay Sensitivity (\)"

The variable A is defined as the labeled sensitivity (in EU/mL) of the LAL Reagent in
endpoint assays (e.g., the BET gel-clot technique). For kinetic BET assays, A is the lowest
point used in the endotoxin standard curve.

12.2 Endotoxin Limit Concentration (ELC)"?

The ELC for parenteral drugs is expressed in Endotoxin Units (EU) per volume (mL) or
weight (mg). The ELC is equal to K/M, where:

K is the threshold human pyrogenic dose of endotoxin (EU) per body weight (kg). K is equal
to 5.0 EU/kg for intravenous administration. For intrathecal administration, K is equal to 0.2
EU/kg (see also Section 12.5).

M is the rabbit test dose or the maximum recommended human dose of product (mL or mg)
per body weight (kg) in a single hour period (see also Section 12.8).

For example, if a non-intrathecal product is used at an hourly dose of 10 mL per patient, then
the ELC would be 0.50 EU/mL.

12.3 Maximum Valid Dilution (MVD)"?

The MVD is the maximum allowable dilution of a test substance at which the endotoxin limit
can be determined. The calculation of the MVD is dependent on the ELC for a test substance.
When the ELC is known, the MVD is':

MVD = (ELC x Product Potency [PP])/A

As an example, for Cyclophosphamide Injection, the ELC is 0.17 EU/mg, PP is 20
mg/mL, and the assay sensitivity is 0.065 EU/mL. The calculated MVD would be 1:52.3 or
1:52. The test substance can be diluted no more than 1:52 prior to testing.

If the ELC is not known, the MVD is':
MVD = PP/Minimum Valid Concentration (MVC)
where, MVC = (A x M)/K
where, M is the maximum human dose
As an example, for Cyclophosphamide Injection, the PP is 20 mg/mL, M is 30 mg/kg,
and assay sensitivity is 0.065 EU/mL. The calculated MVC is 0.390 mg/mL and the MVD is
1:51.2 or 1:51. The test substance can be diluted no more than 1:51 in the assay prior to
testing.

124 Negative Product Control (NPC)

For interference testing, the NPC is a test sample to which pyrogen-free saline (PFS) is
added. The NPC is the baseline for determination of cytokine release relative to the
endotoxin-spiked PPC.

'From FDA (1987)
From USP (2007)
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12.5 Parenteral Threshold Pyrogen Dose (K)'*

The value K is defined as the threshold human pyrogenic dose of endotoxin (EU) per body
weight (kg). K is equal to 5.0 EU/kg for parenteral drugs except those administered
intrathecally; 0.2 EU/kg for intrathecal drugs.

12.6  Positive Product Control (PPC)

For interference testing, the PPC is a test substance spiked with the control standard
endotoxin (i.e., 0.5 EU/mL or an amount of endotoxin equal to that which produces Y5 the
maximal increase in optical density (OD) from the endotoxin standard curve) to insure that
the test system is capable of endotoxin detection in the product as diluted in the assay.

12.7 Product Potency (PP)"*

The test sample concentration expressed as mg/mL or mL/mL.

12.8 Rabbit Pyrogen Test (RPT) Dose or Maximum Human Dose (V)2

The variable M is equal to the rabbit test dose or the maximum recommended human dose of
product per kg of body weight in a single hour period. M is expressed in mg/kg or mL/kg and
varies with the test substance. For radiopharmaceuticals, M equals the rabbit dose or
maximum human dose/kg at the product expiration date or time. Use 70 kg as the weight of
the average human when calculating the maximum human dose per kg. If the pediatric
dose/kg is higher than the adult dose, then it shall be the dose used in the formula.
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Appendix C5
The Monocytoid Cell Line Mono Mac 6 (MM6)/IL-6 In Vitro Pyrogen Test
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ICCVAM Final Recommended Protocol for Future Studies Using the Monocytoid Cell
Line Mono Mac 6 (MM6)/Interleukin (IL)-6 In Vitro Pyrogen Test

PREFACE

This protocol is for the detection of Gram-negative endotoxin, a pyrogen, in parenteral drugs,
as indicated by the release of IL-6 from the monocytoid cell line Mono Mac 6 (MM6). This
protocol is based on information obtained from 1) the European Centre for the Validation of
Alternative Methods (ECVAM)', MM6/IL-6 Background Review Document (BRD)
presented in Appendix A of the Interagency Coordinating Committee on the Validation of
Alternative Methods (ICCVAM) BRD (available at
http://iccvam.niehs.nih.gov/methods/pyrogen/pyr_brd.htm), and 2) information provided to
the National Toxicology Program (NTP) Interagency Center for the Evaluation of Alternative
Toxicological Methods (NICEATM) by Dr. Thomas Hartung, Head of ECVAM. The
ICCVAM BRD includes the ECVAM Standard Operating Procedures (SOPs) for the
MMG6/IL-6 test (could be referred to as Monocyte Activation Test), which are based on the
methodology published by Taktak et al. (1991). A table of comparison between the
ICCVAM recommended protocol and the ECVAM SOPs is provided in Table 1.

Users should contact the relevant regulatory authority for guidance when using this
ICCVAM recommended protocol to demonstrate product specific validation, and any
deviations from this protocol should be accompanied by scientifically justified rationale.
Future studies using the MM6/IL-6 pyrogen test may include further characterization of the
usefulness or limitations of the assay for regulatory decision-making. Users should be aware
that this protocol might be revised based on additional optimization and/or validation studies.
ICCVAM recommends that test method users routinely consult the ICCVAM/NICEATM
website (http://iccvam.niehs.nih.gov) to ensure that the most current protocol is used.

'ECVAM is a unit of the Institute for Health and Consumer Protection at the European Commission's Joint
Research Centre.
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Table 1

MM6/IL-6 Pyrogen Test

Comparison of ICCVAM Recommended Protocol with the ECVAM SOPs for the

ECVAM Validation SOP!

ICCVAM Protocol

ECVAM SOP!

Protocol Component

Test Substance

Test neat or in serial dilutions
that produce no interference,
not to exceed the MVD

Test neat or at minimal
dilution that produces no
interference

Test at MVD

Decision Criteria for

Mean OD? of PPC is 50% to

Mean OD of PPC is 50% to
200% of 1.0 EU/mL EC

Mean OD of PPC is 50% to
200% of 1.0 EU/mL EC

Interference 200% of 1.0 EU/mL EC
NSC (1) NSC (1) NSC (1)
EC () EC () EC ()
Incubation Plate for ELISA TS (14) TS (14) TS @)x ECSS) spikes =10
et el — Frcio FrE Q) 7S
q P NPC’ (0) NPC (0) NPC (2)=2 TS
PC’ (0) PC (0) PC(1)=1TS
NC* (0) NC (0) NC(1)=1TS
Includes seven point IL-6 SC Includes seven point IL-6 .
ELISA Plate and blank in duplicate SC and blank in duplicate Notincluded
Quadratic ful:(:)tl;)sns of IL-6 SCr Not included Not included
Mean OD of NSC <0.15 Not included Not included
Mean OD of each EC >

EC SC produces OD values
that ascend in a sigmoidal

Endotoxin concentration
(0.5 IU/mL) > background
(defined as the mean +2SD

Mean OD of next lower EC
concentration (minimum of
4 data points needed for

Assay Acceptability concentration response (n-1)
Criteria valid SC)
Not included Not included PC=220% of the
theoretical value
Not included Not included OD NC <0.200
Not included Not included OD PC >LOQ°
Outliers rejected using Dixon's Outliers rejected using Outliers rejected using
test Dixon's test Dixon's test
Decision Criteria for Endotoxin concentration Endotoxin concentration OD TS >OD 0.5 EU/mL
Pyrogenicity TS >ELC’ TS TS .> ELC TS EC

Abbreviations: EC = Endotoxin control; ELC = Endotoxin limit concentration; ELISA = Enzyme-linked immunosorbent assay;

EU = Endotoxin units; IL-6 = Interleukin-6; IU = International units; LOQ = Limit of quantification; MM6 = Mono Mac 6;

MVD = Maximum valid dilution;
NC = Negative control; NPC = Negative product control; NSC = Negative saline control; OD = Optical density; PC = Positive control;



PPC = Positive product control; SC = Standard curve; SD = Standard deviation; SOP = Standard operating procedure; TS = Test

substance

'ECVAM MMG6/IL-6 SOP and ECVAM MMG6/IL-6 Validation SOP are presented in Appendix A of the ICCVAM BRD (available at
http://iccvam.niehs.nih.gov/methods/pyrogen/pyr_brd.htm).

*Mean OD values are corrected (i.e., reference filter reading, if applicable, and NSC are subtracted).

*In the ICCVAM MMB6/IL-6 protocol, PPC and NPC are assessed in the interference test described in Section 4.3, which is performed prior
to the ELISA. In the ECVAM SOPs, PPC and NPC were only included in the ECVAM validation study.

*PC and NC were only included in the ECVAM validation study. PC is 50 pg/mL endotoxin in saline. NC is 0.9% saline.

3Correlation coefficient (r), an estimate of the correlation of x and y values in a series of n measurements.

°LOQ is the mean OD of the NSC + 10x the SD of the mean OD for the NSC.

"Where unknown, the ELC is calculated (See Section 12.2).
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1.0 PURPOSE AND APPLICABILITY

The purpose of this protocol is to describe the procedures used to evaluate the presence of
Gram-negative endotoxin, a pyrogen, in parenteral drugs. The presence of Gram-negative
endotoxin is detected by its ability to induce the release of IL-6 from Mono Mac 6 (MM6)
cells, a human cell line derived from a patient with acute monocytic leukemia
(Zeigler-Heitbrock et al. 1988). The concentration of IL-6 released by incubation of MM6
cells with a test substance or controls (i.e., positive and negative) is quantified using an
enzyme-linked immunosorbent assay (ELISA) that includes monoclonal or polyclonal
antibodies specific for IL-6. The amount of pyrogen present is determined by comparing the
values of endotoxin equivalents produced by MM6 cells exposed to the test substance to
those exposed to an internationally harmonized Reference Standard Endotoxin (RSE)' or an
equivalent standard expressed in Endotoxin Units (EU)/mL. A test substance is considered
pyrogenic if the endotoxin concentration of the test substance exceeds the Endotoxin Limit
Concentration (ELC) for the test substance.

The relevance and reliability of this test method to detect non-endotoxin pyrogens have not
been demonstrated in a formal validation study, although data are available in the literature to
suggest that this assay has the potential to serve this purpose.

2.0 SAFETY AND OPERATING PROCEDURES

All procedures should be performed following standard laboratory precautions, including the
use of laboratory coats, eye protection, and gloves. If necessary, additional precautions
required for specific chemicals will be identified in the Material Safety Data Sheet (MSDS).

The stop solution used in the ELISA kit is acidic and corrosive and should be handled with
the proper personal protective devices. If this reagent comes into contact with skin or eyes,
wash thoroughly with water. Seek medical attention, if necessary.

Tetramethylbenzidine (TMB) solution contains a hydrogen peroxide substrate and 3, 3°, 5,
5’-TMB. This reagent is a strong oxidizing agent and a suspected mutagen. Appropriate
personal protection should be used to prevent bodily contact.

Bacterial endotoxin is a toxic agent (i.e., can induce sepsis, shock, vascular damage,
antigenic response) and should be handled with care. Skin cuts should be covered and
appropriate personal protective devices should be worn. In case of contact with endotoxin,
immediately flush eyes or skin with water for at least 15 minutes (min). If inhaled, remove
the affected individual from the area and provide oxygen and/or artificial respiration as
needed. Skin absorption, ingestion, or inhalation may produce fever, headache, and
hypotension.

'RSEs are internationally harmonized reference standards (e.g., WHO-lipopolysaccharide [LPS] 94/580
Escherichia coli [E. coli] O113:H10:K-; United States Pharmacopeia [USP] RSE E. coli LPS Lot G3E069; USP
RSE E. coli Lot G; FDA E. coli Lot EC6). Equivalent endotoxins include commercially available .
coli-derived LPS Control Standard Endotoxin (CSE) or other E. coli LPS preparations that have been calibrated
with an appropriate RSE.
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3.0 MATERIALS, EQUIPMENT AND SUPPLIES

3.1 Source of Cells

The MMG6 cell line is a human monocytic cell line originally described by Professor H.-W.L.
Ziegler-Heitbrock at the Institute for Immunology, University of Munich, Germany
(Ziegler-Heitbrock et al. 1988). The MM6 cell line may be purchased from the German
Collection of Microorganisms and Cell Cultures (DSMZ, http://www.dsmz.de) by
individuals working at non-profit organizations. Prior to transaction, a legal agreement must
be reached with Professor H.W.L. Ziegler-Heitbrock stating that the cells will be used for
research purposes only. Any contract research organization or pharmaceutical company
wanting to obtain the MM6 cell line must contact Professor H.-W.L. Ziegler-Heitbrock to
negotiate a fee for provision and a royalty payment per batch of product tested. Contact
information for Professor H.-W.L. Ziegler-Heitbrock is as follows: Professor Dr. H.W.L.
Ziegler-Heitbrock, University of Leicester, Dept. of Microbiology, University Road,
Leicester LE1 9HN, United Kingdom, e-mail: ziehei@gmzx.de.

MMB6 cells should be maintained according to the instructions provided by the DSMZ and
Professor Dr. H.W.L. Ziegler-Heitbrock, which should stipulate the permissible limit to the
passage number for these cells.

3.2 Equipment and Supplies

For all steps in the protocol, excluding the ELISA procedure, the materials that will be in
close contact with samples (e.g., pipet tips, containers, solutions) should be sterile and
pyrogen-free.

3.2.1 Utilization of MM6 cells

3.2.1.1  Equipment
*  Centrifuge

* Hood; Bio-safety, laminar flow (recommended)
* Incubator; cell culture (37+1°C + 5% CO,)
* Inverted Microscope
*  pH meter
*  Pipetter; multichannel (8- or 12-channel)
*  Pipetters; single-channel adjustable (20, 200, and 1000 uL)
*  Repeating pipetter
*  Vortex mixer
e  Water bath
3.2.1.2  Consumables
¢  Centrifuge tubes; polystyrene (15 and 50 mL)
¢ Combitips; repeating pipetter (1.0 and 2.5 mL)
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3.2.2
3.2.2.1

3.2.2.2

3.2.23

Cryotubes; screw-cap (2 mL)

Filters; sterile, 0.22 um

Flasks; tissue culture

Phosphate buffered saline (PBS); sterile

Pipettes; sterile

Plates; microtiter, 96-well, polystyrene, tissue culture
Pyrogen-free saline (PFS)

Reaction tubes; polystyrene (1.5 mL)

RPMI-1640 cell culture medium supplemented as described in Section 4.3 to
yield either RPMI-C or RPMI-M

Tips; pipetter, sterile, pyrogen-free (20 and 200 uL)
Tubes; polystyrene

ELISA

Equipment

Microplate mixer

Microplate reader (450 nm with an optional reference filter in the range of
540-590 nm)’

Microplate washer (optional)

Multichannel pipetter

Consumables

Container; storage, plastic

Deionized water; nonsterile

Plates; microtiter, 96-well, polystyrene
Pyrogen-free water (PFW)

Reservoirs; fluid

Tips; pipetter, sterile and nonsterile

Tubes; polystyrene (12 mL)

ELISA Kit

An ELISA that measures IL-6 release is used. A variety of IL-6 ELISA kits are commercially
available and the IL-6 ELISA procedure outlined in this protocol is intended to serve as an
example for using an ELISA kit. The IL-6 ELISA should be calibrated using an IL-6

> The TMB chromagen is measured at ODyso. However, the use of an IL-1f ELISA kit with a chromagen other
than TMB is acceptable. The ELISA should be measured at a wavelength appropriate for the specific

chromagen used.
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international reference standard (e.g., World Health Organization [ WHO] 89/548) prior to
use. The IL-6 cytokine assay kits do not provide the RSE or endotoxin equivalent; therefore,
this reagent must be purchased separately. Results obtained using these products are subject
to the assay acceptability and decision criteria described in Sections 8.0 and 9.0. IL-6 ELISA
kit components may include the following:

* ELISA plates coated with anti-human IL-6 capture antibody; monoclonal or
polyclonal

*  Buffered wash solution

¢ Dilution buffer

*  Enzyme-labeled detection antibody
e Human IL-6 reference standard

* PFS

e Stop solution

e TMB?/substrate solution

3.3 Chemicals

*  Endotoxin (e.g., WHO-lipopolysaccharide [LPS] 94/580 Escherichia coli [E.
coli] O113:H10:K-; United States Pharmacopeia [USP] RSE E. coli LPS Lot
G3E069; USP RSE E. coli Lot G; U.S. Food and Drug Administration [FDA]
E. coli Lot EC6)

3.4 Solutions
¢ RPMI-1640 cell culture medium; supplemented as described in Section 4.3

4.0 ASSAY PREPARATION

All test substances, endotoxin, and endotoxin-spiked solutions should be stored as specified
in the manufacturer's instructions. The preparation of MM6 cells for use in the assay is
outlined in Section 6.1.

4.1 Endotoxin Standard Curve

An internationally harmonized RSE or equivalent is used to generate the endotoxin standard
curve. The use of any other E. coli LPS requires calibration against a RSE using the
MMG6/IL-6 pyrogen test. A standard endotoxin curve consisting of a Negative Saline Control
(NSC) and five RSE concentrations (0.125, 0.25, 0.50, 1.0, and 2.0 EU/mL) are included in
the incubation step (refer to Table 4-1) and then transferred to the ELISA plate. To prepare
the endotoxin standard curve, first obtain a 2000 EU/mL stock solution by addition of PFW
to the lyophilized content of the stock vial by following the instructions provided by the
manufacturer (e.g., S mL of PFW is added to a vial containing 10,000 EU). To reconstitute
the endotoxin, the stock vial should be vortexed vigorously for at least 30 min or sonicated in

*The use of an IL-6 ELISA kit with a chromagen other than TMB is acceptable.
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a bath sonicator for at least 5 min. Subsequent dilutions should be vortexed vigorously
immediately prior to use. The stock solution is stable for not more 14 days when stored at 2
to 8°C or for up to 6 months when kept in a -20°C freezer. An endotoxin standard curve is
prepared as described in Table 4-1 by making serial dilutions of the stock solution in PFS
with vigorous vortexing at each dilution step. Dilutions should not be stored, because dilute
endotoxin solutions are not as stable as concentrated solutions due to loss of activity by
adsorption, in the absence of supporting data to the contrary.

Table 4-1 Preparation of Endotoxin Standard Curve

i Endotoxin
Stoci(E[IjT:/l::llSOXln MEI;“(;ftS to.c « nL of PFS Concentration
oroxm EU/mL
2000* 40 3960 200
20 100 900 2.0
2.0 500 500 1.0
1.0 500 500 0.50
0.50 500 500 025
0.25 500 500 0.125
0 0 1000 0

Abbreviations: EU = Endotoxin units; PFS = Pyrogen-free saline

Each stock tube should be resonicated and vortexed vigorously before the subsequent dilution.

'To reconstitute the endotoxin, the stock vial should be vortexed vigorously for at least 30 min or sonicated in a
bath sonicator for at least 5 min. Subsequent dilutions should be vortexed vigorously immediately prior to use.
*A 2000 EU/mL stock solution of endotoxin is prepared according to the manufacturer's instructions.

*The stock solution is stable for not more 14 days when stored at 2 to 8°C or for up to 6 months when kept in a -
20°C freezer.

*This concentration is not used in the assay.

4.2 Cell Culture Medium

MMB6 cells are maintained in RPMI containing 10% FBS, denoted as RPMI-M. For use in the
ELISA procedure, the concentration of FBS is reduced to 2% and referred to as RPMI-C.
Each medium is prepared and stored as described by the manufacturer.

4.2.1 RPMI-M
*  Bovine insulin; 0.23 IU/mL
*  FBS; heat-inactivated at 55+1°C (50 mL or a 10% final concentration)
e HEPES buffer; 20 mM
*  L—Glutamine; 2 mM
*  MEM non-essential amino acids; 0.1 mM
*  Oxaloacetic acid; 1 mM
*  Penicillin/streptomycin (10,000 IU/mL penicillin, 10 mg/mL streptomycin)
*  RPMI-1640 medium (500 mL)

¢  Sodium pyruvate; 1| mM
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4.2.2 Starting a Culture of MM6 Cells

To initiate a culture of MMG6 cells, remove a vial of the primary stock from liquid nitrogen.
Thaw the vial on ice. Gently mix and transfer the cells to a 50 mL centrifuge tube and add 10
mL of RPMI-M. Centrifuge at 100 x g for 5 min at room temperature (RT). Remove the
supernatant and resuspend the cells in ice-cold RPMI-M. Centrifuge at 100 x g for 5 min at
RT. Remove the supernatant and resuspend the MM6 cells in 2 mL of RPMI-M. Add 8 mL
of RPMI-M to a tissue culture flask and transfer the cell suspension to the flask. Cells should
be examined microscopically to ensure that the cells are not clumped together. Place the
flasks in a cell culture incubator and maintain the cells at 37+1°C + 5% CO,.

423 Propagation of MM6 Cells

Remove the cell culture flask from the incubator and examine the cells under a microscope to
to determine that the morphology of the cells is consistent with the appearance of MM6 cells
that previously yielded acceptable results. Centrifuge at 100 x g for 8 min at RT. Remove the
supernatant, resuspend the cell pellet in 4 mL of RPMI-M, and gently pipet up and down to
mix. It is advisable that cell number and cell viability be determined using appropriate
methods (e.g., hemocytometer and vital dye or flow cytometer and fluorescent marker). The
percentage of cell viability should exceed 80% for further propagation. The results of these
examinations should be included in the study report. Transfer the cells (2 x 10° cells/mL) to
new tissue culture flasks and add RPMI-M. Place the flasks in a cell culture incubator and
maintain the cells at 37+1°C + 5% CO..

4.2.4 Preparation of a MM6 Cell Bank

To initiate a bank of MMG6 cells, centrifuge the cell culture(s) at 100 x g for 8 min at 2 to
8°C. Remove the supernatant and resuspend the cells in FBS at 2 to 8°C. It is advisable to
determine cell number and cell viability as outlined in Section 4.2.3 and adjust the cell
concentration to 4 x 10° cells/mL and store on ice for 10 min. Add an equal volume of ice-
cold FBS containing 10% dimethyl sulfoxide (DMSQO) drop-wise to the cell suspension (final
concentration is 2 x 10° cells/mL with 5% DMSO). Transfer the cell suspension to sterile,
pyrogen-free cryotubes (1 mL/tube). Place the tubes in a well-insulated polystyrene box and
store in a -80°C freezer for greater than 48 hours (hr) and then transfer to a liquid nitrogen
container.

4.3 Interference Test

For every test substance lot, interference testing must be performed to check for interference
between the test substance and the cell system and/or ELISA. The purpose of the interference
test is to determine whether the test substance (or specific lot of test substance) has an effect
on cytokine release.

4.3.1 Interference with the Cell System

All test substances must be labeled as pyrogen-free (i.e., endotoxin levels at an acceptable
level prior to release by the manufacturer) to ensure that exogenous levels of endotoxin do
not affect the experimental outcome. Liquid test substances should be diluted in PFS. Solid
test substances should be prepared as solutions in PFS or, if insoluble in saline, dissolved in
DMSO and then diluted up to 0.5% (v/v) with PFS, provided that this concentration of
DMSO does not interfere with the assay. To ensure a valid test, a test substance cannot be
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diluted beyond its Maximum Valid Dilution (MVD) (refer to Section 12.3). The calculation
of the MVD is dependent on the ELC for a test substance. The ELC can be calculated by
dividing the threshold human pyrogenic dose by the maximum recommended human dose in
a single hour period (see Section 12.2) (USP 2007; FDA 1987). Furthermore, test substances
should not be tested at concentrations that are cytotoxic to MM6 cells.

4.3.1.1  Reference Endotoxin for Spiking Test Substances

The WHO-LPS 94/580 [E. coli O113:H10:K-] or equivalent internationally harmonized RSE
is recommended for preparation of the endotoxin-spike solution and the endotoxin standard
curve (see Section 4.1).

4.3.1.2  Spiking Test Substances with Endotoxin

Non-spiked and endotoxin-spiked test substances are prepared in quadruplicate and an in
vitro pyrogen test is performed. A fixed concentration of the RSE (i.e., 1.0 EU/mL or a
concentration equal to or near the middle of the endotoxin standard curve) is added to the
undiluted test substance (or in serial two-fold dilutions, not to exceed the MVD). An
illustrative example of endotoxin spiking solutions is shown in Table 4-2. For non-spiked
solutions, 150 uLL of RPMI-C and 50 uL of the test substance (i.e., equivalent to the negative
product control [NPC]) are added to a well. Endotoxin-spiked solutions are prepared by
adding 100 uL of RPMI-C, 50 uL of the test substance, and 50 uL of an endotoxin-spike
solution (1.0 EU/mL) (i.e., equivalent to the positive product control [PPC]). Finally, MM6
cells (50 uL) are added to each well and the wells are mixed and incubated as outlined in
Section 6.1.3, Steps 6-7. An ELISA is then performed as outlined in Section 6.2, without the
IL-6 standard curve.

Table 4-2 Preparation of Endotoxin-Spiked and Non-Spiked Solutions for
Determination of Test Substance Interference

. Spiked | Non-spiked
Sample Addition nL/well'
RPMI-C 100 150
Endotoxin-spike solution’ 50 0
Test substance (neat and each serial dilution) 50 50
MMG cells’ 50 50
Total® 250 250

Abbreviations: MM6 cells = Mono Mac 6

'n=4 replicates each

*Endotoxin concentration is 1.0 EU/mL in RPMI-C.

*MMB6 cells are resuspended in RPMI-C (2.5 x 10° cells/mL).
*A total volume of 250 uL per well is used for the incubation.

The optical density (OD) values of the endotoxin-spiked and non-spiked test substances are
calibrated against the endotoxin calibration curve. The resulting EU value of the non-spiked
test substance is subtracted from the corresponding EU value of the endotoxin-spiked test
substance at each dilution. The spike recovery for each sample dilution is calculated as a
percentage by setting the theoretical value (i.e., endotoxin-spike concentration of 1.0 EU/mL)
at 100%. For example, consider the following interference test results in Table 4-3:
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Table 4-3 Example of Interference Data Used to Determine Sample Dilution
° :
Sample Dilution ) Recove(:jrg;:i(ﬁndotoxm
None 25
1:2 49
1:4 90
1:8 110

If a spike recovery between 50% and 200% is obtained, then no interference of the test
substance with either the cell system or the ELISA is demonstrated (i.e., the test substance
does not increase or decrease the concentration of IL-6 relative to the endotoxin spike). The
lowest dilution (i.e., highest concentration) of a test substance that yields an endotoxin-spike
recovery between 50% and 200% is determined. The test substance is then diluted in serial
two-fold dilutions beginning at this dilution, not to exceed the MVD, for use in the assay.
Based on the results illustrated in Table 4-3, the initial dilution of the test substance to be
used in the in vitro pyrogen test would be 1:4 (i.e., the lowest dilution between 50% and
200% of the 1.0 EU/mL EC).

4.3.2 Interference at the MVD

If the data obtained from the experiment in Section 4.2.1 suggests the presence of
interference at the MVD, then consideration should be given for using another validated
pyrogen test method.

5.0 CONTROLS

5.1 Benchmark Controls

Benchmark controls may be used to demonstrate that the test method is functioning properly,
or to evaluate the relative pyrogenic potential of chemicals (e.g., parenteral pharmaceuticals,
medical device eluates) of a specific class or a specific range of responses, or for evaluating
the relative pyrogenic potential of a test substance. Appropriate benchmark controls should
have the following properties:

*  consistent and reliable source(s) for the chemicals (e.g., parenteral
pharmaceuticals, medical device eluates)

* structural and functional similarities to the class of substance being tested
*  known physical/chemical characteristics
* supporting data on known effects in animal models

*  known potency in the range of response

5.2 Endotoxin Control

The EC (i.e., MM6 cells incubated with an internationally harmonized RSE) serves as the
positive control in each experiment. The results should be compared to historical values to
insure that it provides a known level of cytokine release relative to the NSC.
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5.3 Negative Saline Control

The NSC (i.e., MM6 cells incubated with PFS instead of the test substance) is included in
each experiment in order to detect nonspecific changes in the test system, as well as to
provide a baseline for the assay endpoints.

54 Solvent Control

Solvent controls are recommended to demonstrate that the solvent is not interfering with the
test system when solvents other than PFS are used to dissolve test substances.

6.0 EXPERIMENTAL DESIGN

6.1 Incubation with Test Samples and Measurement of IL-6 Release

6.1.1 Preincubation of MM6 Cells

To perform an ELISA on the following day, obtain an MM6 cell suspension (30 to 50 mL)
from propagation flasks and centrifuge at 100 x g for 8 min at RT. Remove the supernatant,
resuspend the cell pellet in 2 mL of RPMI-C and gently pipet up and down to mix. It is
advisable to determine cell number and cell viability as outlined in Section 4.2.3. The
percentage of viable MM6 cells should exceed 80% to be suitable for use in the test. The
results of these examinations should be included in the study report. Transfer the cells (4 x
10° cells/mL) to new tissue culture flasks and add RPMI-C. Place the flasks in a cell culture
incubator and maintain the cells at 37+1°C + 5% CO; for 16 to 24 hr. In general, the
preincubation of 2.0 x 107 cells in 50 mL RPMI-C will provide enough cells for one 96-well
assay plate

6.1.2 Preparation of MM6 Cells for the Incubation Assay

Prepare the MMG6 cells just prior to addition to the incubation plate (Section 6.1.3, Step 5).
Centrifuge 30 to 50 ml of cell suspension at 100 x g for 8 min at RT. Pour off the supernatant
and resuspend the cells in approximately 2 ml of RPMI-C. It is advisable that cell number
and cell viability be determined as outlined in Section 4.2.3. The percentage of viable MM6
cells should exceed 80% to be suitable for use in the test. The results of these examinations
should be included in the study report. Dilute the cells with RPMI-C to a volume that gives a
concentration of 2.5 x 10° cells/ml.

6.1.3 Incubation Plate

Test substances should be vortexed vigorously for at least 30 min or sonicated in a bath
sonicator for at least 5 min prior to use in the assay. Test substances should be prepared in
serial two-fold dilutions beginning at a level of dilution that did not show interference with
the test system (see Section 4.2) in as many subsequent dilutions that are necessary to be
within the linear range of the endotoxin standard curve, not to exceed the MVD. Each
incubation plate can accommodate an endotoxin standard curve, a NSC, and 14 test
substances (see Table 6-1).
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Table 6-1 Overview of Incubation Plate Preparation in the MM6/IL-6 Pyrogen Test
Test 1
Number Sample RPMI-C 28 Sample — Mix the
of Wells P samples; Mix the
I incubate for samples;
H 16 to 24 hr at | immediately
20° EC 100 50 0 100 37+1°Cin a | transfer to an
. humidified | ELISA plate’
4 NSC 100 0 0 100 atmosphere and run
Test with 5% ELISA.
56* samples 100 0 50 100 CO,.
(1-14)

Abbreviations: EC = Endotoxin control; IL-6 = Interleukin-6; NSC = Negative saline control; MM6 = Mono
Mac 6

'MMG6 cell concentration is 2.5 x 10° cells/mL.

*Five EC concentrations (0.125,0.25,0.50, 1.0, and 2.0 EU/mL) in quadruplicate

?50 ul of PFS is added instead of the test sample.

*14 test samples (n=4 each) per plate

’An IL-6 standard curve is prepared in Columns 11 and 12 on the ELISA plate (see Table 6-3). Therefore, 80
wells are available for test samples and controls on the incubation plate.

6.1.4 Incubation Assay for IL-6 Release

MMB6 cells are prepared in a microtiter plate using a laminar flow hood (refer to Section
6.1.2). All consumables and solutions must be sterile and pyrogen-free. Each plate should be
labeled appropriately with a permanent marker. An overview of the incubation plate
preparation is shown in Table 6-1. The incubation procedure is outlined below:

Step 1. Refer to the suggested incubation plate template presented in Table 6-2.
Step 2. Using a pipetter, transfer 100 uL. of RPMI-C into each well.

Step 3. Transfer 50 uL of test sample or 50 uL of PFS for the NSC into the
appropriate wells as indicated in the template.

Step 4. Transfer 50 uL of the EC (standard curve) in quadruplicate into the
appropriate wells according to the template.

Step 5. Transfer 100 uL of a well-mixed MMG6 cell suspension into each well.

Step 6. Place the covered plate in a tissue culture incubator for 16 to 24 hr at
37+1°C in a humidified atmosphere containing 5% CO..

Step 7. Remove 150 uL of the supernatant from each well, without disrupting the
cells, and transfer to the IL-6 ELISA plate.
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Table 6-2 Incubation Plate - Sample and Control Template

1 2 3 4 5 6 7 8 9 10 11 12

EC' | EC EC EC

Al 5O SS LSS ]SS |ty | s | Ts3 | Ts3 | TSIL| TSI | Void | Void
B | SO NS YO | TS | tsa | Tsa | TS4 | Ts4 | TSID| TSI | Void | Void
C | ool osol o5 | oso | Tss | TS5 | TS5 | TS5 | Tsi2| TSI2 | Void | Void
D | ol 5o oss | ovs | TS6 | TS6 | TS6 | Tse |Tsi2| TSI2 | Void | Void
E | 5 oS 5 oS 5 oS s | TST | TST | TS7T | TST |TSI3| TSI3 | Void | Void

F | NSC | NSC | NSC | NSC TS8 TS8 TS8 TS8 TS13 | TS13 | Void | Void

G | TSI° | TSI TS1 TS1 TS9 TS9 TS9 TS9 TS14 | TS14 | Void | Void

H | TS2 | TS2 TS2 TS2 TS10 | TS10 | TS10 TS10 | TS14 | TS14 | Void | Void

Abbreviations: EC = Endotoxin control; NSC = Negative saline control; TS = Test substance
'EC value (e. g., EC 2.0) represents the endotoxin concentration in EU/mL.

*TS number (e.g., TS 1) represents an arbitrary sequence for individual test substances.
*Columns 11 and 12 are reserved for the IL-6 standard curve on the ELISA plate (see Table 6-3).

6.2 ELISA to Measure IL-6 Release

6.2.1 1L-6 Standard Curve

An IL-6 standard supplied with the ELISA kit is used. IL-6 standards are typically supplied
in lyophilized form and should be reconstituted according to the manufacturer's instructions.
The stock solution should be diluted in RPMI-C to the following concentrations: 0, 62.5, 125,
250, 500, 1000, 2000, and 4000 pg/mL in volumes of at least 500 uL. Each well on the
ELISA plate will receive 50 uL of an IL-6 blank or standard.

6.2.2 ELISA

The manufacturer's instructions provided with the ELISA kit should be followed and a
typical experimental design is outlined below. The ELISA should be carried out at RT and
therefore all components must be at RT prior to use. Frozen specimens should not be thawed
by heating them in a water bath. A suggested ELISA plate template is shown in Table 6-3,
which includes a five-point EC standard curve, an eight-point IL-6 standard curve (0 to 4000
pg/mL), and available wells for up to 14 test substances and a NSC each in quadruplicate.
The EC standard curve, the NSC, and the test sample supernatants are transferred directly
from the incubation plate. The IL-6 standard curve is prepared as described in Section 6.2.1.
An overview of the ELISA plate preparation is shown in Table 6-4.
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Step 1. After pipetting up and down very carefully three times (avoid detachment
of the adherent MMG6 cells) to mix the supernatant, transfer 50 uL from each well

of the Incubation Plate (A1-10; H1-10) to the ELISA plate.

Step 2. Add 50 uL of each IL-6 standard (0 to 4000 pg/mL) into the respective

wells on the ELISA plate.

Step 3. Add 200 uL of the enzyme-labeled detection antibody (neat as supplied, or

diluted, if necessary) to each of the wells.

Step 4. Cover the microtiter plate(s) with adhesive film and incubate for 2 to 3 hr

at RT.

Step 5. Decant and wash each well three times with 300 uL Buffered Wash
Solution and then rinse three times with deionized water. Place the plates upside

down and tap to remove water.

Step 6. Add 200 uL of TMB/Substrate Solution to each well and incubate at RT in

the dark for 15 min. If necessary, decrease the incubation time.

Step 7. Add 50 uL of Stop Solution to each well.

Step 8. Tap the plate gently after the addition of Stop Solution to aid in mixing.

Step 9. Read the ODj4so within 15 min of adding the Stop Solution. Measurement

with a reference wavelength of 540 to 590 nm is recommended”.

“The TMB chromagen is measured at OD,so. However, the use of an IL-1f3 ELISA kit with a chromagen other

than TMB is acceptable. The ELISA should be measured at a wavelength appropriate for the specific
chromagen used.
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Table 6-3 ELISA Plate - Sample and Control Template
1 2 3 4 5 6 7 8 9 10 11 12
EC' | EC EC EC IL-6° | IL-6
A 20 20 20 20 TS3 TS3 TS3 TS3 TS11 | TSI11 0 0
EC EC EC EC IL-6 IL-6
B L0 10 L0 L0 TS4 TS4 TS4 TS4 TS11 | TSI11 62.5 62.5
EC EC EC EC IL-6 IL-6
€ 0.50 0.50 0.50 0.50 TS5 TS5 TS5 TS5 TS12 1 1812 125 125
EC EC EC EC IL-6 IL-6
D 0.25 0.25 0.25 0.25 TS6 TS6 TS6 TS6 TS12 1 1812 250 250
EC EC EC EC IL-6 IL-6
E 0.125 | 0.125 | 0.125 | 0.125 87 87 Ts7 87 TS13 1 1813 500 500
IL-6 IL-6
F | NSC | NSC | NSC | NSC TS8 TS8 TS8 TS8 TS13 | TS13 1000 1000
2 IL-6 IL-6
G | TS1 TS1 TS1 TS1 TS9 TS9 TS9 TS9 TS14 TS14 2000 2000
IL-6 IL-6
H | TS2 TS2 TS2 TS2 TS10 | TS10 | TS10 TS10 TS14 | TS14 4000 4000
Abbreviations: EC = Endotoxin control; NSC = Negative saline control; TS = Test substance
'EC value (e.g., EC 2.0) represents the endotoxin concentration in EU/mL.
>TS number (e.g., TS1) represents an arbitrary sequence for individual test substances.
’IL-6 values in columns 11 and 12 are in pg/mL.
Table 6-4 Overview of ELISA Procedure
Decant
Material . tallfc;gr d | Enzvme- and wash
nsier Ot labyl p ecach well TMB/Sul.)strate StoP
from ele three Solution Selution | Re,d each
. 4000 Antibody | Cover the . . Incubate
Incubation . times with (L) (L) well at
pg/mL) (wL) Incubation n for less n
Plate (ML) 300 ML OD450
(nL) Plate and than15 .
. Buffered . with a 540
incubate min at
Wash . to 590 nm
for2to3 . RT in
Solution reference
hr at RT. dth dark. filter
50 50 200 and three 200 50 '
times with
deionized
water.

Abbreviations: OD,s5o= Optical density at 450 nm; RT = Room temperature
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7.0 EVALUATION OF TEST RESULTS

7.1 OD Measurements

The OD of each well is obtained by reading the samples in a standard microplate
spectrophotometer (i.e., plate reader) using a visible light wavelength of 450 nm (ODy4so) with
a reference filter of 540 to 590 nm (recommended)’. OD values are used to determine assay
acceptability and in the decision criteria for pyrogen detection (see Sections 8.0 and 9.0).

8.0 CRITERIA FOR AN ACCEPTABLE TEST

An EC (five-point standard curve) and a NSC should be included in each experiment. An
IL-6 standard curve should be included in each ELISA as shown in the template presented in
Table 6-3. An assay is considered acceptable only if the following minimum criteria are met:

*  The quadratic function of the IL-6 standard curve produces an r=0.95° and the
OD of the blank control is below 0.15.

*  The endotoxin standard curve produces OD values that ascend in a sigmoidal
concentration response.

An outlying observation may be excluded if the aberrant response is identified using
acceptable statistical methodology (e.g., Dixon's test [Dixon 1950; Barnett and Lewis 1994]
or Grubbs' test [Barnett and Lewis 1994; Grubbs 1969; Iglewicz and Houghlin 1993]).

9.0 DATA INTERPRETATION/DECISION CRITERIA

9.1 Decision Criteria for Pyrogen Detection
A test substance is considered pyrogenic when the endotoxin concentration of the test
substance exceeds the ELC for the test sample. The ELC can be calculated as shown in
Section 12.2.
10.0 STUDY REPORT
The test report should include the following information:
Test Substances and Control Substances
*  Name of test substance
*  Purity and composition of the substance or preparation
*  Physicochemical properties (e.g., physical state, water solubility)
*  Quality assurance data

*  Treatment of the test/control substances prior to testing (e.g., vortexing,
sonication, warming, resuspension solvent)

>The TMB chromagen is measured at OD,so. However, the use of an IL-1f3 ELISA kit with a chromagen other
than TMB is acceptable. The ELISA should be measured at a wavelength appropriate for the specific
chromagen used.

SCorrelation coefficient (r), an estimate of the correlation of x and y values in a series of n measurements.
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Justification of the In Vitro Test Method and Protocol Used
Test Method Integrity

*  The procedure used to ensure the integrity (i.e., accuracy and reliability) of the
test method over time

* If the test method employs proprietary components, documentation on the
procedure used to ensure their integrity from “lot-to-lot” and over time

*  The procedures that the user may employ to verify the integrity of the
proprietary components

Criteria for an Acceptable Test
*  Acceptable concurrent positive control ranges based on historical data
*  Acceptable negative control data
Test Conditions
*  Cell system used
*  (Calibration information for the spectrophotometer used to read the ELISA
¢ Details of test procedure used
*  Description of any modifications of the test procedure
*  Reference to historical data of the model
*  Description of evaluation criteria used
Results
*  Tabulation of data from individual test samples
Description of Other Effects Observed
Discussion of the Results
Conclusion
A Quality Assurance Statement for Good Laboratory Practice (GLP)-Compliant Studies

e  This statement should indicate all inspections made during the study and the
dates any results were reported to the Study Director. This statement should
also confirm that the final report reflects the raw data.

If GLP-compliant studies are performed, then additional reporting requirements provided in
the relevant guidelines (e.g., OECD 1998; EPA 2003a, 2003b; FDA 2003) should be
followed.
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12.0 TERMINOLOGY AND FORMULA

12.1 Assay Sensitivity (\)"

The variable A is defined as the labeled sensitivity (in EU/mL) of the LAL Reagent in
endpoint assays (e.g., the BET gel-clot technique). For kinetic BET assays, A is the lowest
point used in the endotoxin standard curve.

12.2 Endotoxin Limit Concentration (ELC)"?

The ELC for parenteral drugs is expressed in Endotoxin Units (EU) per volume (mL) or
weight (mg). The ELC is equal to K/M, where:

K is the threshold human pyrogenic dose of endotoxin (EU) per body weight (kg). K is equal
to 5.0 EU/kg for intravenous administration. For intrathecal administration, K is equal to 0.2
EU/kg (see also Section 12.5).

M is the rabbit test dose or the maximum recommended human dose of product (mL or mg)
per body weight (kg) in a single hour period (see also Section 12.8).

For example, if a non-intrathecal product were used at an hourly dose of 10 mL per patient,
then the ELC would be 0.50 EU/mL.

12.3 Maximum Valid Dilution (MVD)"?

The MVD is the maximum allowable dilution of a test substance at which the endotoxin limit
can be determined. The calculation of the MVD is dependent on the ELC for a test substance.
When the ELC is known, the MVD is':

MVD = (ELC x Product Potency [PP])/A

As an example, for Cyclophosphamide Injection, the ELC is 0.17 EU/mg, PP is 20
mg/mL, and the assay sensitivity is 0.065 EU/mL. The calculated MVD would be 1:52.3 or
1:52. The test substance can be diluted no more than 1:52 prior to testing.

If the ELC is not known, the MVD is':
MVD = PP/Minimum Valid Concentration (MVC)
where, MVC = (A x M)/K
where, M is the maximum human dose
As an example, for Cyclophosphamide Injection, the PP is 20 mg/mL, M is 30 mg/kg,
and assay sensitivity is 0.065 EU/mL. The calculated MVC is 0.390 mg/mL and the MVD is
1:51.2 or 1:51. The test substance can be diluted no more than 1:51 in the assay prior to
testing.

124 Negative Product Control (NPC)

For interference testing, the NPC is a test sample to which pyrogen-free saline (PFS) is
added. The NPC is the baseline for determination of cytokine release relative to the
endotoxin-spiked PPC.

'From FDA (1987)
From USP (2007)
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12.5 Parenteral Threshold Pyrogen Dose (K)"*

The value K is defined as the threshold human pyrogenic dose of endotoxin (EU) per body
weight (kg). K is equal to 5.0 EU/kg for parenteral drugs except those administered
intrathecally; 0.2 EU/kg for intrathecal drugs.

12.6  Positive Product Control (PPC)

For interference testing, the PPC is a test substance spiked with the control standard
endotoxin (i.e., 0.5 EU/mL or an amount of endotoxin equal to that which produces Y5 the
maximal increase in optical density (OD) from the endotoxin standard curve) to insure that
the test system is capable of endotoxin detection in the product as diluted in the assay.

12.7 Product Potency (PP)"*

The test sample concentration expressed as mg/mL or mL/mL.

12.8 Rabbit Pyrogen Test (RPT) Dose or Maximum Human Dose (V)2

The variable M is equal to the rabbit test dose or the maximum recommended human dose of
product per kg of body weight in a single hour period. M is expressed in mg/kg or mL/kg and
varies with the test substance. For radiopharmaceuticals, M equals the rabbit dose or
maximum human dose/kg at the product expiration date or time. Use 70 kg as the weight of
the average human when calculating the maximum human dose per kg. If the pediatric
dose/kg is higher than the adult dose, then it shall be the dose used in the formula.
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Federal Register Notices, Public Comments, and Relevant
SACATM Meeting Minutes

Federal Register NOLICES.....cccvueueeeerriiiccssissssnsereieccssssssssssssssssssssssssssssssssssssssssnns
D1-1 Vol 70, No. 241, pp. 74833-74834, December 16, 2005: Peer Panel
Evaluation of In Vitro Pyrogenicity Testing Methods: Request for
Comments, Nominations of Experts, and Submission of In Vivo and In
VItrO Data ccuuueeeeecnnnneeeiiiinnneeniinnneeninsnneeicsssneeescsssseesssssssnesssssssssssssssssssssssssassssssnns
D1-2 Vol 71, No. 238, pp. 74533-74534, December 12, 2006:
Announcement of an Independent Scientific Peer Review Meeting on the
Use of In Vitro Pyrogenicity Testing Methods; Request for Comments..........
D1-3 Vol. 72, No. 89, pp. 26395-26396, May 9, 2007: Peer Review Panel
Report on Five In Vitro Pyrogen Test Methods: Availability and Request
for Public COMMENTES.....ueeeieiiiieeicisineeicissneencsssneescsssneescssssneescsssaseescsssaseescsssane
Public Comments Received in Response to
Federal Register NOLICES.....cccvuueeeeerriiiiiissssssnnneriieccsssssssssssssssssssssssssssssssssssssssssns
ICCVAM Evaluation of In Vitro Pyrogen Test Methods:
Excerpt from SACATM Draft Meeting Minutes ........cccceeeesuneeeccssnneercsssnneenenns
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Federal Register/Vol. 70, No. 241/Friday, December 16, 2005/ Notices

May 2008
74833

DEPARTMENT OF HEALTH AND
HUMAN SERVICES

National Toxicology Program (NTP),
NTP Interagency Center for the
Evaluation of Alternative Toxicological
Methods (NICEATM); Peer Panel
Evaluation of In Vitro Pyrogenicity
Testing Methods: Request for
Comments, Nominations of Experts,
and Submission of In Vivo and In Vitro
Data

AGENCY: National Institute of
Environmental Health Sciences
(NIEHS), National Institutes Of Health
(NIH).

ACTION: Request for comments,
nominations of scientific experts, and
submission of data.

SUMMARY: NICEATM, in collaboration
with the Interagency Coordinating
Committee on the Validation of
Alternative Methods (ICCVAM), is
considering convening an independent
peer review panel (hereafter, ‘Panel”) to
evaluate the validation status of five in
vitro pyrogenicity test methods: (1)
Human PBMC/IL—6 in viiro pyrogen test
(PBMC/IL-6), (2) human whole blood/
IL—-1 in vitro pyrogen test (WB/IL-1), (3)
human whole blood/IL-1 in vitro
pyrogen test: application of
cryopreserved human whole blood cryo
(WB/IL-1), (4) the human whole blood/
IL-6 in vitro pyrogen test (WB/IL-6),
and (5) an alternative in vitro pyrogen
test using the human monocytoid cell
line MONO MAC-6 (MM6/1L6).
NICEATM requests public comments as
to the appropriateness and relative
priority of this activity. In addition,
NICEAM requests the nomination of
expert scientists for consideration as
potential Panel members in the event a
Panel meeting occurs. Finally,
NICEATM requests the submission of
data from the rabbit pyrogenicity test,
the bacterial endotoxin test (BET), and
in vitro pyrogenicity testing with the
methods listed above.

DATES: Comments, nominations of
expert scientist, and data submissions
should be received by January 17, 2006.
ADDRESSES: Correspondence should be
sent by mail, fax, or email to Dr.
William S. Stokes, NICEATM, NIEHS, P.
0. Box 12233, MD EC-17, Research
Triangle Park, NC, 27709, (phone) 919—
541-2384, (fax) 919-541-0947, (e-mail)
niceatm@niehs.nih.gov.
SUPPLEMENTARY INFORMATION:

Background

The European Committee on the
Validation of Alternative Methods
(ECVAM) conducted a validation study
to independently evaluate the

usefulness of five in vitro pyrogenicity
assays (PBMC/IL-6, WB/IL-1, cryo WB/
IL-1, WB/IL-6, and MM6/IL6). In June
2005, ECVAM submitted background
review documents (BRDs) for these five
methods to NICEATM for consideration
as replacements for the currently
required tests (i.e., rabbit pyrogen tests
and the BET). ICCVAM and NICEATM
reviewed the BRDs for completeness
and concluded that these five in vitro
test methods appear to have
considerable potential for pyrogenicity
testing, but the sponsors needed to
provide additional information prior to
a formal review by a Panel. Pending
receipt and review of the requested
information, ICCVAM and NICEATM
will determine the priority of an
evaluation of these test methods. If
convened, the Panel would (1) peer
review the BRDs for the test methods,
and (2) determine whether the data
cited in the BRDs support draft ICCVAM
Test Method Recommendations
regarding the proposed usefulness,
limitations, and validation status of the
test methods. If appropriate, the Panel
might also formulate conclusions on the
adequacy of any draft recommended
performance standards, any proposed
future validation studies, draft
standardized test method protocols,
and/or reference substances. In making
their conclusions and
recommendations, the Panel considers
all available information including the
scientific studies cited in the draft BRD,
public comments, and any new
information identified during the peer
review.

Request for Public Comments and
Nominations of Scientific Experts

NICEATM requests public comments
on the appropriateness and relative
priority of the proposed Panel review
activity. In addition, NICEAM requests
the nomination of scientists with
relevant knowledge and experience to
potentially serve on the Panel should it
be convened. Areas of relevant expertise
include, but are not limited to:
physiology, pharmacology,
immunology, pyrogenicity testing in
animals, development and use of in
vitro methodologies, biostatistical data
analysis, knowledge of chemical data
sets useful for validation of toxicity
studies, and hazard classification of
chemicals and products. Each
nomination should include the person’s
name, affiliation, contact information
(i.e., mailing address, e-mail address,
telephone and fax numbers), and a brief
summary of relevant experience and
qualifications.
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Request for Data

NICEATM invites the submission of
data from standard in vivo rabbit
pyrogen testing, the BET, and in vitro
pyrogenicity testing using the methods
detailed above. Although data can be
accepted at any time, data submitted by
the deadline listed in this notice would
be considered during an evaluation of
the validation status of the five
pyrogenicity testing methods should
this activity occur. Submitted data will
be used to further evaluate the
usefulness and limitations of in vitro
pyrogenicity test methods and may be
included in future NICEATM and
ICCVAM reports and publications as
appropriate. The data will also be
included in a NICEATM database to
support the investigation of other test
methods for assessing pyrogenicity.

When submitting chemical and
protocol information/test data, please
reference this Federal Register notice
and provide appropriate contact
information (name, affiliation, mailing
address, phone, fax, e-mail, and
sponsoring organization, as applicable).

NICEATM prefers data to be
submitted as copies of pages from study
notebooks and/or study reports, if
available. Raw data and analyses
available in electronic format may also
be submitted. Each submission for a
chemical should preferably include the
following information, as appropriate:
e Common and trade name
e Chemical Abstracts Service Registry

Number (CASRN)

e Chemical class

e Product class

¢ Commercial source

¢ In vitro pyrogenicity test protocol

used

In vitro pyrogenicity test results

BET test protocol used

BET test results

In vivo rabbit pyrogen test protocol

used

¢ Individual animal responses

o The extent to which the study
complied with national or
international Good Laboratory

Practice (GLP) guidelines
¢ Date and testing organization

Background Information on ICCVAM
and NICEATM

ICCVAM is an interagency committee
composed of representatives from 15
Federal regulatory and research agencies
that use or generate toxicological
information. ICCVAM conducts
technical evaluations of new, revised,
and alternative methods with regulatory
applicability and promotes the scientific
validation and regulatory acceptance of
toxicological test methods that more
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accurately assess the safety and hazards
of chemicals and products and that
refine, reduce, or replace animal use.
The ICCVAM Authorization Act of 2000
(Pub. L. 106-545, available at http://
iccvam.niehs.nih.gov/about/
PL106545.htm) establishes ICCVAM as a
permanent interagency committee of the
NIEHS under the NICEATM. NICEATM
administers the ICCVAM and provides
scientific and operational support for
ICCVAM-related activities. NICEATM
and ICCVAM work collaboratively to
evaluate new and improved test
methods applicable to the needs of
Federal agencies. Additional
information about ICCVAM and
NICEATM can be found at the following
Web site: http://
www.iccvam.niehs.nih.gov.

Dated: Decmeber 5, 2005.
Samuel H. Wilson,

Deputy Director, National Institute of
Environmental Health Sciences.

[FR Doc. E5-7410 Filed 12-15-05; 8:45 am]
BILLING CODE 4140-01-P
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Federal Register/Vol. 71, No. 238/Tuesday, December
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DEPARTMENT OF HEALTH AND
HUMAN SERVICES

National Toxicology Program (NTP),
NTP Interagency Center for the
Evaluation of Alternative Toxicological
Methods (NICEATM); Announcement
of an Independent Scientific Peer
Review Meeting on the Use of In Vitro
Pyrogenicity Testing Methods;
Request for Comments

AGENCY: National Institute of
Environmental Health Sciences
(NIEHS), National Institutes of Health
(NIH).

ACTION: Meeting announcement and
request for comments.

SUMMARY: NICEATM in collaboration
with the Interagency Coordinating
Committee on the Validation of
Alternative Methods (ICCVAM)
announces an independent scientific
peer review meeting to evaluate the
validation status of five in vitro
pyrogenicity test methods: (1) Human
PBMC/IL~6 in vitro pyrogen test
(PBMC/IL-6), (2) human whole blood/
IL—1 in vitro pyrogen test (WB/IL-1), (3)
human whole blood/IL-1 in vitro
pyrogen test: application of
cryopreserved human whole blood (cryo
WB/IL-1), (4) the human whole blood/
IL-6 in vitro pyrogen test (WB/IL-6),
and (5) an alternative in vitro pyrogen
test using the human monocytoid cell
line MONO MAC-6 (MM6/IL6). These
five in vitro test methods are proposed
as replacements for the in vivo rabbit
pyrogen test (RPT). At this meeting, a
scientific panel will peer review the
draft background review document
(BRD) on each test method, evaluate the
extent that the BRD addresses
established validation and acceptance
criteria for each test method, and
provide comment on draft ICCVAM
recommendations on the proposed use
of these test methods, draft test method
protocols, and draft performance
standards. NICEATM invites public
comments on the draft BRDs, draft
ICCVAM test method recommendations,

draft test method protocols, and draft
performance standards.

DATES: The meeting will be held on
February 6, 2007, from 8:30 a.m. to 5
p-m. The meeting is open to the public
with attendance limited only by the
space available. In order to facilitate
planning for this meeting, persons
wishing to attend are asked to register
by January 23, 2007, via the
ICCVAM/NICEATM Web site
(http://iccvam.niehs.nih.gov).
Comments should be sent by mail, fax,
or email to the address given below by
January 26, 2007.

ADDRESSES: The meeting will be held at
the National Institutes of Health (NIH),
Natcher Conference Center, 45 Center
Drive, Bethesda, MD 20892.

FOR FURTHER INFORMATION CONTACT: Dr.
William S. Stokes, Director of
NICEATM, NIEHS, P.O. Box 12233, MD
EC-17, Research Triangle Park, NG,
27709, (phone) 919-541-2384, (fax)
919-541-0947, (e-mail)

niceatm@niehs.nih.gov. Courier address:

NICEATM, 79 T.W. Alexander Drive,
Building 4401, Room 3128, Research
Triangle Park, NC 277009.

SUPPLEMENTARY INFORMATION:
Background

The European Centre for the
Validation of Alternative Methods
(ECVAM) conducted a validation study
to independently evaluate the
usefulness and limitations of five in
vitro pyrogenicity test methods (PBMC/
IL-6, WB/IL-1, cryo WB/IL-1, WB/IL-6,
and MMG6/IL6). In June 2005, ECVAM
submitted BRDs for these five methods
to NICEATM for consideration as
replacements for the currently required
test, the RPT. ICCVAM and NICEATM
reviewed the BRDs for completeness
and concluded that these five in vitro
test methods appear to have
considerable potential for pyrogenicity
testing, but that the sponsor needed to
provide additional information prior to
a formal scientific review by an expert
panel. In anticipation of proceeding
with an evaluation of these test
methods, ICCVAM and NICEATM
requested public comments as to the
appropriateness and relative priority of
a panel review activity and the
nomination of scientists with relevant
knowledge and experience to
potentially serve on the panel (Federal
Register Vol. 70, No. 241, pp. 74833—4,
December 16, 2005). NICEATM also
requested submission of data using the
standard in vivo rabbit pyrogen test, the
bacterial endotoxin test (BET), and in
vitro pyrogenicity tests. These requests
were sent directly to over 100 interested
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stakeholders; no additional data were
received.

In March 2006, ECVAM responded to
the ICCVAM/NICEATM request for
information by providing a revised BRD
for each test method. ICCVAM and
NICEATM drafted a BRD that combines
all of the available information on the
five in vitro pyrogenicity test methods
into a single document and includes
each of the ECVAM BRDs as an
appendix. Based on this information,
ICCVAM developed draft test method
recommendations regarding the
proposed usefulness, limitations, and
validation status of these test methods.
ICCVAM subsequently recommended
that an independent scientific panel be
convened to (1) peer review the draft
BRD for the test methods and (2)
determine whether the data and
analyses in the draft BRDs support the
draft ICCVAM test method
recommendations. The panel will also
be asked to comment on the adequacy
of the draft recommended performance
standards, proposed future validation
studies, draft standardized test method
protocols, and recommended reference
substances. In making their conclusions
and recommendations, NICEATM will
ask the panel to consider all available
information including the scientific
studies cited in the draft BRD, public
comments, and any new information
identified during the peer review.

Peer Review Panel Meeting

The purpose of this meeting is the
scientific peer review evaluation of the
validation status of five in vitro
pyrogenicity test methods as
replacements for the RPT. First, the
panel will review the draft BRD on the
current status of five in vitro test
methods for the detection of
pyrogenicity and evaluate the extent
that established validation and
acceptance criteria are addressed for
each test method (Validation and
Regulatory Acceptance of Toxicological
Test Methods: A Report of the ad hoc
Interagency Coordinating Committee on
the Validation of Alternative Methods,
NIH Publication No. 97-981, http://
iccvam.niehs.nih.gov). Next, the panel
will comment on the extent to which
the ICCVAM recommendations are
supported by the information provided
in the BRD and on the proposed use of
these test methods, draft test method
protocols, draft performance standards,
and any proposed validation studies.

Information about the panel meeting,
including a roster of the panel members
and the draft agenda, will be made
available two weeks prior to the meeting
on the ICCVAM/NICEATM Web site
(http://iccvam.niehs.nih.gov) or can be
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obtained after that date by contacting
NICEATM (see FOR FURTHER
INFORMATION CONTACT above).

Attendance and Registration

This public meeting will take place
February 6, 2007, at the NIH Campus,
Natcher Conference Center, Bethesda,
MD (a map of the NIH campus and other
visitor information are available at
http://www.nih.gov/about/visitor/
index.htm). The meeting begins at 8:30
a.m. and will conclude at approximately
5 p.m. Persons needing special
assistance, such as sign language
interpretation or other reasonable
accommodation in order to attend,
should contact 919-541-2475 (voice),
919-541-4644 TTY (text telephone),
through the Federal TTY Relay System
at 800—-877-8339, or by e-mail to
niehsoeeo@niehs.nih.gov. Requests
should be made at least seven business
days in advance of the event.

Availability of the BRD and Draft
ICCVAM Recommendations

NICEATM prepared a BRD on five in
vitro pyrogenicity test methods that
describes the current validation status of
the in vitro test methods and contains
all of the data and analyses supporting
this validation status. The draft BRDs,
draft ICCVAM test method
recommendations, draft test method
protocols, and draft test method
performance standards are available
from the ICCVAM/NICETAM Web site
(http://iccvam.niehs.nih.gov) or by
contacting NICEATM (see FOR FURTHER
INFORMATION CONTACT above).

Request for Comments

NICEATM invites the submission of
written comments on the BRDs, draft
ICCVAM test method recommendations,
draft test method protocols, and draft
test method performance standards.
When submitting written comments, it
is important to refer to this Federal
Register notice and include appropriate
contact information (name, affiliation,
mailing address, phone, fax, e-mail, and
sponsoring organization, if applicable).
Written comments should be sent by
mail, fax, or e-mail to Dr. William
Stokes, Director of NICEATM, at the
address listed above, not later than
January 26, 2007. All comments
received will be placed on the ICCVAM/
NICEATM Web site (http://
iccvam.niehs.nih.gov), sent to the panel
and ICCVAM agency representatives,
and made available at the meeting.

This meeting is open to the public
and time will be provided for the
presentation of public oral comments at
designated times during the peer
review. Members of the public who

wish to present oral statements at the
meeting (one speaker per organization)
should contact NICEATM (see FOR
FURTHER INFORMATION CONTACT above) no
later than January 26, 2007. Speakers
will be assigned on a consecutive basis
and up to seven minutes will be allotted
per speaker. Persons registering to make
comments are asked to provide
NICEATM a written copy of their
statement by January 26, 2007, so that
copies can be distributed to the panel
prior to the meeting or if this is not
possible to bring 40 copies to the
meeting. Written statements can
supplement and expand the oral
presentation. Each speaker is asked to
provide contact information (name,
affiliation, mailing address, phone, fax,
e-mail, and sponsoring organization, if
applicable) when registering to make
oral comments.

Summary minutes and the panel’s
final report will be available following
the meeting on the ICCVAM/NICEATM
Web site (http://iccvam.niehs.nih.gov).
ICCVAM will consider the panel’s
conclusions and recommendations and
any public comments received in
finalizing their test method
recommendations and performance
standards for these methods.

Background Information on ICCVAM
and NICEATM

ICCVAM is an interagency committee
composed of representatives from 15
Federal regulatory and research agencies
that use or generate toxicological
information. ICCVAM conducts
technical evaluations of new, revised,
and alternative methods with regulatory
applicability and promotes the scientific
validation and regulatory acceptance of
toxicological test methods that more
accurately assess the safety and hazards
of chemicals and products and that
refine, reduce, and replace animal use.
The ICCVAM Authorization Act of 2000
(42 U.S.C. 2851-3, available at
http://iccvam.niehs.nih.gov/about/
PL106545.htm) establishes ICCVAM as a
permanent interagency committee of the
NIEHS under the NICEATM. NICEATM
administers ICCVAM and provides
scientific and operational support for
ICCVAM-related activities. NICEATM
and ICCVAM work collaboratively to
evaluate new and improved test
methods applicable to the needs of
federal agencies. Additional information
about ICCVAM and NICEATM can be
found at the following Web site:
http://iccvam.niehs.nih.gov.

Dated: November 27, 2006.
Samuel H. Wilson,

Deputy Director, National Institute of
Environmental Health Sciences and National
Toxicology Program.

[FR Doc. E6-21038 Filed 12—-11-06; 8:45 am]
BILLING CODE 4140-01-P
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From: MA. PILAR VINARDELL MARTINEZ-HIDALGO
Sent: Tuesday, December 20, 2005 8:08 AM
To: NIEHS NICEATM

Subject: peer panel pyrogens

Dear Dr Stockes

I am pleased to send you our paper* related to studies of pyrogens in
vitro. I hope it will be of interest for your work. I have collaborated
before with the het-cam test.

Sincerely yours

Dr. Pilar Vinardell

Dept Fisiologia-Divisio IV
Facultat de Farmacia

Av. Joan XXIII s/n

08028 Barcelona (Spain)

*Martinez V, Mitjans M, Vinardell MP. 2004. TNFa Measurement in Rat and Human
Whole Blood as an /n Vitro Method to Assay Pyrogens and its Inhibition by
Dexamethasone and Erythromycin. J. Pharm. Sci. 93:2718-2723.
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Appendix A, 2.3.1: Essential Test method Components, In Vitro Cell
Culture Conditions

Regarding the use of cryo-preserved whole blood, we appreciate that this is
one possible way to avoid the need to make large numbers of willing blood
donors available to testing laboratories. However, several laboratories,
including our own, have experienced significant problems using cryo-
preserved blood in these assays — in our case, the “cryo WB/IL-1" test,
commercially obtained from Charles River Labs. Whilst the WB/IL-1 test
delivered the results expected using fresh whole human blood, when we tested
the same kit with cryo-preserved blood obtained from a source recommended
by the manufacturers, it gave no results at all. We believe that the reason for
this was that the cryo-preserved blood cells had been irretrievably damaged
by the freezing process; the blood sample, thawed according to instructions,
was thick and denatured with every indication of extreme cellular damage.
From our discussions with others who have also tried using cryo-preserved
blood in this test, we conclude that this is a not un-common problem.

Appendix A, 2.3.3.2: Positive Control Substance:

An important distinction between the BET/LAL test and the RPT is that the
BET detects only endotoxin pyrogens, whereas the rabbit pyrogen test is
capable of also detecting non-endotoxin pyrogens. We suggest that it should
therefore be a requirement of the performance standards for any IVPT that
might replace the RPT that said in vitro test is assessed directly for its ability
to detect non-endotoxin pyrogens, as well as LPS.

We therefore suggest that the performance standards include a requirement
for one or more positive control pyrogenic substances selected from a group
of non-endotoxin pyrogens (perhaps those suggested in our comment to point
1.2, above), in addition to the reference standard LPS to demonstrate adequate
sensitivity of the cell system to relevant pyrogens. The sensitivity of any
suitable test method to these non-endotoxin pyrogens should be at least
comparable to the sensitivity of the rabbit pyrogen test to these same
substances.

Appendix A, 2.4: Reference Substances for In Vitro Pyrogenicity Test
Methods

In line with the various comments made above, we would suggest that
Reference Substances be spiked not only with Gram-negative endotoxin
standards, but also non-endotoxin pyrogen standards in order to properly
assess the accuracy and reliability of a proposed IVPT that should replace the
RPT.
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We hope that these few comments will be useful to you in the process of
evaluating the validation status of the EVCAM tests, and for drafting future
Performance Standards by which to determine the relevance and reliability of
these and other in vitro test methods for the highly desirable purpose of

replacing the RPT.

Yours sincerely,

ST
A L~
Erik Wind Hansen
Associate Professor
University of Copenhagen
Faculty of Pharmaceutical Sciences

Py, i 4
Michael Timm
MSc (Pharm)
University of Copenhagen

Faculty of Pharmaceutical Sciences

P.S. In case this may be of interest, we have attached the most recent results
obtained with our HL-60 ROS IVPT, further optimized from the test reported
in [1]. The table reports the responses obtained from a wide variety of
pyrogenic components. This table also contains results obtained by us for
these same substances tested using the WB/IL-1 IPT (Charles River Labs),
and literature data for the same substances run in the RPT.

References:

[1] Timm, M., Hansen, E.W., Moesby, L., Christensen, J.D. (2006).
Utilization of the human cell line HL-60 for chemiluminescence
based detection of microorganisms and related substances. Fur J
Pharmaceutical Sciences 27: 252-258

[2] Blatteis, C.M. (2006). Endotoxic fever: New concepts of its regulation
suggest new approaches to its management. Pharmacology &

Therapeutics 111: 194 — 223,
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Pyrogen Test Benchmark Data: Hansen & Timm, University of Copenhagen

Positive detections by four assays evaluated for pyrogen determination

Sample

Zymosan 0,5 pg/ml
Zymosan 5 pg/ml

LTA standard (0,5 EEU/ml)

Candida albicans 10* yeasts/ml
Candida albicans 10° yeasts/ml

Saccharomyces cerevisiae
10* yeasts/ml
Saccharomyces cerevisiae
10° yeasts/ml

LTA from Bacillus subtilis 25 ng/ml
LTA from Bacillus subtilis 100 ng/ml

Staphylococcus aureus 10° bacteria/ml
Staphylococcus aureus 10° bacteria/ml

Bacillus subtilis 10* bacteria/ml
Bacillus subtilis 10° bacteria/ml

Salmonella typhimurium
10° bacteria/ml
Salmonella typhimurium
10* bacteria/ml

Aspergillus niger spores 10° spores/ml
Aspergillus niger spores 10° spores/ml

LPS standard 5 EU/ml
LPS standard 2,5 EU/ml
LPS standard 1 EU/ml
LPS standard 0,5 EU/ml
LPS standard 0,25 EU/ml
LPS standard 0,125 EU/ml

HIL-60
assay

+
+

+

+ +

+ 4+ + + + +

IPT assay

Rabbit
pyrogen

test

LAL test

o+ o+

(-) samples do excite a response above non stimulated control, but do not

score as pyrogenic according to manufactures description.

(*) data obtained from literature.
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P HY SI CI AN
cC oMM I TTE

w

m

5100 WISCONSIN AVENUE, N.WV,, SUITE 400

F o R WASHINGTON, DC 20016
RESPONSIBLE T: (202) 686-2210 F: (202) 686-2216
M E D I C I N E PCRM@PCRM.ORG WWW.PCRM.ORG

March 12, 2007
Via e-mail to: niceatm@niehs.nih.gov

Dr. William Stokes

Director, NICETAM

National Institute of Environmental Health Sciences
PO Box 12233, MD ED-17

Research Triangle Park, NC 27709

Dear Dr. Stokes:

These comments are intended to be a follow-up to the recent NICETAM-sponsored Independent Scientific
Peer Review: Five In Vitro Test Methods Proposed for Assessing Potential Pyrogenicity of Pharmaceuticals
and Other Products (February 6, 2007). They are supported by the larger Animal protection community,
including the more than 10 million members of the Physicians Committee for Responsible Medicine,
People for the Ethical Treatment of Animals, the Humane Society of the United States, and the Doris Day
Animal League.

Based on information communicated to me at this meeting, I understand that these additional comments
are accepted because of limited time available during my oral public comment. I appreciate the
opportunity to submit these additional comments and I urge NICETAM to take them into account when
considering the Peer Review Panel’s (PRP) recommendations and conclusions.

Panel Recommendations

As you know, the ICCVAM recommendations were written with the intention that the in vitro pyrogenicity
tests (IVPTs) would replace a small subset of rabbits used in the rabbit pyrogen test (RPT), but not the
Limulus amebocyte lysate (LAL), nor rabbits used for non-endotoxin-mediated pyrogenicity testing. As
you know, the PRP did not even agree with these limited recommendations. The PRP did, however, make
several of their own recommendations. I was pleased to hear of some of them and hope that ICCVAM wiill
consider putting them into place as quickly as possible (abridged below):

1. Human data on pyrogens is extensive and should be analyzed, presented, and consulted.

2. More discussions on the financial and ethical costs (including monetary values and animal
numbers) associated with the RPT are needed.

3. Individual product-specific validation studies are required and may negate the need for a large
validation study.

However, several of the panel’s observations and recommendations seemed nonsensical, irrelevant, or
inappropriate (abridged below):

1. The methods should not be called “in vitro pyrogen tests” because only bacterial endotoxin was
evaluated.

2. The in vivo reference data is not adequate and/or of unknown quality.

3. The calculated “theoretical sensitivity” of the RPT data used in the validation study does not
reflect current practice and regulatory use.

4. The IVPT validation data should be quantitative
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5. Concordance between the IVPTs and the RPT is not demonstrated.

Considerations as to the realities of a validation study are clearly not recognized by the PRP, as reflected
in its deliberations and recommendations. The validation study conducted by ECVAM used scientifically-
justified in vivo reference data, a scientifically-justified method to calculate the theoretical sensitivity of
the RPT data (as admitted by the panel), and generated data with theoretical concordance values
presented. Indeed, the RPT itself does not give quantitative data, but a decision of “pyrogenic” or “not
pyrogenic,” while the in vitro methods do have this potential.

What went wrong?

Panel Selection: This meeting reflects a growing concern of the animal protection community that
ICCVAM is more interested in picking new non-animal methods apart than in seriously considering them
for adoption. Accepted peer review process guidelines state: “Peer reviewers should include individuals
who will not be affected by the outcome of the results, but who are well-versed in the relevant
experimental techniques and the specific method under review.” However, many of the panel members
were either demonstrably biased against the IVPTSs, silent, or ignorant of the validation and acceptance
procedures, the PRP’s role, or the ICCVAM process. Too often it seems that panelists have unreasonable
expectations regarding every minute detail of the alternative methods, without a clear understanding of
the limitations of the current animal-based tests. This was especially true in this meeting. Random
selection of panel members from the scientific topic of interest biases every single panel towards the null
hypothesis, leaving an unreasonably high barrier over which the new alternative methods cannot cross.

Charge/Question Wording: It was clear from the deliberation among the PRP that the panel members had
no clear idea of their task, and were unnecessarily confused by the questions posed to them by ICCVAM.
One question elicited an hour’s debate over what the question actually meant. Simplification of the
questions posed to the panel, as well as a pre-meeting orientation, is in order. For example, there was
clearly little or no background information provided on the limitations of the animal tests. An orientation
process could also help the panelists stay focused. The panel deviated too often from the task at hand
into both broad and detailed scientific questions that had no bearing on the validation of the IVPTs. For
example, one panel recommendation stated that an explanation should be given as to why in vitro
responses are a better reflection of in vivo human responses than in vivo rabbit responses. While
biological relevance is important, it has already been demonstrated; this recommendation has no bearing
on the validation status of the assays as presented, whether it is true or not.

Validation Study Considerations

Despite public testimony given at the time of the meeting, the PRP did not take the realities of validation
studies, nor this particular one, into account. First, the validation study selected a small set of
pharmaceuticals and spiked them with endotoxin, because endotoxin standard is the only standard
available, and the majority of febrile reactions are due to endotoxin. As is often done with animal tests,
practical experience over the past couple of decades led the validation study directors to surmise that the
methods would also work with non-endotoxin pyrogens, and with medical devices and blood products.
Pages of data were provided to the PRP to support this conclusion. Given that the methods would require
product-specific validation in the future, and limited resources for the validation study, a large,
complicated validation study was not called for. Further, parallel rabbit testing, for animal welfare
reasons, could not be conducted. So, the study directors designed an approach that would allow the use
of historical RPT data of a comparable nature. It was determined that in order to “pass,” the IVPTs would

' NIEHS (National Institute of Environmental Health Sciences), Validation and Regulatory Acceptance of
Toxicological Test Methods: A Report of the ad hoc Interagency Coordinating Committee on the

Validation of Alternative Methods, NIH Publication No. 97-3981, NIEHS, Research Triangle Park , North Carolina,
U.S.A., 1997, section 2.4.2.6.
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be validated with spiked products at a level of detection comparable with the most sensitive rabbit
species. Even with these “unacceptable” sensitivity and specificity values, the IVPTs still surpassed the
performance of the RPT. Comments to this effect from the study directors themselves were ignored by
the PRP.

The PRP showed no tolerance for adopted tenets of the validation process that call for flexibility: *...the
test validation process should be highly flexible and adapted to the specific test and its proposed use."”
These procedures do not require direct comparison of in vivo/in vitro methods, and indeed, the BRD and
other documentation submitted to the PRP contain all of the Validation Criteria listed in the above-
referenced ICCVAM document.

The Way Forward
I would like to reiterate the animal protection community’s initial comments, sent before the meeting:

“We therefore strongly urge ICCVAM to significantly revise its Recommendations and
B[ackground] R[eview] D[ocument] to more accurately reflect the potential use of
these methods as full replacements for both the LAL and the RPT. The available
evidence shows that the IVPTs are fully valid for the detection of all pyrogens. We
also strongly encourage ICCVAM to delete the recommendation regarding the
conduct of de novo RPTSs to further demonstrate in vivo/in vitro concordance.”

Our organizations stand by these initial recommendations. However, given the PRP’s final
recommendations, we request that ICCVAM coordinate with the pharmaceutical and medical
devices industry to conduct product-specific validation on a set of pre-selected products and
devices to serve as further validation work. Since this work will need to be conducted anyway, and
would be acceptable to the Food and Drug Administration, this would be an appropriate way forward.
Further delays or de novo validation work would result in the deaths of thousands of additional animals is
not recommended.

Thank you for your attention to these comments. I can be reached at kstoick@pcrm.org or 510.834.8320
with any questions.

Sincerely,

Kristie Stoick, MPH
Physicians Committee for Responsible Medicine

> NIEHS (National Institute of Environmental Health Sciences), Validation and Regulatory Acceptance of
Toxicological Test Methods: A Report of the ad hoc Interagency Coordinating Committee on the

Validation of Alternative Methods, NIH Publication No. 97-3981, NIEHS, Research Triangle Park , North Carolina,
U.S.A., 1997, sections 2.4.7 and 2.5.

? Letter submitted to NICEATM January 26, 2007.
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Dr. Thomas Montag-Lessing
Dr. Ingo Spreitzer

Paul Ehrlich Institute
Langen, Germany

(www.pei.de)

Via e-mail to: niceatm@niehs.nih.gov

Dr. William Stokes

Director, NICETAM

National Institute of Environmental Health Sciences
PO Box 12233, MD ED-17

Research Triangle Park, NC 27709

Dear Dr. Stokes:

Please, find below our comments to the “Independent Peer Review Panel Report:
Five In vitro Test Methods Proposal for Assessing Potential Pyrogenicity of
Pharmaceuticals and Other Products”.

Comment to A 1.2.1 Criterion 4 (page 3), also comment to A 4.6 (page 12)

The PRP discussed critically whether the right end-points had been set in the
validation study regarding sensitivity (respectively detection limits) of the tests. We
are wondering why the PRP did not consider the internationally accepted endotoxin
limits. They are regulated in the respective monographs for endotoxin testing
(Bacterial Endotoxin Test, BET) since decades in the international pharmacopoeias.
The endotoxin limit for parenteral drugs intended for intravenous administration is 5
International Units endotoxin (E.U., to calibrate using the WHO Endotoxin Standard
which is identical with the US Endotoxin Standard) per kilogram body weight of the
patient (in the past: administration during one hour period; following the current ICH
document: as a bolus injection). Exactly this endotoxin limit had been used for
calculation of the detection limits in examining the involved drugs. As usual in
pyrogen testing, a patient having a body weight of 70 kg (corresponding to a
maximal endotoxin content of 350 E.U. of the whole volume of the given drug) had
been considered for calculation. Furthermore, the WHO Endotoxin Standard had
been used in the study.

Additionally, the sensitivity respectively the detection limit of Rabbit Pyrogen Test

(RPT) had been considered in the study design. The sensitivity of RPT can be

calculated considering the fever threshold respectively the threshold of significant

temperature increase of rabbits. The most sensitive rabbit strains show a fever
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threshold of 5 E.U. per kilogram body weight (see papers Hoffmann et al. 2005,
Journal of Immunological Methods, Vol. 298, pp. 161-173, and Hoffmann et al. 2005,
Journal of Endotoxin Research, Vol. 11, pp. 1-7). This endotoxin concentration may
be contained in maximally 10 milliliter which represents the highest allowed burden
for the rabbits following the animal protection lows. In consequence, the sensitivity
of RPT is represented by 0.5 E.U. per milliliter (5 E.U. in 10 ml = 0.5 E.U. per ml)
corresponding to 50 pg/ml. This endotoxin concentration had been used for setting
the detection limits of the five In vitro Test methods and it is (at least) fulfilled by all
tests. So the five alternative pyrogen tests meet worst case conditions of RPT and
guarantee, therefore, a high safety level for the patients.

It has to be mentioned here that the endotoxin limit regulation mentioned above (5
E.U. per kg body weight of the recipient) comes directly from rabbit’s sensitivity.
Preparing the implementation of BET into the pharmacopoeias decades ago, the
safety level of the drugs was the most important criterion. In this time, only data
from the rabbit were available and, consequently, they were used for definition of
endotoxin limits. This was a wise decision since the fever threshold of human beings
lies in a range of 10 - 20 E.U. per kg body weight and, therefore, the safety of drugs
regarding potential pyrogenicity is guaranteed. Taking into account the background
of endotoxin limits, it is surprising when the expert panel used the phrasing
“theoretical sensitivity” of the RPT. As demonstrated above, the calculations for the
validation study reflects exactly the current practice and the regulatory use.

Comment to A 1.2.1 Criterion 5 (page 3)

The PRP stated: “The new test methods clearly take longer to produce definitive
results”. This statement does not consider the mandatory pre-test for RPT which has
to be performed two days prior to the main test employing the same animals (i.e.
RPT lasts all together not less than 48 hours). The in vitro tests are usually
performed within less than 20 hours (i.e. incubation of the cells overnight and
measuring the cytokine content in ELISA next morning). If necessary, the tests can
be performed within 10 hours by shortening the cell culture to 6 hours.

Comment to A 1.2.2 (page 3)

There is a contradiction in this passage. On the one, hand it is stated: “The RPT
(Rabbit Pyrogen Test) detects both endotoxin and non-endotoxin pyrogens, but the
in vitro pyrogen tests have not been validated for non-endotoxin pyrogens.
Therefore, they cannot be considered complete replacements for the RPT.” On the
other hand, it is stated: “The BET (Bacterial Endotoxin Test) detects endotoxin in
most cases and is used instead of the RPT for this purpose.” It is not understandable
why the in vitro tests, able to detect endotoxin, cannot replace the RPT but BET, able
to detect only endotoxin, can.

There is a clear need for tests able to detect non-endotoxin pyrogens (for examples

regarding adverse reactions caused by non-endotoxin pyrogens, see comment to A

4.0 below, please). The PRP mentioned several times in the report that non-

endotoxin pyrogens were not included in the validation study. This holds true but
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there is a broad specter of publications demonstrating that in vitro pyrogen test
methods are able to detect non-endotoxin pyrogens. This includes papers which
applied the same procedure for pyrogen testing using human whole blood as used in
the validation study (e.g. Hermann et al. European Journal of Immunology, 2002,
Vol. 32, pp. 541-551, and Morath et al., Infection and Immunity, 2002, Vol. 70, pp.
938-944). One would appreciate if the PRP (at least) had mentioned those
publications.

Comment to A 1.3.2 (page 4)

The PRP stated: “A major concern is the lack of validation of these new assays
directly compared to the RPT.” There were data available on several studies
regarding comparison of RPT and in vitro pyrogen tests as used in the validation
study. The first study (Spreitzer at al., Altex, 2002, Vol. 19, pp. 73-75) concerns a
comparative study of Rabbit Pyrogen Test and Human Whole Blood Assay
implementing 29 batches of 10 different Human Serum Albumins from 5
manufacturers. All together, 261 rabbits were included in the study. Two endotoxin
spike concentrations in the range of RPT detection limit were used. There was no
failure in the in vitro pyrogen test. Actually, the in vitro test appeared more sensitive
than the RPT. In the second study (Andrale et al. International Journal of
Pharmaceutics, 2003, Vol. 265, pp. 115-124) a broad range of parenterals (15
different drugs) were tested comparing RPT and BET with Human Whole Blood Assay
and, additionally, with Human Peripheral Blood Mononuclear Cell (PBMC) Test. The
two in vitro tests showed good agreement overall, both with each other and with
BET and the RPT. The third study concerns a comparison of six different Coagulation
Factor VIII Concentrates (3 lots each) in RPT and in Human Whole Blood Assay. 162
rabbits were included in the study; two different endotoxin spikes in the range of
RPT detection limit were used. As in the above mentioned albumin study, no failure
was seen in the in vitro assay. Again, the in vitro test appeared more sensitive as the
RPT. The latter study is not published yet but, due to our knowledge, the data had
been provided to the PRP.

Comment to A 3.1 (page 9)

The PRP stated: “No ‘classical’ examples of biological products or medical devices
were included; thus, the validation of either of these categories has not been
provided.”

It should be mentioned that Coagulation Factor VIII concentrate had been included
in the pre-validation study where it was successfully tested. This preparation could
not be considered in main study because of its high price. Additionally, see the above
comment to A 1.3.2, please. Human Serum Albumin and Coagulation Factor VIII
concentrate belong to the ‘classical’ biological products.

Comment to A 3.4 (page 10)
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The PRP stated: "The coding procedures were adequate for the assessment of
relevance during the validation studies. However, the identity of substances used in
the reproducibility analyses was not blinded (although the spike concentrations
were). A reason was not given.”

It is commonly known that a pharmaceutical company has to perform for any test
the so called product validation in order to exclude potential interferences of the
preparation with the test system (e.g. inhibition of the test by the drug). Of course,
the best approach is to perform the product validation using a clean batch of the
product. The latter procedure had been chosen for the validation study considering
the practice in pharmaceutical industry.

Comment to A 4.0 (page 10)

The PRP stated: “... a summary of reference data demonstrating whether substances
that were shown to be pyrogenic in humans either passed or failed the RPT, BET, or
in vitro tests would have been useful.” There are data published regarding adverse
reactions (fever respectively pro-inflammatory reactions) in patients caused by drugs
which were negative in RPT as well as in BET, but could be tested positive using in
vitro pyrogen tests. The first event happened with a Tick Borne Encephalitis Vaccine
which induced fever up to cramps and hospitalization in around 50 percent of the
recipients. As mentioned above, both RPT and BET remained negative in testing the
product. In contrast, this product produced positive results with blood samples of 50
percent of the donors applying the in vitro pyrogen test (Whole Blood Test, Fischer
et al., Altex, 2001, Vol. 18, pp. 47-49). Another example concerns a dialysis solution
which caused aseptic peritonitis in the patients (Martis et al. Lancet, 2005, Vol. 365,
pp. 588-594). Again, both RPT and BET were negative whereas the in vitro pyrogen
test (PBMC Test) could identify the incriminated batches. These two examples
demonstrate that the in vitro pyrogen tests are in certain cases superior to the RPT
since they are working in the *homologous system’ (i.e. human indicator cells and
fever/pro-inflammatory reactions in humans).

It should be pointed out that the PRP should know the above cited cases as one of
its members was in touch with both of them.

Comment to A 4.3 (page 11)

The PRP stated: “Archived records have not been audited by ECVAM or ICCVAM.”

This statement is wrong as the archived records have been audited by ECVAM in PEL.

Comment to A 4.4 (page 11)

The PRP stated: “"However, the PEI did not have formal GLP accreditation (refer to
Section 5.5, ECVAM request for additional information).”
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As the Federal Agency of Sera and Vaccines, the unit for pyrogen and endotoxin
testing of the Paul Ehrlich Institute (PEI) is accredited following ISO 17025 (for the
lists of accredited methods in PEI see

http://www.pei.de/cin 049/nn 162948/EN/infos-en/pu-en/11-quality-management-
en/accredited-methods-en/akkreditierungen-inhalt-en.html, please).

Despite the above cited ECVAM answer, it should be mentioned here that one of the
PRP members visited the PEI unit for pyrogen and endotoxin testing and knows its
accreditation status.

Comment to A 5.1.1 (page 12)

The PRP stated: “Quality control (QC) testing of cell viability is not performed.
Viability testing of human cells before and after incubation should be performed.”

This statement does not consider how the tests are designed. It is one of the
advantages of the in vitro pyrogen tests that additional testing of cell viability is not
necessary. The functionality of cells is controlled in every test via reaction of
monocytes to endotoxin controls which have to induce a defined minimum of
cytokine concentration. This internal quality control gives more information on the
status of the monocytes than a viability test; viability test indicates only that the cells
are living whereas functionality test indicates that cells are living and able to react.

Comment to A 10.2 (page 21)

The PRP stated: "The discussion that reduction of the use of animals (i.e., rabbits)
will be associated with the increased use of another animal (i.e., humans) is
inadequate.”

This statement seems to be far away from practice. It is commonly known that
worldwide millions of people are donating blood (for example, more than 5 millions
blood donations per year in Germany). One whole blood donation consists of 500 ml
blood, a volume which would be theoretically sufficed for 5,000 to 50,000 whole
blood pyrogen tests. Therefore, the use of human blood for pyrogen testing would
lead to a marginal increase of blood donation. Blood donors are mainly volunteers
offering their blood for philanthropic reasons. Donating blood for safety testing of
drugs for human use is a philanthropic attitude, too.

Comment to A 11.4 (page 22)

The PRP stated: “Furthermore, the in vitro pyrogen test methods are dependent on
the availability of donors or blood supplies, which might further restrict the frequency
of which these tests can be performed.”

This statement does not consider the cryo-preserved blood since it would be
available at any time.
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Thank you for your attention to these comments.

Sincerely,

Dr. Thomas Montag-Lessing
Dr. Ingo Spreitzer
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Appendix D3
SACATM Comments: ICCVAM Evaluation of In Vitro Pyrogen Test Methods
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The following is excerpted from the final minutes of the SACATM meeting convened on
June 12, 2007. The full meeting minutes will be available online at http://ntp-
server.niehs.nih. gov/ntpweb/index.cfm?objectid=AF6CC417-F1F6-975E-
7SBSEF3FF7DFICDDC.

Overview of the ICCVAM Evaluation of In Vitro Pyrogen Test Methods

Dr. Richard McFarland, U.S. Food and Drug Administration (FDA), ICCVAM
Pyrogenicity Working Group (PWG) Chair, presented an update on ICCVAM’s ongoing
evaluation of five in vitro human cell-based pyrogen test methods nominated for review
by the European Centre for the Validation of Alternative Methods (ECVAM).
Pyrogenicity is defined as an increase in body temperature following the release of pro-
inflammatory cytokines [e.g., interleukin (IL)-1, IL-6, and tumor necrosis factor-& (TNF-
o)] by leukocytes. Pyrogens may be found in processing and packaging materials,
chemicals, or parenteral pharmaceuticals, biologicals, and medical devices. Bacterial
endotoxin, a component of the outer cell wall of Gram-negative bacteria, is one of the
most potent pyrogenic materials. Pyrogen testing is important to prevent the introduction
of endotoxin or non-endotoxin pyrogen-contaminated products into humans or animals.

Currently there are two accepted pyrogen tests. The Rabbit Pyrogen Test (RPT), which
measures a temperature rise in rabbits injected with a test substance, can detect both
endotoxin and non-endotoxin pyrogens. The Bacterial Endotoxin Test (BET), also
referred to as the Limulus Amoebocyte Lysate (LAL) Test, detects endotoxin by its
ability to activate a serine-protease catalytic cascade.

In June 2005, ECVAM submitted background review documents (BRDs) on five
methods for consideration by NICEATM as replacements for the RPT. The methods are:
¢ Human Whole Blood (WB)/Interleukin (IL)-1 In Vitro Pyrogen Test
*  Human WB/IL-1 In Vitro Pyrogen Test: Application of Cryopreserved Human
WB
¢ Human WB/IL-6 In Vitro Pyrogen Test
¢ Human Peripheral Blood Mononuclear Cell (PBMC)/IL-6 In Vitro Pyrogen Test
* In Vitro Pyrogen Test using the monocytoid cell line, Mono Mac 6 (MM6)/IL-6

Before describing the evaluation process, Dr. McFarland listed the members of the PWG,
provided a time line for the various activities connected with the evaluation process, and
described the ICCVAM acceptance and validation criteria for alternative test methods.

Following a prescreen evaluation, NICEATM requested additional information and
clarification from ECVAM in regard to the data provided in their BRDs. ECVAM
submitted revised BRDs that addressed these requests. Subsequently, ICCVAM prepared
a draft ICCVAM BRD that contained a comprehensive review of all available data and
information regarding the usefulness and limitations of the five alternative in vitro
pyrogen test methods and described the current validation status of the test methods
including their relevance, reliability, scope of substances tested, and the availability of a
standardized test method protocol for each test method.
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The major difference among the five test methods is the cell types used; the methodology
used for the test methods is very similar. Briefly, the test substance is applied to cultures
of the specific human-derived cells, which are then incubated for 16-24 hr. The
concentration of pro-inflammatory cytokines (e.g., IL-1B, IL-6) is quantified via a
cytokine-specific enzyme-linked immunosorbent assay (ELISA). The endotoxin activity
of a test substance is calculated by comparing the induced cytokine release with that
induced by the endotoxin standard.

The test methods were reviewed for their ability to detect the presence of Gram-negative
endotoxin when several parenteral pharmaceuticals were spiked with the endotoxin
standard at several different concentrations. The reference pharmaceuticals were
considered positive for endotoxin if the endotoxin content was > 0.5 endotoxin units
(EU)/mL. Differences were found in the performance of the five test methods. Based on
the information contained in the BRD, ICCVAM developed draft recommendations for
the use, formulated draft performance standards and draft test method protocols for each
test method, and identified proposed future studies.

ICCVAM’s draft recommendations on test method uses and limitations was that, based
on the validation studies with a limited number of pharmaceuticals, there is sufficient
information to substantiate the use of these test methods for the detection of pyrogenicity
mediated by Gram-negative endotoxins in materials that are currently tested in the RPT,
subject to product-specific validation to demonstrate equivalency. Further, ICCVAM’s
draft recommendations stated that although the five in vitro test methods may be capable
of detecting a wider range of pyrogens than was tested, the data in the BRDs do not
support this broader application. One limitation of the validation study was the lack of a
direct comparison of the results for the same test substances in the proposed in vitro test
methods versus the RPT.

ICCVAM also provided draft recommendations for performance standards for these five
in vitro test methods for consideration by the peer review panel and for public comment;
the purpose of performance standards are to ensure that any proposed mechanistically and
functionally similar proposed test method meets acceptable standards. Performance
standards include essential test method components based upon common structural,
functional, and procedural elements that should be included in the protocol of a
mechanistically and functionally similar proposed test method; recommended reference
substances for evaluating the relevance and reliability of the proposed test method and
the performance characteristics (relevance and reliability values) that should be met or
exceeded. ICCVAM also recommended draft standardized protocols that were based on
those used in the ECVAM validation study. Finally, [ICCVAM recommended future
studies that included the testing of a broader range of pyrogenic materials under
conditions where the in vitro pyrogen test(s) and the RPT were run in parallel to be able
to directly compare the results.

Peer Panel Report

ICCVAM and NICEATM held a peer review panel meeting on February 6, 2007, to
review the five in vitro pyrogenicity test methods. Dr. Karen Brown, DRL Pharma and
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Pair O’Doc’s Enterprises, chair of the peer panel, said the task was daunting because the
panel was tasked to complete the evaluation of the five in vitro test methods in one day.
She recognized the hard work and diligence of the panel.

The charge to the peer review panel was to review the draft BRDs for completeness,
assess whether each applicable criterion for validation and acceptance of the test method
had been appropriately addressed, and consider whether the information in the BRD
supported the draft ICCVAM recommendations for the draft standardized protocols, the
draft test method performance standards, and the draft proposed future studies.

The panel concluded that the explanation in the BRD of the usefulness and limitations of
the in vitro pyrogenicity test methods and of the description of the current validation
status of these methods was sufficient. However, they identified a number of deficiencies
in the BRD, which are briefly described below.

1. There were some sections where additional details would have improved the
document. For example, the panel wanted information included about (1) the
number of RPTs conducted per year to evaluate bacterial endotoxin, (2) the
number of rabbits used for pyrogenicity testing per year, and (3) the costs and
logistical considerations for either setting up the cell culture for the MM6 test or
obtaining human blood for the other tests.

2. The rationale for selecting the test substances for evaluating the five in vitro test
methods was flawed because it did not represent the range of products tested for
bacterial endotoxin using the RPT and seven of the 10 substances were not tested
in the RPT but rather in the BET. For example, no biologicals or medical devices
were evaluated. The panel felt that the number of substances tested in the
validation study was not adequate to evaluate whether a specific test method
could replace the RPT.

3. The in vivo RPT reference data were limited to one strain of rabbit tested in one
laboratory by one protocol using two sources of bacterial endotoxin.

4. The evaluation of the relevance of each test method was adequately demonstrated
and discussed in the BRDs, but was limited by the ability to judge a positive
versus a negative response based on 0.5 endotoxin units (EU)/ mL. Since samples
were only spiked with bacterial endotoxin, the relevance was only demonstrated
for the detection of this type of pyrogen, and there was no evaluation for the
ability to detect non-endotoxin pyrogens.

5. The discussion on concordance in the RPT is speculative because there was no
parallel testing with the RPT, and the RPT performance was modeled statistically.

6. The whole blood IL-1 test is inadequate because there were too many false
positives and false negatives; however the IL-6 assay appeared to perform better.
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It would have been more appropriate to compare these in vitro tests directly with
the BET, since only bacterial endotoxin samples were used.

7. Test method reliability was acceptable in both within and between laboratory
studies; however, a quantitative assessment of intra- and inter-laboratory
variability would have been more informative. A statistical assessment providing
acceptability criteria should have been performed to test the hypothesis that there
were no differences among groups.

8. The assessment of test method reliability had the following deficiencies:

a. There was a high exclusion rate for individual runs of the whole blood IL-1
assay due to excessive variability among the four replicates.

b. The agreement across three validation laboratories was only 57% for the
whole blood IL-1 assay.

c. The same subset of drugs tested for sensitivity and specificity should have
been tested for reliability.

Most of the panel agreed that application of the validation criteria to determine the
usefulness and limitations of these test methods to replace the RPT under conditions
where the test was for the presence of Gram-negative endotoxin was adequately
addressed in the BRDs.

The panel concluded that the usefulness of the test methods to detect Gram-negative
endotoxin was not assessed properly to determine their concordance with the RPT or to
compare their relevance with the BET. The assessment of the usefulness was limited
because non-endotoxin pyrogens were not included, and the pure form of the test
materials may stimulate cytokine production.

The panel agreed that the BRDs did support the proposed standardized test method
protocols if the list of its inadequacies were fully addressed. The panel noted that to
reduce variability, similar acceptance criteria must be used for multiple blood donors and
similar exclusion rules must be used for each test method. They recommended that a
more specific protocol be developed that details recruitment of human blood donors,
selection criteria for donors, as well as conditions for veinipuncture.

The panel concluded that the test method performance standards were not supported by
the BRD. Statements about the five methods’ accuracy and reliability were not supported
because two assays demonstrated false-positive results greater than 16 % and the in vitro
test methods should have been compared to both the BET and RPT. Also, the panel
thought that the small list of substances was inadequate to assess whether these test
methods could replace the RPT. Test substances need to include all classes of endotoxins
as well as non-endotoxin pyrogens.

The panel agreed that additional studies should be performed, and that ICCVAM should
consider their comments and recommendations. They suggested (1) establishment of a
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repository of clinically identified pyrogens to use in future validation studies, (2)
inclusion of both endotoxin and non-endotoxin pyrogens in future validation studies, (3)
prospective comparison of any in vitro tests with the RPT and BET, and (4) evaluation of
IL-1 and IL-6 levels in the in vitro tests and their correlation with levels produced in
rabbits exposed to similar levels of endotoxin.

Overall, the peer review panel concluded that these five test methods could be applicable
for a wider range of pyrogens and test materials if they were adequately validated for
such uses. It is important to recognize that, despite the panel’s concerns about the
performance of these five in vitro test methods, the FDA has a formal process for
materials regulated under 21CFR610.9 (e.g., parenteral drugs) that allows drug
manufacturers to qualify in vitro test methods for identifying Gram-negative endotoxin,
on a case-by-case basis.

Public comments:
Dr. Freedman identified the written comments submitted by Physicians Committee for
Responsible Medicine (PCRM).

Ms. Kristy Stoick, PCRM, said her organization submitted written comments after the
peer review panel meeting. PCRM was disappointed with the ICCVAM draft
recommendations and the peer review panel report. Since federal regulations specify that
these methods must undergo product specific validation for pyrogenicity, she encouraged
SACATM to recommend that ICCVAM help facilitate further development of these
methods by companies so the regulatory community can begin to use them as soon as
possible. She did not support additional in vivo validation studies.

Dr. Thomas Hartung, ECVAM, joined the public for this specific agenda item because of
a conflict of interest as a patent holder for the methods. Three of the in vitro test methods
were based on his research and he had coordinated the validation study prior to joining
ECVAM. He was pleased that the European Pharmacoepia will hold a peer review panel
to review and accept these methods. He was disappointed with the outcome of the peer
review panel meeting. He noted that pyrogenicity tests are very expensive and the
approval and release of a single product can cost several hundred thousand dollars. The
validation studies were set up to assess whether the new tests would outperform the old
tests within a set threshold. Only 50% of the samples would be positive in the most
sensitive rabbit strain. All of the in vitro assays have an accuracy of around 90%. He
outlined six points where the BRD had been criticized.

1. ICCVAM said the BRD is deficient due to the limited data for only 10
pharmaceutical substances from the validation studies, which alone cost $6M.
The recommendations for additional studies from the peer review panel would
cost between $20-40M and they would be a waste of resources because a product-
specific validation process would be required for each application. To help
contain cost, the tests described in the BRD were designed to emphasize the
accuracy of the method to detect pyrogens near the threshold.
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2. The peer review panel did not acknowledge the difference in status of the five
methodologies. Some methods are used in more than 80 laboratories while others
are used infrequently; however, the same criticisms were applied to all of the
methods.

3. The BRD recommended that parallel testing be conducted with the RPT.
However, parallel testing in rabbits is unnecessary because these studies have
been performed for 65 years using a WHO standard as a reference material. The
outcome from rabbit testing is so predictable that ethically it is not warranted.
Also, in the European Union, it will be impossible for ECVAM to carry out these
in vivo tests especially as the new methodologies have shown partial concordance.

4. Endotoxins are only tested in the BET assay, and this assay has replaced the RPT
for about 90% of substances; the remaining 10% of substances consist of non-
endotoxin pyrogen products that interfere with the BET. He asked why the new
tests have to meet higher standards than the BET, which has been endorsed for the
testing of many pyrogenic products. He noted that no reference non-endotoxin
pyrogens are suitable for validation purposes in rabbits and humans; therefore,
inclusion of such controls is scientifically impossible.

5. High endotoxin concentrations will be detected accurately in the RPT, BET, or
any of the new in vitro pyrogenicity assays. Hence, a concentration near 50 pg of
endotoxin, which is equivalent to 0.5 EU and is the threshold for rabbits, was
chosen for the assays. Additional concentrations of 100 pg and 25 pg were also
selected. Even though the assays were challenged at these low concentrations,
they were 90% accurate. False positives were due to spikes at half the threshold
indicating that the assays are too sensitive.

6. The new assays were evaluated fairly in comparison to the limitations of the
existing tests. The rabbit test, which has a number of limitations, has never been
properly validated for non-endotoxin pyrogens. The BET does not detect all
Gram-positive endotoxins although the new assays have shown some capability
for doing so.

In conclusion, the proposed test methods for which data sets have been provided
perform better than the BET and RPT. Dr. Hartung proposed that the rabbit assay be
replaced with the in vitro assays because the RPT cannot match their performance, as
reported in the BRD.

SACATM Discussion.

SACATM was asked to address questions regarding the peer review panel’s conclusion
and recommendations of the draft ICCVAM BRD with regard to its completeness; the
panel’s identification of errors or omissions; whether ICCVAM’s applicable criteria for
validation and acceptance of toxicological test methods were addressed; and to provide
comments on the draft ICCVAM test methods recommendations, usefulness of the test
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methods, the test method protocols, proposed performance standards, as well as proposed
additional studies.

Dr. Barile, a lead discussant, said there was no question about the usefulness of
pyrogenicity testing and the urgency and importance of validating these tests. In
combination, some of these tests will contribute to the reduction of animal usage. One
major deficiency of present pyrogenicity testing is that the RPT only detects about 50%
of the endotoxins. Some of the proposed in vitro tests had false negative responses in the
range of 10% while the IL-1 assay had a false negative response of 27%. These false
negative responses could be due to consistently higher variability among some donors,
which would be a limitation relative to a whole blood human assay. He expressed
concern that the IL6 ELISA test, marketed by Novartis, is a proprietary test and he would
not recommend approving a method without knowing the experimental details. He
agreed with Dr. Hartung that parallel testing in rabbits was unnecessary during
development of the testing methodologies. However, a comparison to RPT data is
necessary so that a valid concordance or regression analysis between the in vivo and in
vitro methods can be undertaken. He said samples spiked with endotoxin are not
representative of real world samples such as a biological vaccine or a solubilized
pharmaceutical product. There is no solubility problem associated with the testing of
biological vaccines in rabbits, but insolubility is a problem in in vitro tests even if the test
article is in suspension and this technicality must be addressed. He believes that the cell
culture methods are more developed than the whole blood methods for validation
purposes. A few additional studies, which address the panel’s recommendations, would
allow the cell culture pyrogenicity tests to receive validation status.

Dr. McClellan said he was generally pleased with the draft BRD until he heard Dr.
Hartung’s statement. He did not believe that the BRD is adequate nor can he compliment
the peer review panel on its report. He wondered how this difference of opinion would
be resolved and asked Dr. Brown to comment.

Dr. Freedman said he was confident that all of SACATM’s comments would be taken
into account by ICCVAM and, if necessary, ICCVAM could reconvene the expert panel.

Dr. Brown said ECVAM produced a reasonably comprehensive BRD, but the panel was
not able to address all of the components of the individual in vitro methods because time
for discussion was limited. Some of the details were missing or difficult to understand;
however, she felt that given more time to discuss these methods, the panel might have
been able to provide a stronger recommendation for one or more of the assays.
Personally, she felt that the MM6 assay has the greatest potential and several of the other
panel members agreed. The most bothersome aspect for the panel was trying to identify
the specifics of the validation protocols. She noted that for an in vitro assay it is critical
to identify every component and every single condition of the assay completely, but this
information was not provided, particularly for the MM6 test method. She was impressed
with the cell culture methodology, although specifics such as cell passage levels, or how
many cells are used in a test were lacking. She felt that the panel did not seem to
understand cell culture methodology and its related costs. Consequently, they got side-
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tracked in specifics, which hindered them from making progress and reaching
conclusions.

Dr. Brown said she does not believe that it is necessary to run in vivo assays in parallel
with the in vitro assays. She is unsure how one can run a regression analysis with one
test that is 90% accurate and a second that is 50% accurate. She questioned whether it is
necessary to validate an in vitro test against an animal test that is not as accurate as the in
vitro assay itself.

Dr. McClellan said that Dr. Hartung disclosed his own potential biases, concerns, and
background. He asked whether Dr Hartung was suggesting that two of the assays should
have received more attention and wondered which of the assays Dr. Hartung thought
were appropriately validated and whether he might focus the panel toward those assays.

Dr. Stokes said that in the future NICEATM would set aside at least two days for a peer
review meeting, so that a panel can fully understand the methodologies before they
deliberate on the evaluation questions.

Dr. Qu had some comments on the panel’s concern about data transformations. The
panel was not sure if the data were transformed and whether or not the use of a “t” test
for their analysis was appropriate. She said it is not necessary to use a “t” test even if the
data are normal. A non-parametric test such as the permutation test, which does not
require transformation, could be used. Dr. Qu noted also that it is important to control for
false positives when doing a multiple comparison for several tests. By doing multiple
comparisons, it is possible to obtain a statistically significant difference that is not
biologically significant. One approach to dealing with this problem is to use a more
stringent level of significance.

Dr. Becker welcomed the proposed longer time frame for a peer review meeting. He

suggested that it might be useful to convene a meeting with a core panel of validation
experts and then have subject-specific experts to address specific assays.
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et n EUROPEAN COMMISSION
DIRECTORATE GENERAL JRC
* * JOINT RESEARCH CENTRE
** ** Institute for Health and Consumer Protection
* European Centre for the Validation of Alternative Methods (ECVAM)

STATEMENT ON THE VALIDITY OF IN-VITRO PYROGEN TESTS

At its 24™ meeting, held on 20-21 March 2006 at the European Centre for the
validation of alternative methods (ECVAM), Ispra, Italy, the non-Commission
members of the ECVAM Scientific Advisory Committee (ESAC)' unanimously
endorsed the following statement:

Following a review of scientific reports and peer reviewed publications on the
following range of in-vitro pyrogen tests:

1. Human Whole Blood IL-1,
2. Human Whole Blood IL-6,
3. PBMCIL-6,

4. MMB6 IL-6, and

5.

Human Cryopreserved Whole Blood IL-1,

it is concluded that these tests have been scientifically validated for the detection of
pyrogenicity mediated by Gram-negative endotoxins, and quantification of this
pyrogen, in materials currently evaluated and characterized by rabbit pyrogen tests.

These methods have the potential to satisfy regulatory requirements for the detection
and quantification of these pyrogens in these materials subject to product-specific
validation.

The test methods have the capacity of detecting pyrogenicity produced by a wider
range of pyrogens, but the evidence compiled for, and considered within this peer
review and validation process, is not sufficient to state that full scientific validation of
this wider domain of applicability has been demonstrated and confirmed.

Thus, the above test methods can currently be considered as full replacements for the
evaluation of materials or products where the objective is to identify and evaluate
pyrogenicity produced by Gram-negative endotoxins, but not for other pyrogens.

This endorsement takes account of the dossiers prepared for peer review; the views of
independent experts who evaluated the dossiers against defined validation criteria;
supplementary submissions made by the Management Team; and the considered view
of the Peer Review Panel appointed to oversee the process.

Thomas Hartung

Head of Unit

ECVAM

Institute for Health & Consumer Protection
Joint Research Centre

European Commission

Ispra

21 March 2006
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1. The ESAC was established by the European Commission, and is composed of
nominees from the EU Members States, industry, academia and animal
welfare, together with representatives of the relevant Commission services.

This statement was endorsed by the following Members of the ESAC:

Prof Helmut Tritthart (Austria)

Dr Dagmar Jirova (Czech Republic)
Prof Elisabeth Knudsen (Denmark)

Dr Timo Ylikomi (Finland)

Prof André Guillouzo (France)

Dr Manfred Liebsch (Germany)

Dr Efstathios Nikolaidis (Greece)

Dr Katalin Horvath (Hungary)

Prof Michael Ryan (Ireland)

Dr Annalaura Stammati (Italy)

Dr Mykolas Maurica (Lithuania)

Prof Eric Tschirhart (Luxembourg)

Dr Jan van der Valk (The Netherlands)
Dr Dariusz Sladowski (Poland)

Prof Milan Pogac¢nik (Slovenia)

Dr Argelia Castafio (Spain)

Dr Patric Amcoff (Sweden)

Dr Jon Richmond (UK)

Dr Odile de Silva (COLIPA)

Dr Julia Fentem (ECETOC)

Dr Nathalie Alépée (EFPIA)

Prof Robert Combes (ESTIV)

Dr Maggy Jennings (Eurogroup for Animal Welfare)
Mr Roman Kolar (Eurogroup for Animal Welfare)

The following Commission Services and Observer Organisations were
involved in the consultation process, but not in the endorsement process itself.

Mr Thomas Hartung (ECVAM; chairman)

Mr Jens Linge (ECVAM; ESAC secretary)

Mr Juan Riego Sintes (ECB)

Ms Beatrice Lucaroni (DG Research, Unit F.5)
Mr Sylvain Bintein (DG Environment, Unit C.3)
Mr Sigfried Breier (DG Enterprise, Unit F.3)
Prof Dr Constantin Mircioiu (Romania)

Dr William Stokes (NICEATM, USA)

Prof Dr Vera Rogiers (ECOPA)
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Annex

The novel pyrogen tests are based on the human fever reaction. Monocytoid cells,
either primary from human blood or as propagated cell lines, detect pyrogens of
different chemical nature and respond by the release of inflammatory mediators such
as cytokines. Since lipopolysaccharides from Gram-negative bacteria are the only
type of proven pyrogen, for which an International reference material is available, the
tests were standardised to detect the presence of significantly less than 0.5 Endotoxin
Units of this preparation, which is considered to be the threshold level for fever
induction in the most sensitive rabbit species according to pharmacopoeia test
procedures.

The five tests which were sufficiently reproducible and exceeded the rabbit test with
regard to sensitivity and specificity for the detection of lipopolysaccharide spiked
samples, differ with regard to cell source and preparation, cryopreservation and
cytokine measured. The tests have been described elsewhere (1-4). The concept of
the validation study (5) and the international validation studies are available (6-7).

1. Poole, S., Thorpe, R., Meager, A., Hubbard, A.R., Gearing, A.J. (1988) Detection
of pyrogen by cytokine release. Lancet 8577, 130.

2. Taktak, Y.S., Selkirk, S., Bristow, A.F., Carpenter, A., Ball, C., Rafferty, B., Poole,
S. (1991) Assay of pyrogens by interleukin-6 release from monocytic cell lines. J.
Pharm. Pharmacol. 43, 578.

3. Hartung, T., Wendel, A. (1996) Detection of pyrogens using human whole blood.
In Vitro Toxicol. 9, 353.

4. Schindler S, Asmus S, von Aulock S, Wendel A, Hartung T and Fennrich S. (2004)
Cryopreservation of human whole blood for pyrogenicity testing. J. Immunol. Meth.
294, 89-100.

5. Hartung, T., Aaberge, 1., Berthold, S., Carlin, G., Charton, E., Coecke, S., Fennrich,
S., Fischer, M., Gommer, M., Halder, M., Haslov, K., Jahnke, M., Montag-Lessing, T.,
Poole, S., Schechtman, L., Wendel, A., Werner-Felmayer, G. (2001) Novel pyrogen
tests based on the human fever reaction. The report and recommendations of ECVAM
Workshop 43. European Centre for the Validation of Alternative Methods. Altern.
Lab. Anim. 29, 99.

6. Hoffmann S, Peterbauer A, Schindler S, Fennrich S, Poole S. Mistry Y, Montag-
Lessing T, Spreitzer I, Loschner B, vam Aalderen M, Bos R, Gommer M, Nibbeling
R, Werner-Felmayer G, Loitzl P, Jungi T, Brcic M, Brugger P, Frey E, Bowe G,
Casado J, Coecke S, de Lange J, Mogster B, Naess LM, Aaberge IS, Wendel A and
Hartung T. (2005) International validation of novel pyrogen tests based on the human
fever reaction. J. Immunol. Meth. 298, 161-173.

7. Schindler S, Spreitzer I, Loschner, Hoffmann S, Hennes K, Halder M, Briigger P,
Frey E, Hartung T and Montag T. (2006) International validation of pyrogen tests
based on cryopreserved human primary blood cells. J. Immunol. Meth. 316, 42-51.
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