The following concepts are forwarded to help define the three types of data and help
illuminate a path towards biomarker validation. In summary, valid biomarkers differ -
from exploratory research pharmacogenomic data by their level of performance when
evaluated in the context of a suitably large test set.

A. Exploratory Research Pharmacogenomic Data

Exploratory research pharmacogenomic data are generated in a study that does not meet
the probable valid biomarker design criteria (described below) and are interpreted to a
basic level (e.g., identification of individual genes up- or down- regulated, basic
biological meaning applied to the test compound of interest). In the absence of a basic
level of analysis by the Sponsor, microarray data are extremely difficult to interpret and
require extensive time commitment on the part of the Agency. Individual genes up or
down regulated, when viewed in isolation without context, have little or no value. Thus,
it is recommended that microarray data submitted in the absence of a basic level of
interpretation should be disregarded. Since exploratory, research pharmacogenomic data
are not evaluated in the context of other gene expression results, these types of data are
misleading and should have no regulatory impact. Furthermore, their voluntary
submission is likely to confuse rather than educate the IPRG to the value of the approach.

B. Probable Valid Biomarker

Defining a biomarker as a probable valid biomarker based on gene expression results
requires an appropriate study design and internal validation that includes an assessment
of specificity and sensitivity. Specifically, the test set must include a sufficient number
of positive controls (e.g., at least 5) for the experimentally defined end point the
biomarker is predicting. Equally as important, a sufficient number of negative controls
(e.g., at least 10) should be included. When deriving biomarkers of toxicity, it is
desirable to include negative compounds that are pharmacologically related to the
positive compounds, but lack the toxicity. This will ensure that the biomarkers are not
indicative of a unique pharmacology and will be generalizable to other compound classes
inducing the toxicity. A valid analysis should be performed with a minimum dataset of at
least 15 compounds representing 50 experiments (i.e. dose-time-combinations). More
compounds may be necessary to achieve a suitable level of accuracy, depending on the
end point being predicted.

To achieve the status of probable valid biomarker, the complete dataset, including all
positive and negative control data, need to be submitted to the Agency in a format
suitable for duplication of the derivation of the probable valid biomarker in question.
The specific mathematical method used to derive and test the biomarker should be
detailed and presented. For purposes of valid biomarker performance evaluation and
validation, stringent testing of the performance should be assessed. One commonly
accepted example is using a “jackknife procedure” whereby a model is trained with a
random selection of 60% of the data set, and the derived biomarker is tested on the

-210-



remaining 40%. Multiple iterations (>=20) of training and teSting should be performed to
estimate biomarker performance.

The performance of the valid biomarker should be assessed by testing its accuracy in
identifying true positives and true negatives in the dataset compared to its error rate in
identifying false positives and false negatives. The performance is expressed as a log
odds score. (“L0OS”) as shown below. The minimum LOS for a probable known valid
biomarker should be at least 4.0, which corresponds to approximately 50 correct calls for
1 incorrect call.

_ (TP + 0.5) (TN + 0.5)
LOS =In [(FP +0.5) (FN + 0.5)]

These basic study design principles build a foundation for subsequent public critique of
the biomarker and facilitate its elevation to a known valid biomarker.

Development of probable valid biomarkers can be performed as part of a regulatory
toxicology study (e.g., GLP compliant), yet should be considered exempt from GLP
requirements. For example, microarray analysis done to mechanistically characterize
high dose effects of test compound in a 90-day GLP toxicology study is performed, but
the process of generating the array data is not included in the GLP guidance.

These basic study design principles build a foundation for subsequent public critique of
the biomarker and facilitate its acceptance as a known valid biomarker.

C. Known Valid Biomarkers

It is recommended that to achieve the status of a known valid biomarker, the biomarker
be scrutinized and publicly accepted as a surrogate marker of the predicted biological
endpoint. It is proposed, for example, that a probable valid biomarker generated by one
company be placed into the public domain for validation of its performance.
Alternatively, an expert working group, e.g., the IPRG with the appropriate composition
and/or support, could test or supervise the objective testing of the performance of a
probable known valid biomarker. In either case a body will be required to judge the
status of a biomarker in order for known valid biomarker to gain Agency acceptance.
The validation of a known valid biomarker involves prospective testing of performance,
although retrospective testing of samples generated independently from the initial study
would also suffice.

Conclusion
Microarray data, like any toxicological and pathological data, need the perspective of

experience in order to draw meaningful conclusions. In traditional toxicology studies
evaluating a test compound, clinical pathology and histopathology findings are
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interpreted relative to an extensive knowledge base of historical data collected over the
past century available in the primary literature and the collective experience base of drug
discovery-focused toxicologists. It is our recommendation that with microarray data
submitted to the Agency, the FDA should conduct their own analyses and collect these
data over time to develop an internal FDA database of Sponsor microarray data. It is our
experience that a large reference database is necessary to judge the quality and
comparability of new types of experimental data, and to retrospectively validate proposed
biomarkers.

One of the greatest concerns from a Sponsors point of view is the potential for expression
data to be interpreted negatively, and raise unsubstantiated red flags about the safety of a
compound. However, when expression changes can be placed in context of known valid
biomarkers, transcriptional changes can be readily understood and accepted as part of risk
assessment. Indeed, when known valid biomarkers are available at the gene expression
level, it will become possible to submit the response of biomarker genes only, rather than
submitting all genes on the microarray.

Transcriptional analysis has matured rapidly over the last few years driven, in part, by the
realization of its potential to improve the quality of therapeutics on the market while
reducing the cost to the healthcare system of discovering and bringing them to the patient.
The approach is clearly here to stay. Some of the resistance to adopting the approach is
due a lack of familiarity in certain circles with the progress that has been made on study
design, data integrity, quality control, and data interpretation. In fact the field is ready
today to contribute concretely to improving the efficiencies and quality in drug evaluation
and approval.
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—FDOAHOREME FIAITEE)., ENTBICEEL2RIFTERE ZOERS
ROKZE, BEMEHBLICEENTEIZRD S, RBBICMHLEE RS
Ash2sBERICHANIBES N 2HoEHITODWTO, BEMAEYERRS
HRICEDBONSEREEABERBICED B0, FRmE. B b S5k,
BREOE DN, MITOFIEZ EORBRSFEZEICSHEL TR 520,
SEFENL, OB, MBENOEYE, R5BE. EHUEEEZER LT
VhoZU B &%, EMREREEEROEMIZOWTILERIZEET2
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ENERTHDH, BREBILSFAYESLPEZLBITATSI L R > &k
KEMMPRENE S NIGE, EYRE-RISRBOIEMITRILD, 51T,
BERREMEIRRN S A—F 1, )Eh%ﬁmﬁﬁﬁ\b’e%%ﬁﬁ%@ﬁ%ﬁiﬁgﬁ
ZEET DA THEERICFIAT B LN TES.

6.3. Pharmacokinetics/Pharmacodynamics 3% (PK/PD E5%)

TRERBKIT L B IR R IR DBR BE & A R PRI B 1T B EE S D BE L BR L -S1 CHEIT5
PK/PD REREFEMITHILiE, ARRICEREAREICELZ., A -ARLEDRE,
R ST A EROSOMICHEE T D ERIEE RWET L TH A Thd, PK/PD
HERE 35101, e - RO MR SIEAIC B W TEYRELLLICE
R (B0 REA M, ZORBT U RRA M LTERZIEECRIER O
BRI N R IR R AR 25§, ZOBR, T BAREELDLLENH
RirZébdd, 2B, KRBV FRAVMNEOZURRA P EOBBEEIZ W THE
EIZEERTD,

KM ph SHERLUABRBIEMENE (2S5 —2E) KL THFEEL
TEHEZHETHED. EARMICRZEL THOESREEZTIIRBOMNNDE
BREDISIT, MPEERSEEENETLTE LBV EEL SNDHR
BIZOWTI PRK/PD BFICEETH 5,

6.4. SFERKREBRT —F ORI ANLZRN T 2RO EHTHRALR

R ENTERBROT Y EEERERT ¥ NNy 5 —JIBEAD DD TH
5. CORBRBBERLEBEOBARAATERBEINDN, HAEBEOHEAEF
CERALEDBNAEEOREAATIT>TERERW, EYIEIIE: UTAHEE
B> THEEEhSH AREERICE>THEREZITADT. HEE
EOBEANDOEYBBENIESRHEETELT—YE2B27:-DI213. BET S
BEHENEZ SNAARMER BAE, 25k E) KOWTHRLBRFLEL
TAzsRY, HEBEEEREAEFOHERALL DWW TITON S REHEERE
WEBRBROME. ToEYOWEY - LFEHEH. ThETIESNTL
Lyt FOoRYRERINIBEROEBLZEEZEHL T, M
TEZETICENL, Hmashiahdisiin, BAREERRBENERD
HAEARDWTHEHYREREYHRERBREZT L., TORFZEABAIIDOVTO
IR ERMERE R R OB L gL, AEF— 5 OAFEDOEIRENE 2 e h ik & 1
BOMENSHERT S, TOBRRTYA . RBhEk NEhFkin Nk
TELIIRPEETDENKRYTES,

7. R &

RYBEEAAT & & DITREHBIT 21T 5. BRYMDEBEINCSco T, EYH
BETNERVRVRITERIZ, EFNVERAVWERTEZEET LI EREES
TH5, KB OEBICERICH o> T, TERERO 720 OHEHHIE
H1(1998)) DFFFICAID . FEtINE, 5 OZSENRETH 5. D &dbE
MO ERRER SRR T 5. BT IR HEEI
T H5ELTHRN,
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7.1. BERERRT

RENRENSHBARETE., +ToRMEREARERRL. EFIVICEFL
BRNEATIRIC L D, M RE-FHEE TER (AUC), ZUT7 5 2A, BEM
FIMEE (Cmax). REMFPBE (Cmin). REAFBEBEHM (tmax). &
HRBAGEE (V). FORERE (MRT). £ () SERH3, X
S5IZ, AXNR—PAFETFNFCEISETNVENEFB TS E, ELEY
BHBNT A—F A, BEEK, FHEETUVY, Vd,, VA ITET 2158555
N5, BHUlENcmPRE-REESZERL S 2EFNVERET ST L.
HARPREEOBNIZ LS MPREOREEFHL., S TENRERICE
AT BLET, . PKPDENIANRREEBZ LTHEHTH S,

7.2. MEHRIT &
BEYBEORBMER R S 7BRREZEWTES., BAROF—& 24
WL, BEYBEBIUCEPTENS A—FOLEH 2L, BYicERTS,
TRETF-INBERRTIE. RBRFYA 28R U AEBY R firken
ANCRL, CNZAWTEYBEBIOREDEENS XA—F DX, 28 (7
RSN ECHBLUVEEASBZELENTS). EHEEBS T2, £
7o. BPREBIVENHENS A2 E0XELRTHITOVWTIEEFONH
Z2EZEL. BEZBRUTHESER EOTREHETW., #5T5, b, =
NOEATOIRM & U RBHRRET ), MBS A—F 2 EOHEEHIE.
BIZAWEY 727 Rvir—2), BTFNEREE TEEAROBET—
FORDFNITOWTHET B,

8. EWYENEBEROFNME ML
8.1 FEITREROFEH .

ERRIEY BRI O RO DHRBOBERSGELEMTADIC, 7, Eohr
TR RSN EA R ICE DR R EEE CHEETAN LR HER D AT
HEETHILENNETHD, Tz, DA EMTERERO— R IEERER (Blkay A
RE R ORLHEEIRER) COEARARELHERRIC T A SRR Moy
AXRTATAT —ZEDOBERELRL, BHCRMERRBRLOBMGIZ WL
T3,

BRERPBREHHEOBIE CHERENRNBIERIIE THEIESITIL. F0
BEEEETL, EVBBTTARRWEI Iz —2a O R EREERE L
EHEAITH, ZOBHICOVTOZEERLETHS,

IR ESBRRAR TCHONHREDIITIVR, SHEEMEEEL, 5%
FEOWTIThhAEERRBICRITZEECOXMB 5 EEEREt3, ¥, BIZfT
LN BRERRRIEBTIREHERIUCHE RO UM EER T, BRETCOHEKN
BRI oW, Lo RIMOEES DR VR EZL ., U BT 3,

EUBIC BN THERLRESHEORERHIRESITE. BERERBIVERE
HEEENOLOBRIIGLTERE TANEROF IOV THRET S, ¥/, JEE
FREGEERBRER LM OBV AEERARBEOTHRELEOBKN S
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FEXERL, LEIECTRAEICFAER ISV IIERAZERI L TR
50

SRBRT— & O AN L TR, EMERIcST 3 BENOENDE
2®EfT5.

8.2. ATHROME L Biiait

RREGEHERROBRIIREBICE DD, £, FEERcEIVWE
RENRESEFEENERBEEA~NORENRBICTOVWTIR, it s5—%
EEDIRMNTECERTHCEEICED., BEABHRZREZTS.

9. ZTOM, TREBEOFEHRNE

FRERETHRONZE®RIT. BoNANKRERATORETHSED, HEE
OFER|INBIIEETH . SIS, EVEROSHNENER LRSS
BEZ 30N D DD, BREB T OEERE2EBTEI LI HEELR
WKDWTH,. TDM %%EU THANEROLENIES 21582 HIRE bRk
WCNEET B,

F—————————— ROREShEEDBEERBICAZEIS
GCP(Good Clinical Practice) —— [ER DO EEERER DR DI HE

GLP (Good Laboratory Practice) ——EIFOL2MEIZBT2IERBERRERDEN
DI

ICH(International Conference on Harmonization of Technical Requirements for
Registration of Pharmaceuticals for Human Use) — — ——
— H¥ EU EXSHSPANELAE CNIERRAORE
HEETER O N— =¥ — L al DEERIINB-DICH ¥
EU ZHOEERLARETRBELICHER FicLoias:
ShicERSE

PK (Pharmacokinetics) — — — [ ZEMEIRREE ), M ORIUR, 4346, FCR, SR iz
A5+ B, MOV AR—Z—S L, RN
LENBEAER T OFEM T, EMNCB WL ELL TEDER B
#“OMPRECHERE, 2B, SESEE R SHZRENT
AV

PD (Pharmacodynamics) — — — [E A %), fMRIZ O LU CYEBRALIZREL - 2

PEGOBWELZEMURBEERL R TERELMET
50
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TDM (Therapeutic drug monitoring) ———ZEMTEREORSIZM PIBEFZRIE T3
SILROE e 5 BERETHI L, LR 2SR
FRLAEERDZILITED, IBERGIOn L2332, B
LU oL T U RADER P BIRZEEIC AV LIS,
BHEY TR 726 ED,

(&8) 7T 5 A———EHOERNHLHE L TIHE L, BAERS I ERNM
' bR EENABEOEWE & AR (— Rz iR) o
KU, bULi, WEEE=CLX ik LLT
RUILEOWHIEL(CL), FHiE. Bl RENC X588
SITNENIFZIT TR BIITIVAR BEIUOREIZY

T ALEENS,

FRIZHE (Linearity) — — ZRMBhBRIZ B4 B BE (B2 0T, RIHEEE , (ABhEE 2 ) A8
REEIIFIT BB S TR REN, Ei, IEHIT
RETORYERICET AR EBRIRE THEES. ik
NEBI BRGNS H R LV, Z e, mMHP#EE. AUC,
Cmax 72E IR ERICHH T2, 1L, B 58, Hiy
KINOOEDER T A—2FEZ LY, ThbDEHEE o
v hL7edE, BRI RS2 EAEREs, Fio, W
BI5GB RTA—Z (P, 2V TSR i,
MRT Z28) B SR —E L5,

RPRER —————— BESNAEBRERISHT 2RISR E bk
BE, 2B, HRERICTIRICHES IR Tk ik s
TOEHEYOBBROEEGERTIEbHY, HHEZKIL
TRETDIIEBLETHD,

¥R —-——————— MR EE DS AT AW BT 5

BRI BRAR — — —R—OERFITHL THEIR RS> TH 7Y 73S
METTORESROIED TSR, H x OWHRF OE Yy
7RG A—ERRDOEND,

DA~ ————— EENTORYOHFHORELTRIER EOEM,

- RNEDBE=SMER X LPRE OBERDS,
Vi Vdg, Vd BN E L = A MDAy R 5T
BRMLROIHMER., BERE ) pmEMERT,

FETHER— — — - BFEIHHESW 2R E B IR RO R Eah =
BREEITHTIEE
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NAZEEE— — — — R FOSAMXEREISH LU EMBIRE T A2 DR ERE,
LRSI S A—F OB SHREEL., B2 O
BRENLELN M F I EEZMRL T, YZEREIE
IIBEMENIR T AR EEHEETD, ZOFEFHAVDE,
18 2 DWEREDLE D LRORIEALMELR V&I
WCHEHERE OEMBHEE T A—Z B IO PRE -
EHEBEHEE TOIENTELD, BICEEIC BT RS
TR AR T AR A THh5, TODMEEIZE VT, I
iR ERECESSENR SR FHEBRBEERAS LT
B

BEMEMRIERBE - — —RECBAREYREF RGBT AFA—%
OEBE T LU TEDREOREIMNER L ET /b T52
Lz, EAORBECHEMEERZ LOEBEH S EE
FRICATTHERBRESDRTTAVIESW T 1

VTN RNT T RI Y= — = —REREOEFTREBIZEBWT,
B2 OFBRENCINT 7 RE (R ESEHATOREMLFRE) %
1ESoHIET 5, EREENEL, Hilmigse. oz
IS D ofAERNTEIR/pESWEE, Exbhi-BEICE
A PBEOSFE I RBILENTED, TBRERHE
BEHREADOT —FEIFTERTIILEY, BFEhiaRE
EEREHEE CEAEERHSH, Ll EHBEDIRA=Y
TSAT ARETFENTWAZEBFIHREETHY , #RER
EOEREICLEKETIN, Dl bR M AT 2 EOEE R
REERTAINERDD, ZOLR1ANEEIIN 7 E
AIBICIRETRET, #FRR SR — IR EDRIE
WWHAWBERE T, KERFLERICHH TELEE
THDHN, T —FET LOBRBAESHY, i Hbo&xbK&L{AS
Tk, FRBITIIHER R, ERNCHRBRER o
HIF B KEL, AETRITHE L R EHEL ZH &
WA ORIZ, RAShARABRT VAL THD,

TNF TN TG T RI Y=o~ — — FEEFEOEEREBIZEBNT,
{8« O BRE PO 7R E AR (2B B R) Bl E T3,
TN NTFT AT =TS A CIE—E AR
TAMAPREOESENFER X, HIEDEEEEEDS
TERTED, EEOELSEEEEEET LEERNTRL
W GEETE, APEEMLBEETRLOBHEMERT
M dZLBHEETHD, RWEDBROCEEERFEEDT —
FEHETHEERTAILCIY, FGENREGEEEHEET
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EBEEBHD, BONIEVBIIEFA—2T, 2T 5
A THY ., BEAEES O I FFRBIE SR EF A%
BB, FESTIZIT L OREFISE REEL, BRI 5
2THLUIZE AL OBWBRENL N 7R EZHIETAIE
ZREAIET D, BRIICERL T, #BREORE 2 IS547
VARTERT D,

s A==~ — Full population PK sampling

design %7213 full pharmacokinetic screen & HIEIEN
B, AETHE, M 7REREORBICEEEY. £5
BOT I ERFMFCROLZIT D, Rk, e o
BEMNSERDE GHEE. 2~6ERE) EHETAH. 1
EHRLOBRBREEZOBIICEDDZENTES, 2D
HTERAE DS Bz » RIS S N O s b
BEF—YE22THETERN TR EICLD, HREH
BT 2LUZEREORENENEERERIES NS,
RETHLNET Y 2 BB EASYETT IV THRIT
T5E, DUTIADORILETEL DEYBERINS A
—ZBREENZ, HREFOBAZLZ SR THREY
7t EREB S CEERNEZ2FMETE S, HREOE
RS THIBRELEFCB T2 EYTHROTFMED
PK/PD AT A L TRLUAERBRTYAC 2 ThH 5.,
FETH, BRIZEMTAHETHULIRIZEAEDOHER
BEMEELTHIEHMEATHS. BmIZEBEL T, #%
BEOHRRBI IS4 T ADRKRE, RAMABEY
BN OEERDENHRETH S,
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