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PREATELBEDOMETF2I T TWEEEE L £2.
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DD BT FEFETT,
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201349 H12H (K). 13H () 1T, “fEsts—
KA ZHD” &7 —<IT, H20EHARE R ERT
MREDRIBEFESE CGRIBRFEZTILRE SR AR
R THBRFRAARAF v O NATHEINEL /2,
ZODH 1 HEOFRITHE0EF RH#ES >R T L &R
L E L.

A - IRER B TARER DM REMN200 %l A 2
ZlEEaRL THEEZRBD, 5B0REHMLFEDH MM
ZRD 0T, BN OEZELIRMEE ZHEL TRS
WIS EOBEDS EfThbNE L,

MR ML OBIR SFRBE] ITDWTHARE
HHEYRBER (M EXELELZEGREEMOER
Mi—SeAIT, TRERTICXK2EMRE | BHEICHE
O Mg AR AL D T - MIREE) TDWVWTHEKFEKR
FRLE R TIR S T T HIEE 2R SRS AT,
[Clinical evaluation of immunotoxicity: Past and Current
strategies] IZDWTProf. and Head, Poison Center and
Pharmacovigilance Department, Lyon University Hospitals,
[Addressing

Uncertainty in Immunotoxicology. Evaluating Risk for

Lyon, France®Jacques Descotes?t 4 2.

Immunomodulatory Comounds] Z2WTUS Food and
Drug Administration, Silver Spring, MD, USA®Laine
Peyton MyersfcADJEIC CiEE W=/ZEE Uiz, Ak
2HHDEEEFEERNN, BIO2HMHLELDDME
EZ2EMREMLZEL I —ORIREREEDBD SN E
L7z

BHRED THEOFEMICOEE L TR TIZRRS5N
TWET,

HORERESEY Y LIV F — O ik oML, AR
HIE S Z T KT DWW T ORRAIBISE, B & ERR O FEE
UMRHEED 72O DINT A —F — BB O/ E
INSUAICHL<DIREzVWEEE, REHEOH
HBoHAELREBIIORND 2 MFBEL XY,

BRZIC, RIREREAICHEEHEFICBITSY XI5
fili, FEFMIEE. SROBIRE, REYE, H#HEPE
DR EITDNWTEHBRR ML 2E5bETEED
TWwizzEELk.

S kR R0 R
RESERARORKLFREE

EE -

(EXREFHEREHE

EEE SR AkPE (BREY) OREBERND
HEREE (adverse effects) TH O, GEMH, FE
U, T LIV F— HORE RENTENDELIN
TWw3 (WHO/IPCS: Guidance for Immunotoxicity Risk
Assessment for Chemicals, 2012), $yZ M HiRE: 2
PEDE D S HURIER R D O EHUFE RIS DIT
ST B EMMTE D, PiEIERROEEHREITI
TIEREREIIH] (Rd i MM kE D EENE) . ek
Juitt. 7 LILF—TiiE. HORE T, KEHE. BT
LIV F—iF, EREEHRENE TN, iR GEW)
BB CEMMAHRE L CTERT D) wEHmteL T
13, HURFEISRM 7 L)L F—, BEREY Y L)L F—, 3
YRR HCRESEN G ENS. HOBSN5DY0
ST HELTIR. BRASOIEERNZRHERE 5
MNEWEIZL D00 H 5, BERWLERIE. EEL
PEETNBFOMIC, B BRERIMRENH D,
B RE S LTI, BEERE. REEE A
WIERME R ENH T 5N D, BEHAITIE, REHEET
. PIHNCIIREEME. BEL B BESFD
EREMIC X D RENG 2 EZ2HRELTWEN £
DRITT LINF—PHOAREBHNRIIED TE,

S A I BT A EBR AT KT 1 I D0W T,
EIEHICBES SICH S87 1 KT > (20054 9 HIZStep
4) DMERR S NBRIT. KRERBE 2o 720, WEE,
{LEWEIZ B3 B2IPCS/WHON 1 4 > AN\ n
7o S8HA K TA NIKSTEIE D IE R 72 522 90
Hil & T E Bl & L. MEEMERABRICA D £
TITWHEITIR U TIT D N & JEER IR 098 3 1 il Bk D FE e 5
EICET B0 TH 2, —F. LRDOIPCS/WHOH A &
AR BRERICEET 2L EMEOBGE T — 512D
SURVFliZEZZEBMNELEZEDHDT, 7T
CHDREFFEEDITMMRE L, & MBI D EN
Br—FEBEHAL TS, MEHEOHWESKELINDY
27 EHITINC-MHEND S H DD, weight-of-evidence
7 7 O—FIZEDSFEMOREANIIETH D, REHME
A BT B HEOREAN LS 2 H gL TW5, #
BEOHA Y ATIE, REHFMLFMOAE (5 —RAR
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F54) LT, 8 (D, hexachlorobenzene (%
T, NOT I ALEEE (REREME) . citral (&
AEME) . /KR (B ). trichloroethylene (HC%%)
D6 DDILEMEDFINRINTHBOD, UZXTitios
ELrb,

BIE DR DO#REITE N R 59 2 Ml o HhE
STNRBENICHEZDODOH 5,

MHC class IIIZ K B HURNR T F RigR &7 5 Mz,
707z aF)VizblEidaiid &FEn 2 shk
fand 50, ZHIRIBELRZEBROEROHDMNH D,
WHFNIER T BEEHH DT EITEELZN, FlZE
FERED T > VN > Z R v fn e g 2 o B b
T %, @E OB AT S 3k 2 b &
U T, EMARERBHRMAL S, SO0 R TR A i D HERIZ
HRLTELZ2BDOBHENTWNS, iz, ik
ITHR U7, U 2N ET R A0 0 8 R 65 el & B A
DOHFHICEE L INT NS,

CDABGETHIFE D43 TIE. BHIRMIRE & - — T THIfE
ORfEFMHEER OB, MHCH T & THIlEZBKROME
YER DOz, costimulatory molecule&Z DV Fi > RDAH
HER., SHRE=ZDOSTFINELTOYA A >D
FEOATE E S, T — T THIZIZ AL S —TH g0
FIPETHIIZIZ ML T B Ea Db, kD Thl ETh2D4tiz,
b N T, Thl7. Th9, Th22%Z O Hi7z7s~\)V )N —=THiE
MHEBINDIENHREINT NS, Tz, HIEETH
fil (Treg) MEAEINDRMEITDONTHFEMZFTLANE
ATWD, 728, Thl7TKUITh22D < X ¥ —iEE R 113,
ZHZFHN, ROR, AhREWbN TV, —F, HRGE
HkREZ A 9 2Tl OF & L Tid. iINKTHilE. MAIT
#AE (mucosal-associated invariant T cells) ZE3%1 5 #
TWnb, GEHMETZEICB N T, Thl % O Th2H iz hn
AT, Treghifa @il & U EROBREN S, ik,
Th17HRE B O & (R 3 2 880 5 iR E /AL
BE2H5D2DOTIHRWNETFHINS,

PERDOH B REB Y EZ RITMIAT I OT 7 — 21T
AT, PIREMEACEEEEEMAZ D DOM2E <7 0
Ty —Th, RIE. EEPONAREOHEE T, &iIEHE
INTWS, M2ZBRIZISICH TV A FICHEINY
BNH 5. BEGEOB RN SIE, MBS HES
N5ERFERGENFICES EEbN SN, BEORE
TLHEEASM2ENT X D W UNCHIHE RS, Bk
RIE. TUINF—HOCREOTEIZDRNEZHD ET
HINTWa, MIRZ7 077 =KD i n5AIM
(apoptosis inhibitor of macrophage) IZDWTId, RIED

RBPERBIIB T2 HEEMNEHENTVD,

WEARZICH T 2Pk Z2HES 7+ E LT, Tolkks
Z4k (TLRs). RIG-1#k32%K. NODESZ% & (NLRs).
dectin-1%5 D B A %IE IZBI 22 B4k (pattern recognition
receptors) HRAIZHWEINTWS, NKHllEZEEK
EEFOEMMIE LoD T RIZETHIHMASEL TN
5, I 51T, KEHNSHE IS DEREENZEERD
fli. AhR. PPARs. RARs. RXR. RORs. GR. VDRZ®D
BNZEER ESHRERT) X208 RME0 s b
HEREOHFGICEL THHZRMANBZ SN T NS,
BTICE > Tld, REHEEDFAICEEE T 2miRNA®
epigenetic/Z KT DHEHLEH 5.

ZO&DIIT, REFITEET S Ml HAE S T A R EERY
WCHADDHD, BEHEEONA I —H—Ef &7z
TWaBMN, UZRTFHMZDHDNEB IR I N2 MR
WIRELEE>TOWARWL, U FMOBEE U THEA
TELNENETMIT 2ENNGHEDMBELEINK D,

CZEREEROUNBRT LIILS SO FE

E9, HREROEYT LILF—IZ DV THR N,
ICHS8® .2 &) T, [HfE EXFOE2FERIT
MR RICBIT DT LIV U GUREME) Wk R1
7 E O T SRR S IR, ZhS
ZiHlid 5B Mo iz ThEREN T Y
BV, I N TS L3I, KaTibamoe ~
BT DHIEE T LIVS 2 FHIL S 5 JEEE K BRiE
WL N TR, SR RS IgEUR OB A T,
% 9 Th2-prone’/2i#m i & BRI 2 & B M 7 L L
F-RHECHEGTHHDEEZSND, RICHEERKT
13, EYOBEEZNLE R ECRENEE O REE
Abid, BfilETE h—TR3NTFfeanizs >N
DEEDNT T2 THIHEMENERMETEDH, AN
JWN—THIIEOFEENLEREE, THRIE h— 72,
NTFAMRTF RTHZOM, LEREELRWEY &
HOXTF KAMHC class IITHEFICIRRINZHDT
HBOMMHABICESN TOREVEENE N, £/ %)
R FUREA IR OMEEERNSEE SN, T
fME &R O M B T, BHIRMIE E odrug/
peptide/MHC class T2 THIEZBARNE#HTHEEZH
N3, LML, THilL EBift M EAER O %G, Bl
Fddrug/peptide/MHC class I RN TIERIND T
L ERERITR LSBT, BRI & BRI o FH A
TERNERSGE, BHRHIE L iZnative antigen /R &
N5 ETFRINTNDH, FURPIKESHRE L TORR
ThdMhaEED T, TOFEMIT AL EANE N, K&
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MIZiE. A EO XS RN EROEY 2 AW THL NI
INZLET, IO 7 LIVY O RBRIEERET D440
EhRHsEEbNns,

R ENELEEINTVREHOD, 1> YIATD
LR NG (L0 THL, 1 > ENOTORE MF
20— AL BRHFEMI. MHC class IIND )
DS, FY VT —=F NI EONT T ALEZHFIZIC
T2 HENMEZ D RERIIE I N TV S,

tEMEICL D BEREFED T

HEeREBEOHEICERT I n2bamE LT, £
SOFIMALENTNDEHDOD, HERENFEIRT 5l
WIZKRTH D, TORERMBOHEMTIIRNWEHES
N5, LML, Polland®s (Chem. Res. Toxicol., 23, 455,
2010) AURULZE DI, (LEMDIERNSEZEA T, WD
NOTO R A THRIRNEFNET D ZENTE S, fi
AT ALEHRBEOMIZ, 72 2N MERIGPE. Treg
AIE-SThlTHifa O ERR ENETF o N5, £z, 4+ —
N7y D=2 HEREREICHHENCER L TnS &0
WMEDD B,

HEMFBEEOHCARE O HEREDIRREE X 5
WWHERZRTFEL T, BECEFOERRETOAMIZ,
HE PR Xidneoantigen D [Al & LS BE GRERHR
B, EHMN) . PRI XK 2 BRI E D REN
5OEEOHE, HObik (g6 XMt (CD8
P THIREIC K S/ E) DORGENFEIT SN,

HEeREDOHEERTEL TIE, PPARYIZZX N, o
> —7 x> (type Iand II). Thl7#ifE, ZEMED A1
NAA L WEREREMEENH O, FEMNHIRKETFE LTS,
FIEMEF OMIZ, Treghifa, HHIMEY A1 1 50
» 5,

{L2EMEIC X 2 BOREHEEEZ THIT 2 —F 7R
SRERIEIZIRAE RV, Murine popliteal lymph node assay
(PLNA) S HCORERIEET IV I A2 NS HEND
5HEDDATHTHO, HizlaNA A<= — DL
HEEBRDNS, LML, BMOKB T2 TOlLEME
DHCOREFEEEZ THT S Z LIIREE Bbn 5,
BEOREH YT DOWT, EWEICHCRERE &
TUHEDIEFMREOMEAN I SICED Z ENEEN S,

mERESE

W e m I, SR E (MM ZED) HBE
RUBHEMS ORI AL, AFEREEZ D
5T IELEERTE S, HEOELBEHAEICIE, IgA
FURD 3, JRIFERDRADI L, &Y LILF—oH

il RRORZEEROHERD . BRI IIEOMSH, HEY) 72
NAIE# GLEME) OMFENH D, 5 OHEEED
IR THE Z IS R HEE EIERZ &N TEL D,

JFERERICIE. 2FORERMBOENITHST S
BOMBMNEELTHBD., THICEO DML S T
b5, BELRMEOMKAEE L Tid, TLRs°NLRsZ
U-BERGE. IgART > AY A b= X, RAEAZLT
ST ENALENTWBA, 7V 7 NEEEERICH 2 HAI AL
EIEEN D LM AT > oWz, Nr— Mgy
JF =L PIEXTF RGWETS. )N TIVIRICTEE
TAHAMMAEIE. PURF S A A b= AKX OBED
PUE 2 BN I 20 e, 72, BRI X 2 15%
NOMEDOEEDEUAA B A SN TS, BHRHEI
[gABEEZRHET 5 —~H T, REERFICHEEGT 5, ¥
MEEA I, iz, BEMYU 288k (ELs), v 0
7 v — . ThIfifa, Th2fi g, Th17# fd. Treghi iz,
HRGERY >k (LCs). HARGEARTHM (NKT.
MAIT). IgAMEAREME. ~ X MllaZ, Zhkizf
RAMBABENTFEEL T 5,

IBERBICHEEZ KT D 2ROZEMEOHF &L T
. XA I RFT O THETETFIoNL )= NE4
THh3H, MU BEEZEZRTIENASNTVS
{LEHBEOHNTD L A DI, BNHE I HRT 5 G
eI B2 RZTREMEL TIE. LPS., RTIF RS
US> ORIV ESEIBNEE SN D D, e Pk
e, MRBEOBRWTPARDGEREICEEE L5 X
5%, BIE. BEORIEEMA DEE B TONA T T 1
I ADBFENEAITED SNTHBY, EFHEED TS,
BEREE2mY b0 E LTI, ThiWEZTiESE5
i, IBDFOIIEOHH zHHET S D E L T,
£ DBEFHEYPMESN TS, IS OWEDIER
N, BERROBANSHL <BFENHIT DL,
IR B OB AN S L OLEYE DR 2 RET
WENHBNE LN,

BE, MiBIgAL )L E)XA TIVIR 2 & O IGE O L
WHE MR E NG E E ST 2 BER S L TH
NWHENTWSN, MIZI3AE ARG E Nz kD7
VW, SHOMEHEE LTI IBERERMEOREL
FRADY A R T O—A R —, BRNHEEZEOAY T/
LFEFTR A Y RO — LB NET 5NN, S 5IH
BNAF—TT—DBFEBEEND,

RESHFOFRESE
G EFPILOm M S LIEN TS & Bbhn
Z3DDREYZ ZIZDNVWT, FN5OHEERRT,
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ERUZEDIT, Fix ONAF— N —BEIEG L T
WBHDOD, URAZFMITHBTBEAEOFEMAAR T4
BHEDNELNONHIKRTH 2, N FI—T—DERE
ZOHAEOFMMNEEND, 1>ERDOEA > U T
DT —4 Z#iE U J=Systems Biologyf)7s FHIEE DB FHE D
FRAWSNAHREMENE W EE S TWBA, EFDRE
NEBATOWBESTHD, BBIFTWEENWE,

REBEMOMEE LT, ERIIZE T~ 22 AN
LBANITOND ZENZN—FH T, —RKEERBRTE
AEN37y MBI LHEHRNAEL TNWDE T —AN%
Wk icEbind, B hAOSEEOENS Ty bEM
W B BIE DML DL EIRIGE DN H B EBbh b,

—}. BBREZEZLE MUET2EHABHRINTNDS,
t MR L D b Uz MR, b PEETFEAT
TA, B MUERERBEME R AEEFAL L
MR OEE S HAA SN TN D,

LWy A TONAFERES, BEREENET2H
AN 7/ METRESNLHAHEZEMEH NS T
SRS E G O FE R B Ol 5 % ORE
BEINTWBY, SEHEMNEF OHEE T 2 2B A
NpEEINE T - EEbN 5,

RIEEFICK D EBKIRE :
IRMERAE I DR FRIE( LD 0 F - ke 2 82
we #a
(RRAFASEESRITA T PHES)

ZDE, FHOEFEMARS DRI AICBBEVWE
FEELTREEDEHS T3 Wk L=, BEES 42
[ 22 B E D A 75 5 BB A D S AR\ D R R
PEEBLNCHERIN TSI EITEBEREAE L, 2
T, RO WZ L E L AZNEITINEL Tt
OEFIZDNWTHOEAERLLET,

B - SRR R 112 & B AR O @R 7 B 1 R 1
12 K DABMESIE DK BRI ERGE, Bk & Talas I KR LAY
B Z0FET, CollagenI (Coll) #IZU D ET BRI
BOEMTH 2T, AlGOBREICE SN2 XKD
AREERERBGHKISTH O 90, BERSHEIIE
EliEmEEr2E2 b0 LET, REMBHEILERE
LTid 1) FeFeMEmE MRS (IPs) : RN ZFeE L7s
WM R ORI TH 0 £9, KFRMEMEHEE (PP
3. AO10 AH 7= 0204528 S HEHIE N, BTt
THRIER. O EENIELEINDIEFITTHRARLE

BTHOXT, 2) AL : BOEICHBT HCRIFFRD 1
VA EBRIFFR T A )V A DRGREI305 NFIEL ., AT
% (CHIRF#565%. BIUMF#:12%. NonB/NonC4.3%. 7
VA=)V #13%) TR ZEEIIBEL TS5 T AT
£ 3THETANRLCT FMIEOREEZL L X9,
Feo 1 TFHABRECHEY IV a—IVEEF (NASH)
ZRHDESNFETH LSRR TR0,
HICWHHHEICRDABNEZEBHENER>TETY
9. 3) HEAUE | BMRIREER I DETE AR
FRIWAT 2 —T5, BERIGVEBHE 2 R R O B R 1T
KB RBTEFZIBEEINL GOA N BITEEE
W1 JEETEMNITE U ERBERED 4 %% H, EERK
FHICOERBMELZ>TBDET., 4) BEfHiV U
F - HEE BEBULT075 A\ T EE D15~30%IZ Rl & i 4¢
MEPFT 2 —75. 1IPsD 3 &N HCREREBNEGT 5
EEONTVWET, 5) #2EAPH TR, U ST
AN MR D HBMIER ENDH D £T, BRELE A
W EH<THLWHETH D, RiEOHERREEDNS OBk
BEPM2.5+ i IR VE I R R A/, il & DB TR
ZIRERWBELEITE S THD ET., 2L D ITHME
FRBICIERSEREOREN L2 EENET. THiK,
PEEERIC D, IO 2L, TITiT
L 72 RET WG - BB RIEZ LT 2 2 EI3MRE DR
HTHUET,

B E b TR, HRESFHEOERICE
T35

1) 19944 Bucala®b 12 & > TH R & 4172 # e Mg
(fibrocyte) 1. H#fiHkMIE (CD45+CD11b+HLADR)
TH A 5Col I, VimentinZs & DECM & FEH 9 2 Hilfa
THO, MEMEEREZN L TTENA 2 ZEMRCXCRER
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Clinical evaluation of immunotoxicity:
past and current strategies
Jacques Descotes
(Poison Center and Pharmacovigilance Department,
Lyon University Hospitals, and Claude Bernard University,

Lyon, France (e-mail: descotes@me.com))

1. A brief history of clinical immunotoxicology

The area of immunotoxicology encompasses four categories
of immunotoxic effects, namely immunosuppression,
immunostimulation, hypersensitivity and autoimmunity,
the clinical consequences of which are fairly well
established nowadays thanks to major immunotoxic
events that occurred during the last 3 decades.

Immunosuppression can result in more frequent and
often more severe infections as well as virus-induced

neoplasia, such as skin cancers and lymphomas. This

was illustrated by infectious complications reported
shortly after the introduction of immunosuppressive
drugs in kidney transplant patients (1966), an outbreak of
polychlorobiphenyl (PCB)-induced Yusho disease due to
accidental rice oil contamination in Japanese inhabitants
(1968), polybromobiphenyl (PBB)-exposure of the Michigan
rural population via contamination of cattle feed (1973),
US FDA warning on infliximab-associated tuberculosis
in rheumatoid patients (2001), or the first case reports
of progressive multifocal leukoencephalopathy in
natalizumab-treated patients (2005).

Adverse effects resulting from immunostimulation
include cytokine release-associated clinical manifestations,
more frequent autoimmune diseases and hypersensitivity
reactions to environmental allergens, and inhibition
of cytochrome P450-dependent pathways. Although
these adverse effects had been identified as early as
1985, awareness only grew with reports of cytokine
release syndromes in muromonab-treated patients
(1990) and mainly the “cytokine storm” in human
healthy volunteers following injection of TGN1412
(2006). Hypersensitivity-related events include immuno-
allergic reactions involving specific antibodies or
T lymphocytes, and pseudo-allergic reactions due to
nonimmune-mediated release of some mediators
involved in “true allergy”’. Hypersensitivity has been
a major cause of market withdrawals, e.g. zomepirac,
a NSAID causing anaphylactic shock (1983); Althesin’,
an iv general anesthetic causing acute pseudo-allergic
reactions via complement activation (1984); nomifensine,
an antidepressant causing immuno-allergic hemolytic
anemias (1992). More recently, cetuximab was reported
to induce anaphylactic shock (2008). Auto-immunity
can manifest as organ-specific reactions mimicking
spontaneous autoimmune diseases (e.g. myasthenia)
or systemic reactions bearing many dissimilarities
with spontaneous autoimmune diseases (e.g. lupus
syndrome vs. SLE). Major immunotoxic events linked
to autoimmunity include withdrawal of the B-blocker
practolol (1976), the Spanish toxic oil syndrome (1981),
fasciitis-eosinophilia due to L-tryptophan (1989),
autoimmune thyroiditis in IL-2-treated cancer patients
(1991) or the first case reports of red pure cell aplasia in

patients treated with recombinant erythropoietin (2002).
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2. Past strategies for the clinical evaluation of immunotoxicity

Clinical aspects of immunotoxicity have long been
overlooked: no review papers on immunotoxicity
evaluation during clinical trials have been published
prior to 1998. Two major publications deserve particular
attention. One of these, “Immune Function Test Batteries
for Use in Environmental Health Field Studies” by Straight
et al (ATSDR, Atlanta, 1984) defined 3 levels of tests
recommended to evaluate the effects of environmental
immunotoxicants in humans. The first level (basic
tests) included serum levels of antinuclear antibodies, C
reactive protein, IgG, IgM and IgA, and total proteins,
white blood cell count, total lymphocyte and eosinophil
counts, CD4* and CD8*% lymphocyte counts. The
second level (focused tests) only concerned the follow-
up of abnormal basic test results related to immune
deficiency (antibody levels to a given antigen, CH50
assay, tetrazolium dye reduction assay, mitogen-induced
lymphoproliferation and skin tests), hypersensitivity
(total and specific IgE serum levels, leukocyte histamine
release assay and skin tests) and autoimmunity
(antithyroglobulin, antimitochondrial, anti-phospholipid,
and antismooth muscle auto-antibodies and rheumatoid
factor). Finally, the third level (research tests) covered all
other tests not recommended for use in field studies. Two
years before, the subcommittee on immunotoxicology
of the US National Research Council Committee on
Biologic Markers published a more detailed document on
“Biologic Markers in Immunotoxicology” (1982). A 3-tier
approach was recommended. Tier 1 included markers
to be measured in all persons potentially exposed to
an immunotoxicant. humoral immunity (serum IgG,
IgM, IgA levels, and secondary antibody response to
specific antigens, e.g. tetanus or influenza vaccine),
cellular immunity (total and differential blood cell
counts, lymphocyte surface markers, e.g. CD3, CD4,
CD8, CD20, and skin testing with recall antigens, e.g.
candida, diphtheria, tetanus), autoimmunity (same
autoantibodies as above). Tier 2 was restricted to
persons with abnormal results in tier 1 testing. primary
antibody response to specific antigens (e.g. KLH), in vitro
lymphoproliferation assay (ConA, PHA) and primary DTH
response to KLH, extended panel of surface markers
(e.g. NK cells, monocytes, and activation markers), and
finally serum cytokine levels (e.g. IL-1, IL-2, IL-6). Tier 3

was restricted to persons with abnormal results in tier
2 testing and included, case by case, NK cell activity,
extended lymphoproliferation assay (e.g. anti-CD3), in
vitro antigen-specific T lymphocyte cytotoxicity assay,
immunoglobulin subclass levels and/or antiviral antibody
titers. Two major conclusions were presented, which
are still largely valid today: “[tests] for humoral, cellular, and
nonspecific immunity [] are not sensitive enough to meaningfully
detect modest immunodeficiency in populations of individuals
exposed to immunotoxic agents” and “because available tests can
lack the sensitivity required to detect modest immunodeficiency, a
major focus should be on devising more sensitive tests for markers

of immune impairment”.

3. Current strategies for the clinical evaluation of

immunotoxicity

Clinical immune monitoring can prove to be useful
for immunopharmacology purposes (immunomodulation
via on- and off-target effects) and immune safety
assessment when a safety issue already exists or to
evaluate a potential new issue not seen in preclinical
studies. Currently, no regulatory opinion or guidance on
the clinical monitoring for immune function assessment
has yet been published so that each sponsor has to decide
whether clinical immune monitoring is indicated based
on the interpretation of available information including
nonclinical data. One exception is immunogenicity related
to therapeutic proteins. Available assays and endpoints to
be included in the immune monitoring of a drug candidate
are not markedly different from those recommended
above. The most commonly used endpoints nowadays
include blood cell counts (especially neutrophils,
monocytes and lymphocytes), standard clinical chemistry
(albumin and proteins, CRP and fibrinogen serum levels),
and lymphocyte subset immunophenotyping. Major
issues regarding the later assay are the quality and
reproducibility of results especially if the analysis is not
performed in a central laboratory. The significance of
changes in complement (C3, C4, CH50) or immunoglobulin
serum levels is debatable, unless very profound changes
are observed. Among assays, which tend to be more
frequently performed during clinical trials, immunization
studies are the leading assays. The immunizing agent is
most often a vaccine, either a killed/inactivated vaccine

(e.g. tetanus, diphtheria, influenza, or hepatitis A or
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B - live vaccines should be avoided) or a T-independent
vaccine (pneumococcal polysaccharide vaccine).
Neoantigens can also be used such as KLH (with a risk
of cross-reactivity in shellfish allergic patients) and
PhiX174 bacteriophage. Several critical issues should be
considered: is the vaccine approved for clinical use? Will
the measured response be a primary vs. boost response?
Will controls be healthy or diseased? What is the role of
background medication (e.g. methotrexate)? Is a robust
and validated antibody assay available? What is the
validity of selected endpoints, e.g. protective titers,
differences in geometric means or antibody kinetics?
Other commonly used assays include delayed-type
hypersensitivity (DTH) skin testing to KLH or recall
antigens, and lymphocyte function assays, such as antigen
specific or mitogen-induced lymphocyte proliferation and
cytokine production (e.g. Elispot).

Many questions remain unsolved as regards the
clinical relevance of the data generated: is a statistically
significant decrease in one given endpoint to be considered
an immunotoxicologically relevant finding? Which level
of decrease is to be considered relevant? How to deal
with inconsistent results across measured endpoints?
Obviously, these questions are also pending in the

preclinical setting.

4. Conclusion

A number of improvements are urgently needed
regarding clinical immune monitoring. There is a lack of
adequate standardization for most immune monitoring
tests and the aim should be that standardization of
immunological endpoints matches that of clinical
chemistry. Efforts have also to be paid to correlate
changes in selected endpoints with the expected
occurrence of clinically significant adverse effects such as
infections (i.e. validation). Indeed, monitoring infections
during clinical trials to assess the immunosuppressive
potential of a drug candidate requires large groups of
treated vs. untreated patients. Immunotoxicology can
also make significant progresses by tailoring preclinical
assays and evaluation strategies to better identify
immunotoxicity warnings that can be further assessed
during clinical trials (i.e. translational immunotoxicology).
Finally, specific immunotoxicity biomarkers are

clearly needed to improve the immune safety of drug

candidates. It is important to keep in mind that clinical
immunotoxicology is still in its infancy. Nevertheless,
there is an obvious need to better address immune safety
issues during clinical trials. There are many questions,

but only few answers available today...

Addressing Uncertainty in
Immunotoxicology: Evaluating Risk for
Immunomodulatory Compounds

Laine Peyton Myers
(US Food and Drug Administration)

Immunotoxicology has advanced considerably since
its early beginnings in immunosuppression of toxic
chemicals. This is evident by the many research areas
in immunotoxicology that span the spectrum from
immunosuppression to immunostimulation and others that
cross both spectra and are simply “Iimmunomodulatory”.
Although we have advanced the science of understanding
immune systems, our nonclinical models for risk assessment
of immunotoxicology of compounds destined for human
exposure are only partially successful.

Current regulation regarding immunomodulatory
changes for pharmaceuticals relies on an older 2002
FDA Immunotoxicology Guidance (for US products)
or the ICH S8 Guidance for products worldwide. The
Guidances do cover immunosuppression, immunogenicity/
antigenicity, and hypersensitivity somewhat thoroughly.
For immunosuppression, there are many pathways
for evaluation that rely both on cellular evaluations
(e.g., cell counts, percentage of subtypes) as well as
functional effects. The most common assay for evaluating
functional effects is the TDAR (T-cell Dependent Antibody
Response). There are multiple protocols for the TDAR,

* CD40-CDA0L,__
Ag ——m—— S CD4* Th cell
APC Sl
wic- il il CF \ = IL-2 secretion,
[\ iyl proliferation

ﬂic—l —u.

& TH, TH P—
perforin/granzyme IFNyI 1114 ‘idafﬂ’ switch

Fas-Fasl.
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but most utilize KLH (Keyhole Limpet Hemocyanin) or
SRBC (Sheep Red Blood Cells) as an antigen with or
without drug exposure. The TDAR is relatively good
at predicting strongly immunotoxic compounds, but
weaker compounds or non-suppressive compounds
(e.g., immunomodulatory or immunostimulating) are
not usually detected using the TDAR. Immunogenicity
is commonly covered by ICH S6 guidance for biologic
compounds and is somewhat specific for biologic
products. Drug products may cause immunogenicity, but
not commonly unless adducts or haptenization occurs.
Hypersentivity is commonly assessed using the LLNA
(local lymph node assay) in rodents. Similar to the TDAR,
it is effective for strongly reactive compounds, but weaker
compounds are not readily detectible using this assay.

Although these Guidances do an adequate job discussing
immunosuppressive compounds or hypersensitivity,
they do not adequately cover immunomodulatory or
immunostimulatory compounds. This is not a fault of the
Guidances but is the product of the advancement in the
science over time.

For example, although we have evidence of multiple
products that cause autoimmunity, we do not have an
adequate nonclinical model for evaluating autoimmunity
prior to administering drugs to humans. This leads to a
lapse in safety evaluation due to the lack of an adequate
model for testing. Similarly, we know that compounds
can stimulate immune responses. For example, the now-
famous TGN-1412 only marginal effects in nonclinical
models, but caused serious adverse effects clinically.

The drug was an IgG4 monoclonal antibody which pan-

antigenic
peplide

partial activation,
tolerance

complete activation,
primireg

activated T-cells. Patients administered the drug had
severe cytokine activation and cascade or the widely used
“cytokine storm”. In the several years since this clinical
effect, marginal success has been made advancing the
models to predict these effect nonclinically. However, the
Guidances regulating these products has not advanced.

In conclusion, the current Guidances for Immunotoxicology
appear to be lagging behind the science. It would be
suggested that cooperation between the regulators,
industry, and academia identify the current state of the
science for assessing immunomodulatory effects and set
a plan for updating the current Guidances. Furthermore,
research gaps can be identified, further supporting areas

for research that could benefit all parties.
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