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REERTEIENEETH D, T-. M & 5.
IRENEZSHEAR, RRESE. AETREZEBELCTCEET
5OICHEYGREMBREERTRETH S,

21)

HRa ol ER

HMEOHMEIREEEICETP2EELERTHDH. FEMH
ELTHERBHRZEAL. REMRICOEFELETE
A7 558, REERKICEFNHGMAEBICE, UTOLOM
EAbhd,

O FEIERFMAE

@ BAMRE (FE#MHHLSONEEETRICHRE)

@ EEBEME. f2EEii
FEREMEICONTIE, LEEDMEFHIER. £1EFH
1R, BEFREE. fREFHNERE Vo, BERHRE
ERENICHENT SV —H—ZRAVTAET 5. BANE
ESNHMBICOVWTIE, BYLHERERAVTHET S
& BIERICEEGREEREVEH I EESEMARIC
DT, HEHERE LTEET SDERBETH D=0
AEBRMBRAZAVEFERARICEVNT, SIZERES
. MEXRI AR, RETEBVICETLHES
A REEAERF CTREB M RIC DLW TIREI T 5 Z &,

14)

&
o

estBR

FiAE. U 2Bk, BEfnTREMIETOMOMIEE. BREK
fE A BB IEHEMEIZR C T, invitro SHER X (ZRERS) W % A
LMz in vivo BERA SEUI L SNEESRBRDEREEE T NS
BELHD. HlAIE. RRERDVELET HRE TS FhHA
V. BREFEQAEEEMERUVHBEAT R Y I AD
FEHEENEZ 5D,
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BAERBEIES-HREET-O. TOURERET
BEBHICUTORICEELTHARERZRA T OILE
BHd, MEEERETEET HBEITIE, RERICMHE
A7 2R TEHEREFR. REREFFCOVT, BiE
TETERAT IEMHEEFKICEYICERT S L, £
f=. ERFSRETEET SIEANMERFLRAKTH S,
HEMREHDVIEHBEREICL T, ARREREZROO
DEVGREME. REFHEXTEERENET STHEMN
BAH50. WasltBYGHEAEHEERE L. AK
FHERI D&

FEEHMBRURH JEMRBMEOERBESHEIZONTIX, UTOHA KSA4 >
UROLWEEY | grsmiyaos. ‘

- 1S010993-1

- JIS T 0993-1 X (¥ ASTM F 748-04

-EEAEOEE (WA AREHRBIIVLELGEYENTSE
HHBORRNEZAICDONT (BEEHRE 0213001 5,
ERR15%F2 A 138)

- EYENREHHRBOERNEZFICEAT H55EFEHIC
DT (EEMIEERE No.36, R 15E3 B 19 H)
SIRE, WETHAEATWDIDTEIRIZHI-> TIFEFIRE
EEO)

19) BidpiFis o, BEERICAVL LN Al - BEMBOF M T2, £ 10 E, p209-217, &
— I LP—HKR (2007)

20) £ b (EfE) AHERMEENIEESRFORERVREHOERICET 5158 (B)

21) Dominici M. et. al., Cytotherapy, 8, 315-317 (2006)
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B REEEOFEAZN)T—23avITD0T

mEEEICAWVAFHEAEE. TAEN)T—2a VBT 5 TXFX ~ (ERIER) 12DV TY
RO IQEN)T—2a VICETSTFR b (REAER) 12O0T) (FRIF10A28H, E
FFEE 338 B) . XIL Guidance for Industry = Bioanalytical Method Validation (FDA, 2001)& % 5%
2. MBS ZDRLUMZTIERTHIIENEETHSHH., HlAZAVV-HEDEEIEX. NYT—F
TELRWEBLHAELICBEIREZTTHS, HIZE. HEBOBEICENT., BEMOMBAEE
THEIN-BERKEVSLOEFFELGV O, EEZHAZLEFTELGL, HEEDKRETIC
HULTIE, Tl GEAHR) OAFEICHI-> TEMHERXILGEANEE ShHMECHENLR
EBERZEVICERTILENH S, MEHRDOBZEE. LWh AHRAEIZ & U BB & RS
falDHPEMGRBABEZRI LI HY . MBS EAMBZRMEICH (T4 LITHE
THDIBELFHRRICTHE L TIE. EE PCRET mRNA DEEMNARETIEH S48, MHfaA S D mRNA
DOHHPHFEERIGOMEZTFHET SN L VO, EEHICERT ABRTTFENLETH
%, RN EET SN T L) v I RO A FhA VFEQEEEEMEICDULNT ELISA ED A
EENELINTWSEEE, AIREGHETREAZDON)T—2a Vel ENEETH D,

(5E] HwENIT— 3 DERKIER
BE (Accuracy)
F&E (Precision)
BHTHEE  (Repeatability)
ENHBMEE (Intermediate Precision)
R (Specificity)
RHBRS (Detection Limit)
FTEZPEFHR (Quantitation Limit)
B (Linearity)
#iBH (Range)
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XRAREAA R4 Y (REEE) REICOVTOHEHRA

(1) TEREEE] O scopelZDWLT
WE. T4 FS14eTEDHEIME LT,
O HEMEZAVTEEREZHET SO (BR)
Q@ MERBHRELZEBICLI>THEMBICHMEZEET L0 (BR)
@ HERFHEZEEHERICHLFELTICERTLSILO (BR - AfE)
ZRELE (BOIXDOVWTIKEGRFEAIZLSIHEIZTOVTHHEE), T scope ITIFA AL
fire LT, REEEMITEIED ES, iPSHIEZRAWN-AENEZ 0N, REREHEBIEIC
D2LWTIEOE TE b (FfE) HRMAECHEBZENT L-EXRRXIIERERFIORERUVREHE
DFERIZDONTY (EBFEE 0912006 5) 2o LEHLE S ETEFBIEIAIREEER 5N DM,
AHA RFSAVICBYRALCBELNHNIL, SHEORITFELT S,
ES. iPSHRIZDWTIEARAS RSA1 v ORENEEZ D,

Q) DAL R4V EDEEHRICDONT
HBRICDOLWTIK, TR EERMKFTMIEE BEHZ%E) ). Te b (B2) BE#EOHEB%E
MILEEESXIERHBIORERUVREHORERIZOVTI, TE + (RAfE) BEMELHE
BENMIL-EERXIEEEBORERVLEEOERICONTI E0HA FSM4 0258
L CE&E L1z, FHEIEAZE. BIEAZRICOVTIE, TRROAREEZRTIEET,. AHEHDIEIRX b
[CHELTEEICAETEDSAHE] #REICEL,

(3) & (REE) ~DOFEEITDLT
@ IREEE] O scope [CDUVT, thDHMEY —XDATREME,
Q@ IREEHE] OhTIE. BAMNGRERE - 2ZEH - XREZRESEILENH D,
@ JFEERERERER. BRREEB DUV LVWS AL L, EQLSILGHEEEZRAVLILEREEE, ¥
BRERAER. BRERREBROM C—E LIHMENAIREL AN E VWS BRI EETH S,
@ RBRMIZ TEWOTWHAS RS2 12T 51012, MEECEHEREICELT, EDLS
BHRBEERTDILELNHLIN. LWH D TERRIICEFLHDIIENTENITEENTH S,
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FRAA F54 > (GEERRRETH) FHZ=E

1. FARR9ET(HE
RREMBAR. BYSHRTBERICEVGHARZELER LARMER. HHVEEOEAICEN
THliT A &, RBHEAED 1 DELT, TORWNASHFIZLDEELREZHET 5.

FHMAER (RERRMBADISE)

KRB OREAZEE  (Fissure - Fibrillation DFEE & Sa[H)

FHEIEE (BiERORMEFAEEBOESS) -

BiEEOE G - FEMABOKRMEAEE (Fissure - Fibrillation DFEE & &iFH)
BiEROR G L AEMEBO RN

BisROR M & FEBR S DERE
TA—EVJFICLHBEROBMMDOES L EAEMBB~OEEN

KB EREDEEFIIH L T, Indian ink [(CKHEBFEZRALNIL, BIEEEERS(C Indian ink
NEEL. FEEORELDERMPHLNEL D, S 5IZ, Indian ink (FERE T EICIEER LA
1=, BERELHEL LD, Lb&Y ., ARMEFEZITS LT, Indianink IC&K DEBFEIEE
NTHD. LHL. D FEYFHBTOREREBTFCEELSZALTHEELHY. 545
BREZTOHEF. Indianink ICKDEBFEEEHITHIZEAEFLL,

RIBRRIEE(f D X 27 & L T. International Cartilage Repair Society Macroscopic Assessment Score & %
FALT., FEEMIFEIT S ENEBZAONINZHEICOVNTHEFZEITSI 2 &,

2. #RfES 5T
RRHAGEAR, BIYVHRBRTREZICEYSHRER AR L FARBEE. HEHLNEFOmMAIZE L
T s &,

HEEEEIE. K<HERINTD 10%") VEEERILT ) VE#ET D,

(% 10~20%BRMEARIL <) o BERILT ) > Lillie DEFEARILT Y > (FRILT ) D REE 100ml+
FE—) BT R DL 44g+EZ) VUEEF M )0 L 258g (TERBKEMAT 1000ml £F D) F
x?)

(FABEEDHMEEHRT 2NE SN ?)

(ZDOM/IZTHIVLTILTE R, JILA—LTILTE RFEIL?)

BRIRDNEAIGE . 10%EDTA (ethylenediaminetetraacetic acid) & L  [£ 5% FEZFFERTHZ LN
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EF LV, BRRER&RIE 1EMIC 1 RRRERRET S &,
MenAHE T30 )7 ORRBERER 5% M) 0 —LEFERKERS)
(BRIRDHABERATT 2N ESM7?)

BIBIZIEINS T4 VERWSZE, BAKFIELTTILO—IILEFERAL, EfFIELTYOO0T 4
WL, XLV, BEEHEOXF L LUREBEREZFEFRIT I L,

BUYBEOARIE. RRAGOBESHHEREICHAIGT 2EICH LTEEARICESESIEIRT S
&
(RIKRME. BIEE@AICDOVWTIE?EBRFEMN?)

BEXI VO M —LFLEFEEGEXZT IO —LZAVNT, SBLEABNOBENZITS> 2L, &Y
URDEMAE 1~2um (EICHIBBEGOEHR) 5 S~6um (FEEHOERZ) NEFLLY,

HBRAEEICE, M - BB MOBEDEHEICHL 55 Hematoxylin-cosin F&IEN . BE
HEBEDOERITAL 51D SafraninO * Alcian blue = Toluidine blue * Ruthenium red * Acridine Orange *
The carbocyanine dye (Stains-all) = Cuprolinic (cupromeronic) blue £E;EMN, AS—F UM ELD D
Picrosirius red %2 Goldner’s Trichrome &AM, FHET I FEMARLBESETERBIT HRE
REENHD, T, BAEBEMBZRAVWTERBURN IS —T UIRHOETEZEHET LS L
NTED, CNoDEBENLCBEBDAEEERL T, FHETEHZEMNEFLLY,
$EEMHEHEAEE LT, O’ Driscoll score (1986) * Pineda score * Wakitani score * ICRS II Visual
Histological Assessment Scale = Os Score * O’Driscoll score (2001) * Bern score ZDFEALEE SN D
A, TOREEITOVTHIMEEFT B &,

(L5DLEBEZREIARNEN?)

CEEYIRIZDOLTIE?)

D -HDEEE LT,

ERESKOEHNA - REMK - Y4 XFITOVT, FEBEROES L FEBR EDERMLEORES
HIZCDONWTERT AL RBBEAZED 1 DELT. TOFNAATHICLDIBEERHEEHET D,
MBUROTLNS— b LEZENETOINRFT Y=V LIZEBRE T S54 0 FEGTERE
THIE

e B ERHEORREER T 5 2~3 BOFEEICLY IS/ 0 FEHETHEST S &,
XEEMHAEFEMAEE L T, ICRS Macroscopic Cartilage Assessment Score %2 Outerbridge
Classification FDFEHAEL. TOREMEICOVWTERE LGN L, BEFTHI &,

FAHiEE (RERHEABAEDSE) (BEROHG EARBBOESR)
HREADEE

MiEORRE (Bl F|EMEE RMEFERES)
HERBICEIT2HBREEDEE - BE

16



HEEBEDOIE - NS4S UnHKR (REZEZFICLD)
HEEBEOITOTAT ) AL ORFIKR
AS—HSULUNOEREOL KRR (7747 ORI F - THRA D UHF)

PAE R

HBFTMDO A7 ELTICRS-II RA7 + O'Driscoll Q7 + Wakitani Aa7EFFHET S &
NEZBND,

FHEIER (BiERORMEFAEEBOIES) -
HR BT B RO FT
BEROB R EFEMBEBOREDOFEEM  (smooth and intact)
BERORMEFAFEBBEDOHEE (or EfiM)
BERABOES
BEEBORY 2 — L4
EBEFOTOTAT ) hoRBEEEOEE
EEHRO I EaS—7UFBEEDOEE
EEPONEIS -7 UEABEBORE
EEHFOaT—7o07HKRE (RABEMEICLSD)
HETEDHEE
HETEEROFE

FAEfER &

ICRS-II

HRRR R
HEEEOREMH
plibiArs

HEMREOY 5 RAE—HEK
REDEE
EREHOERMSE

Tidemark )% FX
HETEDER (BHOKRHILE)
RAE RIS

EERKIL (Fib)
EEABOnERLE

FAEf 8k B 2k [B 5T A

A & &R & P ] 8 5Tl

Eapi G = g =i

#AE
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3. LA

CAFLYTIL—DOMBYEIZEE T )Y/ ) AU GAGOENDEENHRE NS (BRME
FEICEAL TIE 2009 FLERE SN -BEERRNTERLEEZERSTOHRESELZSROI L),
F. ALK HBEEZZRAV S —YUEDEELEE. EETIENEELL, 2L
BEHEBORMIBEZESILOTHY. £IEZMNFFMEILATIEEL, BBICLEDDIREL
EZB,

4. BFEYFHFTE

HEFENGESET SOX9 & . HEHMaDMaNEET % 1— F9 5 COL2A1 & Aggrecan NEE
El D, EEEHEOEHIEDIEEL 45 COLIAL o, IBREHBMAEADIEIZE L 425 Coll0A] DF
EMNEVAELY S EERT S EMNEF LY, FHEAIXEEM real-time PCREMNEREESW DL, 112
LBEAHREORRIBELZHESILOTHY . D FEMFEMTMILETELEL. BFBIZLELEDD
RELEEZD,

5. J1F I

FERBEERBERES LSICHFREL. BEARBICEVLWTHEXR - BRI - BEE Lo
BN-NFHREZETHEBTHS, LEN-T, BERENERRE LAFONERHEZER
LA Ziflis 5 EFEETHD, LOLEAL, NEHRIYSEONIBERETOMIMEE,
WREQBHBEMBBORE S, BEER, HBRAEOHREGITERET -OEMMTREEEZ
BETDHEIFHLLY,

EHEERIC & o THERA, IBHEBAR, BEPRESEL LSO, TR ENOBEHRICE W THRBELR S
EFHEHBREBITL., FRLE-BERBONEHRIUZIEELEHELTECLEBIC, RELE
mE TOBERAORAFICAVND ZEAEFTLLY,

FEERRRH T ERBE T O NEHBRTIIH EHH . TOFMARICIIBIEEZEE L TIHERENTH S C
ERROOENED, CCTHEENICBERFICHEL LLFEMEER S ETTONENE
MZEFET 2 AEICOVTRERT B,
HEREOMBEMEREETES 5=0I12F, AEAEL L TEIEBMEEENESBEL TS,
EMEARDEEE LTORMEZRIRT 2BMFE SR B | ML L TORMEERRT Si8KHER
E”, BERIRMEZRTBRIEE and [C&k > T, BAREFOMEEFIEOFMATETH D, hEF
AREVFONIBERBOYMEIL. HRELGCLIBERBFORES, BEHEEK, HBREMHF(TK
B -G EEEEREITAIERELVCLEZZERIRNETH D,

5.1 BAETERE DOREEIERE

BIREBI KDICHEELTLWHHEMEREIL. EBICLL58TEIHMSE. BEKIZE O AL
EEERAIREE LTS, MEMBICEVWTHREMBOLEDSENGERWATICTET . KA X
AS—FUBRKETOTA I VA ETHERENTLWSHRNEETH S, TATAHT YAV
HEERNKPO—BMERFLELRKETIS S UREORY FT—IRNICHEEL. TOTFIT A
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U—AZ—HFoRy FI—UEBBELTWS, TATHIT ) AVIEEEICHEKEAS . REH
BOK 10%EKATHD. =, BKEOEVWTOTA T Hh U OREN I T —7 UiRHEDEE
BEICEI-THIRSh, BEREEIEVRAIEZRREL TV S, BEREICHESERTIND LK
SORBABTOBBORANDBHNE L. BEEHRB THBITHEEEESHZTY, T,
REDKDDRBIC& > TISHBENEBEHZTT &S GEBREICEZNGTVTAESZHR.
ZRRADIGERFVTHEEICH L TELT 5& S GARBEKEFLEETT . COK S BERKIK
FHEF - -EHMEOMEMEREEZTE T S ICEEMEEERNENBENTHIEEZ NS,

5.2 BpROFETEIERIE D RE

B AOAREME B E DEMIE. MNEER TICEWTHESRENTEDLZETHD, LEADT
BAEZREONWFHEEEDOFHEICHS T, BIRMEMSRETHEBEZWIET 5 LG CRENFIRET
HdLEEZOND, F-. RBOARBERZRFZICERTHCENTE, EREITHERED
ENRALE MR OFMENTTRETH D,
FAHSREFIAREEICSVTRYRLEBARAOREZZ(T. WEXFLHERIRE LV >71=%
BEE->TWS, LEAS>T, BERBOTMEXIFUES L UEBRINMEZFHET 57012, EfE
AROBMHEEFEZ M T 5, HEEKRICEXRRRBIZE5EZ2 258, BHIRIEZ o0, 0T H
RIE%E . RIMEEZ S ETHE. WHIRIBEVITARBLEDOEAREE 1 DL 512445, EEHEME
ADBE., IEHEVTHALBIL, EZXEEAITHLTOTANENG L (HEE A0 E) I
BESND, BEEMEARDIEE. BRAEVOTHEEMNLAFIL, BAHITHL 90 EENTULT AHE
ExNnd, EHRBOL S GHEEAKICEXKRE LTRAZEZD L. BAITKHLTOTAICIE
0~90 EDEFH THRMEE S NEL B,

EH

El
B 1 BAEVY HDEEREIRT M2 HRTEEICEITAEREMEE

TR MM ZHERE. BAEVTHOBRER 2 D& S CEFREERICL>TR
BEnd, ChoDBERIEIRAXDESIZRESND,

B* =B’ +iE” =c¢/ & [Pa] * * (1)

E’=E*cosd [Pa] - (2)
E”=E*sind [Pa] - (3)
tand =E”/FE’ e (4)
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E*[XEHREME (complex modulus) EFE[EN, IEAHEVTADIRIBLLICHE T S, 5 (XEHEE
THY . i [TEBEMG=-1)TH 5, B’ [EERIEMER (dynamic modulus) F 1= (FETEE MR (storage
modulus) EFEIEN., FEMEADOE ML L TOHMEERIT S, EVIEELXEMEE (loss modulus)
EEEEN, HEEEAROMES L TORMEERIRT 5, tand [ETBKRIEHE (loss tangent) EFEIEN,
EIRIREME R L IBREMERDLE LTERINDS, tand (FERSNIZAEMIRILF—IIR L TELE
LTEEXSNEIRLFT—DEELZTTLOT, HEEADIRE (FE) RINEERL TS,

5.3 BhA9AEEIERIE
EEL-BEREOMEMRELIVESZAET 5. BEHKETD ™
BEE ERBLYBLNPEVNIENEFELL, BEHBEZRINDES

2. RBBOEMERICREL. —EQVTHETLO—FLTS E—

<. TOH%. HBABESORUNS 0%EREOVTHE, BRME ooy o
LS ERASHBIAICEX. HELEHOBEEZAET 5. BK A

HHEIE 0.1 OB+ He BEET 5. BONEBALVTHH LT Ly

RO - BRBMERE FHHE VT HORMED DIBLER

EEHT S, 3 HERAERYHT

PSR BAEEESITRAEEIVThEER SN
THDORERKIKELTELT S, FERETHERINBEREICEIY VT AHORRKIZHT S
FEOEHIGEVHSENLSGHN, HBORRICH > THRELGERLZRIBEYLGRARRICENTED
BZLRTLHETHERBEOREEZEENICFMMRIARE G5,

HBREBEDRTE LI-EMATONEN 255, BEREAKRECLDIZENH D, SHITN
SYFXDRAE LTHHVTHPVTARIBE Vo EBREHICEIET ILENH D, VT H
RIEDECERBOFHICE > TIX, BERBOERNEREEDEFIZEBAM LGOI, B
ERENELDHEENHD, Ff-. BEARBRIEBREICKY IV —TERT -0, HERZE
LTBERBEDERNEMEEDHEICERTELETOMHOTAEMATELELH D,
BFICHBETIBERBICE D TEDONEHEENIRECRLGLFREENH DHIHEECE, HEBREH
ELECREALTECRDENHDS BN D,

EoIT, BRICEVWTEBARBEDNFMHEDTMFEE LTERELTLCEDHIZE, L
[CEEMICAET 2ODNKRELRELLT D,

5.4 BIGEAFEHRRIZONT
- E#E51E& : Compressive modulus

BEREBONFHNHMZTMTIRVEELFEELE L TEREEBRLIFEIT O NS, PBS HICHE
LE-HRA%x. DREEREZAVTEFEN L TCEURE—ECEHET 5. Bon-mE—EM
H#RZIA T 5 &2 &Y Compressive modulus ZHHT 5, BEHBDER LESZHOoHT /N
S A —4A & LT Compressive modulus [FEtHE N5,

- i NEEFNELER  Equilibrium modulus
ICHENMEIF, BEHRBIZ—FUOITHEER-LE. BELEEALEREE EBITHED LTLL
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HETh5Hd, BEHABREDKSDBENIZL> T, HNEBHEBEHAEEOATHLEEEZHALTLS
FOICENDEETHD, RBRAIC—EEE52 S5 ETHREI-IGHBEEZRD., ICHTEIC
Z L1z & ZDE% Equilibrium modulus & L TR B,

6. ENEER
EREBYOBEICOVNTIE. BESHW - 99X -7 - VYD - X - J4%, RERE. i
HER., REMFOFHEICHEETILDETNTNRAVLIENEETH D, F1-RD 3 2OEH
EEETILENDH D,

- BRAREBALGETIVIENPAR T IIREHARICALS,

- BEGMRICE. ERICKRALEZHEEEZEITSLDERALS,

- REOY A XOER (FHRE) . EREML. BEFEHREAT 5,
ZTOMOREFEBELE LTI, SEMNMEEL. FEELEAIEL. RO 7 (EEA. BEE=
BT, REE) ERETIRETH D, MAKEREICHE-2BYHAEISFHHET 55, E
FCOBRKICANLYEETHD, RGN EAVTHEREDEBE - BEOHARILELT
NTULAED, BEICHRESNATVLLIEREY - EREETIHAES VSBUTERSIN, Eich
FOMNERIIL. SHEL TV SERRABRZEA C. BULERREY. RETTILEBRRL, BEK
DHLAREREZRET I LENBETH D,

(1) 78%8 -
- BWEY . REOILIE. VU T IR, EEHHR. REME O
- oYX FREOMIE. RV U—=2Y
- IR -EVYD-YX -T2 BELGHR
Q) EFRMLEMETILOLESY
- BRARBRALETIVEIVHOMRE T =X, MSHARIZFAT S,
- BELGMRICE,. ERICHRLE-EHBBEDHEFRAT 5,
- REOYA X HE. BE. BEICET HHEFEIHAES S,
s IV RRA Y MIARICHEIL > TERNISEHEZEZITS,
(3) FAIMEAFAITED
- EEEICEE L TOMEBMGERRE. BERNBEZES EENEREEZER)
ITED<,
- FEMOETIVIEBBIOMEBRELZTEHRYBSTIENAEETHY . ik,
HoMcH bW ITRIC, BEHZEET S ENTED,
(4) LB
- SHHOETICTHEH. ETILEERLEOL, 3 CICHRS ZENTARETHAIN, EREBE
KEFM 9 D RTREMSEABH B
- BHHADOETITE., BERUEDBENRELYFRATEENTES,
(5) WEDTT :
- fEEEl. BRE=AYVUY. MEaY FA—LE
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(6) AT :
- REICOE- 58RI LFHET 50, E FTOBRRIEANLYEETH D,

BRAGEYMZERVTEHEREDEE - BEOHMRANLETHOA TSN, BEICHESATWVS
REBREY - RBETUANES VOSRATERSN, RESA-ONEHRIEL. ERZEFEL TL
SERARHREEA T, BULGERRY - KBETILEZERL,. EROHLIMRBREZEEIT S
ENH D

(BMECBERN L]

BEFIIOX FOEMN L BinvitroDAR LFIERRRBRE LTO S VA L—2 3 F L) H—FIC
BLTWDEREL TV, MY TEEESHIIEOT/NES <, FHFHR (ERBECHEEETE
MR FEOBEFH2E8T) NEEZRIEFTLOWAERZOFEL LT, BLTWHEEFEAR
W FREREESECES) VY FE, SERFHEOKREZBEICERAGLEEETILEME
AN

UTICREBMEDFRERRETT

E4PFS

MIRRIEY DR, BEFHEAMMEZIIIVR, /I TIMIVRAEQOHEATETHY ., BAEHE
BTHD, Tz, REFTEYVADOFEAR. RABER. L LLEXEROMEE S VHBBESOH
ROARBRIRETH D, FLIYVRICFXEARRET 2HEXR. ZivRhF. SECERBEOELFH
EXIANHY . HEDEEGEFERREF VNV EDBRERORBAREEE - BEICEEZS
ZBMRICEDTRERAY Y bAH D, LOLEGAL, —ATHEHEMNBOH TS, BEEHERE
LBVESH, FMFRAFEEEEA DL SWEREDREER E L TIEREHTIHRRLY,

AV S

I ORALYBEHLIKREL, FAELNEETHY. IR FOEAMSGEBEL TS, REFLELULE
EFHEABAETIVICHLERTESLOBANBETILTH D, £z, v MIEBOEHETL
MTHDICKE, FELLVEMETHD, 7Y MEIFVILTERLEZRIBETILICEVLT, &
BEODRI)—=—VTDETIVELT. HBAIWLBBECT NI ADETILELTHEEHD LD
THbd., LML, v FOEEBEIFEITES, FRIIREEARLERICT/NS VO, ERMEIC
RITBAEEEN DD, SOHICHRRIERALTHHRAFELLZEFETHD, CNEEELLEHRLESE
BIRERICEIERI L. NEHOHEBEICHLES LTV SAHENELAH D, UEDLS5HET Y D
BN S, BREOBMETILICETAHBREEMTLICE. LOBMETILLEET S
ENHDd, FHBETEOBEETILELTRIDETHLILEZFAONTLDN., AIYZEHIE
TRITIEEFTELH. EEMTEGEL, LML, v MIEEEIZOENBALTLSEER
NEERFET L0, BRENGANEMEOZEEZZTLTRMEEZEET IVELNH LS. CORFE
[C&k YBAEIDIEE. BENBRITITHONTWSAEEELAH S,
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s

DY FFHEBEOHRICECAVLATEZ, ZRIFERMYFEVPTILEIX FORSITEDN
TWb, FELDMEYMERLC LS IC. BEEFEILRBROEBMICL ZHARIAETHD. BE
BEOMENTHND L SIZH>FLH). VY F(E3-AmmORENERTE S0, L<AWLD
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HRATEFROD International Cartilage Repair Society (ICRS) Recommended Guideline for Histological
Endpoints for Cartilage Repair Studies in Animal Models and Clinical Trials

Table 3. Guidelines for Histological Processing and Analyses of Repair

|. Lesion size and location

* Human: 2-mm diameter, ~|-cm deep biopsy from estimated geometric center of initial lesion, perpendicular to surface. Sample
includes bone, full-thickness repair.

* Animal: sample block includes entire defect, flanking articular cartilage, subchondral bone encompassing potential regions of bone
resorption.

2.Timing of biopsy and sample recovery

* Human biopsy: | 2-month or 24-month outcome, one biopsy per lesion. Macroscopic ICRS score.Video document and detailed
description of biopsy site.

* Animal: acute defect (0-3 days) and long-term repair: 22 months (rabbit) or =6 months (large animal), with and without treatment.
Exact endpoints can be tailored to individual studies and should provide information on the rate of implant incorporation or
degradation in the joint. Macroscopic score (whole joint). Take any biochemistry or biomechanics samples prior to tissue fixation.

3. Histoprocessing (for cartilage-bone analysis)

» Fixation in 10% normal buffered formalin or buffered 4% paraformaldehyde.

* Human: decalcify biopsies with bone for ~30 hours in 0.5 N HCI/0.1% glutaraldehyde”s or formic acid'® or ~2 weeks in 0.5 M
EDTA at 4 °C.

* Animal: decalcify ~10 days (rabbit distal femur) or weeks (large animal samples) in 0.5 N HCI (with or without 0.1% glutaralde-
hyde)‘ﬂ or longer in 10% EDTA/0.1% paraformaldehyde at 4 °C. Postdecalcification trimming step facilitates collecting at least 2
section levels per defect to take into account potential heterogeneity of repair. Postfixation after long periods of decalcification.
Trim before embed.

* For each specimen, collect serial sections from at least 2 predetermined levels (fixed distance to each other in the repair tissue).
5-pm paraffin sections (human, sheep, horse) or 8- to 10-pm cryosections (rabbit) for collagen typing. Stain 2 serial sections from
each level (for each stain).

e Tissue sections processed separately for electron microscopic analysis of matrix (optional).

4. Staining

* H&E (cartilage-bone interface, cell morphology, tidemark, abnormal calcification).

Safranin O or toluidine blue (glycosaminoglycan content).

Collagen immunostaining for collagen type | and type Il

Unstained sections (for polarized light microscopy [PLM]).

Recut and stain any torn, folded, or poorly stained sections.Verify complete set of sections (use the best section free of folds, tears).
Blind sections or digital scans prior to scoring.

*® 8 8 0

5. Evaluation methods®

* Must be performed by 2 or 3 trained and blinded observers. Blinded consensus for outlier scores.

* Determine implant presence/absence.

» Histological scoring: ICRS-Il (human, animal) or O'Driscoll (animal) that also assesses adjacent cartilage and cartilage-repair inte-
gration. Can use other scoring systems or evaluate predominant tissue type if want to compare results to literature.

* Histomorphometry: repair tissue thickness, total soft tissue volume above bone (for human biopsies where bone occupies =50%
of section width) or above the projected tidemark (for animal sections with flanking cartilage). Analysis for area % glycosamino-
glycan, % collagen type |, and % collagen type Il staining. Optional: line measurements for defect width and % cartilage-subchondral
bone integration (animal).

* PLM for collagen fibril orientation (semiquantitative scoring system).

» Optional: immunostain for specific markers of interest. Electron microscopy for cell morphology and collagen fibril diameter,
orientation. Subchondral bone structure and repair (bone volume fraction). Subchondral cyst presence/absence (animal repair).
Assess synovial histology.

i

“As our understanding of cartilage repair and chondrocyte biology improves, these recommendations may have to be modified.
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HRATEFOG Guidelines for the Design and Conduct of Clinical Studies in Knee Articular Cartilage
Repair
International Cartilage Repair Society Recommendations Based on Current Scientific Evidence and

Standards of Clinical Care

Table 1. International Cartilage Repair Society Macroscopic Cartilage Assessment Score

Criteria Appearance Points
LA Level with surrounding cartilage 4
75% repair of defect 3
50% repair of defect 2
25% repair of defect |
0% repair of defect 0
I.B 100% survival if initially grafted surface 4
75% survival if initially grafted surface 3
50% survival if initially grafted surface 2
25% survival if initially grafted surface |
0% survival if initially grafted surface 0
II. Integration Complete integration with surrounding cartilage 4
Demarcation border <I mm 3
75% integrated, 25% with notable border >| mm 2
50% integrated, 50% with notable border >| mm |
0%-25% integrated 0
lll.Appearance Intact smooth surface 4
Fibrillated surface 3
Small, scattered fissures and cracks 2
Small and large fissures I
Complete degeneration of graft area 0
Overall assessment and score: Grade | Normal 12 points
Grade 2 Nearly normal 8-11 points
Grade 3 Abnormal 4-7 points
Grade 4 Severely abnormal 0-3 points

Table 3. Cartilage Defect Description

Chondral Defects

Grade 0 Normal
Grade | Superficial lesions
Grade 1A Soft indentation
Grade |IB Superficial fissures and cracks
Grade 2 Cartilage lesions <50% of cartilage depth
Table 2. International Cartilage Repair Society Il Visual Grade 3 Cartilage defects >50% of cartilage depth
Histological Assessment Scale Grade 3A Not extending down to calcified cartilage
Grade 3B Down to calcified cartilage layer
Visual Analog Grade 3C Down to but not through subchondral bone
Histological Parameter Scale Score Grade 3D Down to subchondral bone with cartilage
blisters
I Tissue morphology (polarized light) 0-100 Grade 4 Defects penetrating subchondral bone
2. Matrix staining (metachromasia) 0-100 Grade 4A Penetration of subchondral bone in part of
3. Cell morphology 0-100 the defect
4 Chondrocyu.a clustering 0-100 Grade 4B Subchondral bone penetration involving
5. Surface architecture 0-100 complete defect
6. Basal integration 0-100 Osteochondral
7. Tidemark formation 0-100 Defects
8. Subchondral bone abnormalities/marrow 0-100 Type | Stable continuity, softened area covered by
fibrosis ) intact cartilage
9. Inflammation o 0-100 Type 2 Partial discontinuity, stable on probing
10. Abnormal calcification/ossification 0-100 Type 3 Complete discontinuity, “dead in situ.” not
I 1. Vascularization in repair tissue 0-100 dislocated
12. Surface/superficial assessment 0-100 Type 4A Dislocated fragment, loose within the bed
13. Midzone/deep zone assessment 0-100 or empty defect
14. Overall assessment 0-100 Type 4B Loose and dislocated fragment >10 mm in
19 depth

Note: From Mainil-Varlet et a
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wTEHR@® Review Evaluation of histological scoring systems for tissue-engineered, repaired and

osteoarthritic cartilage, Osteoarthritis and Cartilage (2010) 18, 12e23

Table IV
Parameters assessed by some major cartilage repair scores
Parameters of the O'Driscaoll Pineda Wakitani Modified OsScore® ICRS | Knutsen ICRS Il
different grading et al® ef al.*® et al.>” Mankin (VHS)® ef al® (VAS)*®
systems (Uhl et al)®®
Cell morphology * x * b X X x x
Matrix staining * * * * *
Surface regularity * * % * * *
Structural integrity * x
Thickness/defect filling * * *
Osteochondral junction * x x
Adjacent bonding * * %
Basal integration x x
Cellularity *
Clustering/distribution * * * *
Adjacent cartilage *
degeneration
Mineral * * *
Blood vessels X x P
Subchondral bone * *
Viability cell population bs P
Inflammation *
Cartilage plug quality %
PINEDA et al O’DRISCOLL et al. (in vivo animal)
TasLe 1. CARTILAGE REPAIR SCORE TABLE 1
- . HistoLoGicaL anDp HISTOCHEMICAL GRADING SCALE
Characteristics Score
Filling of defect Score
125% ) Nature of the predominant tissue
100% 0 Cellular morphology
75% ! Hyaline articular cartilage 4
50% 2 Incompletely differentiated mesenchyme 2
25% 3 Fibrous tissue or bone 0
0% 4 Safranin-O staining of the matrix
Reconstruction of osteochondral junction Normal or nearly normal 3
Yes 0 Moderate 2
Almost 1 Slight 1
Mot close 2 None 0
Matrix staining Structural characteristics
Normal 0 Surface regularity
Reduced staining I Smooth and intact 3
Significantly reduced staining 2 Superficial horizontal lamination 2
Faint staining 3 Fissures — 25 to 100 per cent of the thickness 1
No stain 4 Severe disruption, including fibrillation 0
Cell morphology Structural integrity
Mormal 0 Normal 2
Most hyaline and fibrocartilage 1 Slight disruption, including cysts I
Mostly fibrocartilage 2 _S'wcm d's'"wgm"o" 0
Some fibrocartilage, but mostly nonchondrocytic cells 3 Thickness ) )
Nonchondrocytic cells only 4 100 per cent of normal “dj‘*“"f' cartilage 2
50-100 per cent of normal cartilage 1
From Pineda et al.’ 0'5_0 per cent Ut—, normal Ci_milage 0
Bonding to the adjacent cartilage
Bonded at both ends of graft 2
Bonded at one end, or partially at both ends 1
Not bonded 0
Freedom from cellular changes of degeneration
Hypocellularity
Normal cellularity 3
Slight hypocellularity 2
Moderate hypocellularity 1
Severe hypocellularity 0
Chondrocyte clustering
No clusters 2
<25 per cent of the cells |
25-100 per cent of the cells 0
Freedom from degenerative changes in adjacent cartilage
Normal cellularity, no clusters, normal staining 3
Normal cellularity, mild clusters, moderate staining 2
Mild or moderate hypocellularity, slight staining |
Severe hypocellularity, poor or no staining 0
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MANKIN et al.

) TABLE I
HistorocicaL-HistocHEMICAL GRADING *

Grade

Grade

I. Structure
a. Normal

-b. Surface irregularities

¢. Pannus and surface irregularities

d. Clefts to transitional zone

e. Clefts to radial zone

f. Clefts to calcified zone
g. Complete disorganization

II. Cells
a. Normal

b. Diffuse hypercellularity

¢. Cloning
d. Hypocellularity

WO [=r RS L S ==

I1I. Safranin-O staining
a. Normal
b. Slight reduction

¢. Moderate reduction

d. Severe reduction
e. No dye noted

IV. Tidemark integrity
a. Intact

b. Crossed by blood vessels

WO

0
1

* Serial histological sections, cut at five micrometers and stained with hematoxylin and eosin

and safranin-O-fast green-iron hematoxylin, were analyzed for abnormalities in structure, cell

population, safranin-O stain distribution, and

histologic-histochemical grade.

KNUTSEN et al

Histological evaluation was performed by a pathologist in Tromso (V.1.) and a clinical scientist (S.R.) who
specializes in histological analysis of cartilage. Both were blinded to the type of treatment that the patient
had received. Concentrating particularly on the lower region of the biopsy specimen, they arbitrarily ranked

the repair cartilage as hyaline (Group 1), fibrocartilage-hyaline mixture (Group 2), or fibrocartilage (Group

3), or they recorded that there was no repair tissue (Group 4).

WAKITANI ET AL.

TaeLe 1. HistoLoGic GRADING SCALE FOR DEFECT CARTILAGE

Parameter

Points

Observation

A. Cell morphology

B. Matrix staining (metachrom

C. Surface regularity

D. Thickness of cartilage

E. Integration of donor to host
adjacent cartilage

Total maximum (A-E)

B b — D

asia)

B o= O = O Wk = D W —

Hyaline cartilage

Mostly hyaline cartilage
Mostly fibrocartilage
Mostly noncartilage
Noncartilage only

Normal (compared to host)
Slightly reduced
Significantly reduced

No metachromatic stain
Smooth (>3/4%)

Moderate (1/2 << 3/4*)
Irregular (1/4 << 1/2%)
Severely irregular (1/4<%*)
>23**

113 << 2/3%*

<1/3%*

Both edges integrated

One edge integrated

Both edges not integrated

*Total smooth area of reparative cartilage compared to the whole area of the

cartilage defect.

**Average thickness of reparative cartilage compared with that of surround-

ing cartilage.
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Table 2. International Cartilage Repair Society Il Visual

Histological Assessment Scale

Visual Analog

Histological Parameter Scale Score
|. Tissue morphology (polarized light) 0-100
2. Matrix staining (metachromasia) 0-100
3. Cell morphology 0-100
4. Chondrocyte clustering 0-100
5. Surface architecture 0-100
6. Basal integration 0-100
7. Tidemark formation 0-100
8. Subchondral bone abnormalities/marrow 0-100

fibrosis

9. Inflammation 0-100
10. Abnormal calcification/ossification 0-100
| 1. Vascularization in repair tissue 0-100
12. Surface/superficial assessment 0-100
13. Midzone/deep zone assessment 0-100
14. Overall assessment 0-100

Note: From Mainil-Varlet et al.*®

ICRS I Score

TABLE | ICRS Visual Histological Assessment Scale*

Feature Score
I. Surface

Smooth/continuous 3

Discontinuities/irregularities 0
Il. Matrix

Hyaline 3

Mixture: hyaline/fibrocartilage 2

Fibrocartilage 1

Fibrous tissue 0
lll. Cell distribution

Columnar 3

Mixed/columnarclusters 2

Clusters 1

Individual cells/disorganized 0
IV, Cell population viability

Predominantly viable 3

Partially viable 1

<10% viable 0
V. Subchondral Bone

Normal 3

Increased remodeling 2

Bone necrosis/granulation tissue 1

Detached/fracture/callus at base 0
VI. Cartilage mineralization (calcified cartilage)

Normal 3

Abnormal/inappropriate location 0

V:A/VES).

*The observer attempts to evaluate one feature at a time. The
most prominent feature on each specimen is matched to a
graded panel of images that it most closely resembles. The high-
est score (3) is applied to the ideal repair result (i.e., truly regen-
erated tissue), and the lowest score (0) is applied to the poorest
repair result. The scores should not be summed; rather, each
score should be reported separately (i.e., 1:3/1:3/11:2/IV:1/
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OsScore

Tahle 3

Histological features measured for OsScore

Feature Score

Tissue morphology Hyaline =3
Hyaline/fibrocartilage =2
Fibrocartilage =1
Fibrous tissue =0

Matrix staining Mear normal =1
Abnormal =0
Surface architecture Mear normal =2

Moderately irregular =1
Very irregular =0

Chondrocyte clusters MNone =1
<25% cells=0.5
>28% cells=0

Mineral Absent =1
Present=0
Blood vessels Absent=1
Present=10
Basal integration Good =1
Poor=0
Maximum total possible 10

O’DRISCOLL et al. (2001)

TapLE 1. HistoLoGICAL-HISTOCHEMICAL SCORING SYSTEM

Histological-Histochemical Findings

Score Chondrocytes Safranin O Staining

0 None (or almost none) None (or almost none)

1 <50% Slight

2 >50% Moderate

3 All (or almost all) Normal (or nearly normal)
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The Bern Score: For the Evaluation of Safranin O-Fast Green Stained Cartilagenous Pellet Cultures
(Minimum Score: 0; Maximum Score: 9)

Scoring categories Score

Category A: Uniformity and darkness of Safranin O—Fast green stain (10X objective)

No stain 0
Weak staining of poorly formed matrix 1
Moderately even staining 2
Even dark stain 3

Category B: Distance between cells/amount of matrix accumulated (20X objective)

High cell densities with no matrix in between (no spacing between cells) 0
High cell densities with little matrix in between (cells <1 cell-size apart) 1
Moderate cell density with matrix (cells approx. 1 cell-size apart) 2
Low cell density with moderate distance between cells (>1 cell) and an extensive matrix 3

Category C: Cellular morphologies represented (40X objective)

Condensed/necrotic/pycnotic bodies 0
Spindle/fibrous 1
Mixed spindle/fibrous with rounded chondrogenic morphology 2
Majority rounded/chondrogenic 3

Source: “’Grogan SP. et al., Tissue Eng 2006; 12(8):2141-9.
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Osteoarthritis and Cartilage Vol. 18, No. 1 13

— Huang — OARSI
— Mankin — Foland — Hotta
- Otte = Colombo — Bendele — Freemont — Yagi
— Colllins
[ T ¥ T T T Y
1949 1959 1969 1979 1989 1999 2009
— O'Driscoll — DsScore — ICRS II
— Pineda — Petersan
—=— Wakitani = ICRS I
— Knutsen
— 0'Driscoll
— Bern

Fig. 1. Chronological development of cartilage histological scores after the first macroscopical score in 1949 (Collins). OA scores are
presented in blue, in vivo cartilage repair scores in red, and in vifro tissue engineering scores in green.

-~
(Hismlugical scoring

of cartilage
A
I l
Osteoarthritic in vivo repaired Tissue engineered
cartilage cartilage cartilage
Gradi )
[Gradmg onlyw Sfag;ir;%x [ Simple W Comprehensivew

HHGS OARSI { O'Driscoll | | - |
Simple OA Bendele (2001)

scares

Amma! Human

Simple ‘ ‘ Comprehensive Slmple J Comprehensive
‘ Pineda | O'Driscoll ‘ OsSmre Semi- Visual
(1986) Knutsen quamltatlve assessment
Peterson score scale

| |cn3| ]‘ |cn|5| ‘
(VHS) (VAS)

Fig. 5. Choice of an appropriate scoring system may be aided by a flow diagram. Validated scores are presented in bold.
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Guidance for Industry, Preparation of IDEs and INDs for Products Intended to Repair of Replace Knee
Cartilage. U.S. Department of Health and Human Services, Food and Drug Administration, Center for
Biologics Evaluation and Research, Center for Devices and Radiological Health, December 2011
(http://www.fda.gov/downloads/BiologicsBlood Vaccines/GuidanceComplianceRegulatorylnformation
/Guidances/CellularandGeneTherapy/UCM288011.pdf)

GUIDELINE ON HUMAN CELL-BASED MEDICINAL PRODUCTS. COMMITTEE FOR
HUMAN MEDICINAL PRODUCT (CHMP), London, 11 January 2007
(EMEA/CHMP/410869/20006)

Reflection paper on in-vitro cultured chondrocyte containing products for cartilage repair of the knee.

Committee For Advanced Therapies (CAT), London, 08 April 2010 (EMA/CAT/CPWP/568181/2009)
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morphological 3D magnetic resonance observation of cartilage repair tissue (MOCART) scoring using a
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Guidance for Industry

Preparation of IDEs and INDs for Products Intended to Repair or
Replace Knee Cartilage

This guidance represents the Food and Drug Administration’s (FDA’s) current thinking on this
topic. It does not create or confer any rights for or on any person and does not operate to bind
FDA or the public. You can use an alternative approach if the approach satisfies the
requirements of the applicable statutes and regulations. If you want to discuss an alternative
approach, contact the appropriate FDA staff. If you cannot identify the appropriate FDA staff,
call the appropriate number listed on the title page of this guidance.

l. INTRODUCTION

This guidance document provides to you, sponsors of an investigational device exemption
application (IDE) or an investigational new drug application (IND), recommendations about
certain information that should be included in a submission describing a product intended to
repair or replace knee cartilage. For the purposes of this document, a product intended to repair
or replace knee cartilage, as with other cartilage repair or replacement products,' may include a
biologic, device, or combination product® whose components would individually be regulated by
the Center for Devices and Radiological Health (CDRH) or the Center for Biologics Evaluation
and Research (CBER).>** This guidance finalizes the draft guidance of the same title dated July
2007.

This guidance supplements recommendations regarding IDE and IND submissions contained in
other FDA publications (e.g., “Guidance on Applications for Products Comprised of Living
Autologous Cells Manipulated ex vivo and Intended for Structural Repair or Reconstruction”
dated May 1996, (Ref. 1)). For general information on IDEs and INDs, see
http://www.fda.gov/MedicalDevices/DeviceRegulationandGuidance/HowtoMarketY ourDevice/I
nvestigationalDeviceExemptionlDE/default.htm and

! Prostheses such as unicondylar or total knee implants are beyond the scope of this guidance. Meniscus
replacement products—which are being studied for use in preventing cartilage damage—are also beyond the scope
of this guidance unless manufacturers propose new indications related to cartilage repair, replacement, or
preservation.

% A combination product is a product composed of any combination of a drug and a device; a biological product and
a device; a drug and a biological product; or a drug, device and a biological product. For the definition of the term
“combination product,” see Title 21 Code of Federal Regulations, Part 3 (21 CFR Part 3) at 21 CFR 3.2(e).

* Forward specific questions regarding product jurisdiction with respect to a combination product to the Office of
Combination Products (OCP). You may call OCP at 301-796-8930 or email OCP at combination@fda.gov.
Information about the Request for Designation (RFD) program and guidance related to the regulation of
combination products are available at the OCP website at http://www.fda.gov/CombinationProducts. Forward
questions regarding the applicability of specific regulations for articular cartilage repair or replacement products, for
which jurisdiction has already been determined, to the Center with jurisdiction.

* Human cells, tissues, and cellular and tissue-based products (HCT/Ps) regulated solely under section 361 of the
Public Health Service Act (PHS Act) (42 U.S.C. 264) and 21 CFR Part 1271 are beyond the scope of this guidance.
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http://www.fda.gov/BiologicsBloodVaccines/DevelopmentApprovalProcess/InvestigationalNew
DrugINDorDeviceExemptionl DEProcess/default.htm, respectively.

We, FDA, typically regard investigational devices for articular cartilage repair or replacement to
be significant risk devices (see 21 CFR 812.3(m)(1)) (§ 812.3(m)(1)). Therefore, if you intend to
conduct clinical studies of these devices in the United States, you will likely need to submit to
FDA an application for an IDE (21 CFR 812.20). All investigational studies for cellular therapy
products, except for HCT/Ps that meet the criteria specified in 21 CFR 1271.10(a), including
products for articular cartilage repair or replacement, require submission of an IND

(21 CFR 312.20) (§ 312.20). When an IND or IDE is required, you must comply with FDA’s
IND regulations (21 CFR Part 312) or IDE regulations (21 CFR Part 812), as appropriate, to
proceed with clinical investigations of these products. Institutional review board (IRB) approval
alone is not sufficient to commence a clinical study in human subjects involving articular
cartilage repair or replacement products (21 CFR 56.103).

FDA'’s guidance documents, including this guidance, do not establish legally enforceable
responsibilities. Instead, guidances describe the FDA’s current thinking on a topic and should be
viewed only as recommendations, unless specific regulatory or statutory requirements are cited.
The use of the word should in FDA’s guidances means that something is suggested or
recommended, but not required.

1. BACKGROUND

We prepared this guidance to address issues that may arise in the development of articular
cartilage repair or replacement products. This guidance also reflects input received from the
public and the Cellular, Tissue, and Gene Therapies Advisory Committee (CTGTAC) at the
March 3 to 4, 2005 CTGTAC meeting (Ref. 2) and May 15, 2009 CTGTAC meeting (Ref. 9).

I11.  PRODUCT DESCRIPTION

For products subject to the IDE submission requirements in 21 CFR Part 812, you should, and in
some cases are required to, provide in an IDE the following information to describe the
investigational device:

e A complete written description of the individual components and how any components
interact either mechanically or chemically. See §§ 812.25(d) and 812.20(b)(2).

e A description of the material(s) and any voluntary material standard(s) to which the
material(s) conform. See §§ 812.25(d) and 812.20(b)(2). Depending on the material, we
may recommend biocompatibility testing, as described in section VI. of this document.

e A description of anticipated changes to the device. See §§ 812.25(d) and 812.20(b)(2).

e A list and description of all instruments (including trial components) unique to the
implantation of the product, the material or voluntary material standard(s) to which they
conform, and supporting engineering drawings or photographs of them. See
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§§ 812.25(d) and 812.20(b)(2). You should provide evidence that the instrument
materials are safe for limited contact with a breached surface, any instructions for
assembly/disassembly (if applicable), and a statement regarding whether the instruments
are re-usable or for single use only, and if re-usable, adequate instructions on cleaning
and sterilizing the instruments.

Depending on the particular design of the product, additional information may be appropriate:

For any concurrent control product or treatment, we recommend that you provide a
written description, any available drawings and photographs, and information regarding
materials from which the control product is manufactured.

Products regulated under an IND must include a description of the product into the
Chemistry, Manufacturing, and Controls (CMC) section of the IND submission per

§ 312.23(a)(7). Recommendations for application of these regulations to cellular and
gene therapy products are provided in the CMC guidances listed below in section IV.B.
of this document.

MANUFACTURING AND CMC INFORMATION
A. Device Component

Under § 812.20(b)(3), you must provide a description of the methods, facilities, and
controls used for the manufacture, processing, packing, storage, and, where appropriate,
installation of the device, in sufficient detail so that a person generally familiar with good
manufacturing practices can make a knowledgeable judgment about the quality control
used in the manufacture of the device.

As part of that information, you should provide the following:

e basic manufacturing information regarding product design issues; and

e sterilization information for the finished device, as described in the FDA guidance
entitled, “Updated 510(k) Sterility Review Guidance K90-1; Final Guidance for
Industry and FDA” dated August 2002 (Ref. 3).

B. Cellular or Gene Therapy Product or Cellular Component of Combination
Product

Section 312.23(a)(7) directs the sponsor to provide manufacturing and CMC information
commensurate with the phase of the investigation. In addition, the current good tissue
practice requirements in 21 CFR Part 1271 establish processing requirements applicable
to all HCT/Ps, including those under IND.

For a cellular or gene therapy product or cellular constituents of a combination product,
we recommend that you refer to the following FDA guidances:
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e “Guidance for Industry: Guidance for Human Somatic Cell Therapy and Gene
Therapy” dated March 1998 (Ref. 4);

e “Guidance for FDA Reviewers and Sponsors: Content and Review of Chemistry,
Manufacturing, and Control (CMC) Information for Human Somatic Cell Therapy
Investigational New Drug Applications (INDs)” dated April 2008 (Ref. 5); and

e “Guidance for FDA Reviewers and Sponsors: Content and Review of Chemistry,
Manufacturing, and Control (CMC) Information for Human Gene Therapy
Investigational New Drug Applications (INDs)” dated April 2008 (Ref. 6).

V. NONCLINICAL DATA CONSIDERATIONS

Y ou should provide nonclinical data sufficient to establish scientific support for clinical
investigation of your product, and to demonstrate an acceptable safety profile of your product
prior to initiating a human clinical study (see § 312.23(a)(8) for IND-specific requirements
relating to the submission of pharmacology and toxicology information). These data can be
derived from animal studies, mechanical testing, or a combination of both. You should choose
the most appropriate testing to demonstrate the anticipated performance and address the safety
issues raised by your product. The type of studies will be dependent on the exact constituents of
your product. We encourage you to contact us about general and nonclinical testing to further
define specific test recommendations. We recommend you design testing strategies that combine
animal and mechanical testing in single studies if such a strategy does not compromise the
validity of the measurements, or the usefulness of the data.

While a description and analysis of the individual components of a product consisting of multiple
components is necessary, it is not sufficient as it does not provide information on how the final
product functions and the interactions in vivo. Because of this, the key nonclinical studies
should ideally evaluate a version of the product that is identical to the product that is intended to
be used in the clinical evaluations. If this is not possible, you should provide a rationale that
addresses the differences between the various versions of the product and why the nonclinical
data resulting from an analysis of a different product is applicable in support of initiation of
clinical studies. In order to facilitate an appropriate review of the investigational application, we
suggest that you provide information on the various versions of your product in tabular form that
includes which nonclinical studies were conducted on each version, and where the study results
are located in the IND or IDE submission.

A. Animal Data and Testing Considerations
Generally, animal studies are used to assess the following issues:
e Biological response to the product and the biological activity (proof of concept
and safety data) of each component of a combination product. You can use

animal studies to demonstrate that a product’s components have the potential to
contribute to the clinical efficacy of the final product.
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e Durability (length of time needed to assess repair of the cartilage lesion and the
ability of the product to resist wear, degradation, withstand physiological relevant
loads over time, etc.). You can assess durability of the response in large animal
studies. Generally, studies that are a minimum of one year in length are
recommended to provide an adequate period for completion of healing. This
duration is also generally sufficient to allow assessment of durability of the
therapeutic response, and of the integrity of the product. The study duration may
vary depending on the product characteristics, type, and amount of data available.
For example a product that takes longer to degrade may require longer follow-up
for adequate characterization of the degradation profile.

e Toxicology (potential for local and systemic toxicities due to a component of the
product). Local toxicities may be due to interactions of the product with the
components of the joint, or degradation of the product in the joint. Systemic
toxicities may be due to cell or particle migration outside of the articular space.
Potential for tumorigenicity or inappropriate differentiation of cellular products
exists within or outside of the articular space.

e Dose response (e.g., material constituents, cell number, and other characteristics,
which may affect lesion repair). Dose response can often best be assessed in large
animal studies’ as a result of anatomic and biomechanical considerations.

e Lesion size and location evaluated in the animal study should be scaled
appropriately to mimic what will be studied clinically. If multiple devices will be
used clinically, this should be considered in the animal study design. In addition,
the lesion should be located in an analogous location in the animal study as
intended for implantation in humans.

e Appropriate endpoints should be used to design your animal study to mirror
your clinical study; please consider incorporating secondary clinical endpoints
from section VIL.D. of this document into your study design (e.g., histology).

e Use of arthroscopic and/or magnetic resonance imaging (MRI) evaluations.
To reduce the number of animal sacrifices at each timepoint, it may be
appropriate to provide interim arthroscopic assessments and/or MRI evaluations
in the animal studies. At the time of each sacrifice, the mechanical integrity of
the cartilage should be assessed along with gross examination.

Other important considerations for the animal study include:
I. Suitability of Animal Model(s)
We recognize that choosing and determining the suitability of animal model(s) for
evaluation of any specific product is difficult because there is no perfect animal

model of articular cartilage injury. As discussed at the March 2005 CTGTAC
meeting (Ref. 2):

> See ASTM standard F2451-05 (Reapproved 2010) “Standard Guide for in vivo Assessment of Implantable Devices
Intended to Repair or Regenerate Articular Cartilage.” http://www.astm.org/Standards/F2451.htm.
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e the scientific literature contains descriptions of numerous methods for
evaluating the nonclinical behavior of native cartilage and, consequently,
articular cartilage repair or replacement products;

e not all of these methods may apply to a specific articular cartilage repair
or replacement product; and

e goats, sheep, and horses are the most frequently used large animal models
for cartilage repair.

Because a recommendation for a set of specific evaluations is not possible without
detailed description of the articular cartilage repair, or replacement product,
reference is made to the ASTM F2451-05, “Standard Guide for in vivo
Assessment of Implantable Devices Intended to Repair or Regenerate Articular
Cartilage,” reapproved by ASTM in 2010.° This standard provides guidelines
related to the development of animal models and mechanical testing. We
recommend that you consult this standard or the applicable scientific literature
when designing animal studies. Specifically, the standard contains a:

e comparison of animal models (joint size and load, age, skeletal maturity);

e articular cartilage defect types (location, size, type, depth, etc.); and
articular cartilage defect locations;

e discussion of articular cartilage defect preparation; description of gross
and histological assessments; and

e description of various mechanical evaluations and their applicability.

Any of the large animal species referenced above may be appropriate in studies
designed to support the activity and safety of your cartilage repair or replacement
product. However, we recommend that you choose the species after carefully
considering the model’s ability to reflect the intended clinical use and provide a
rationale for the animal model selected for your nonclinical study(ies) within your
original IDE or IND application submission.

We further recommend the use of pilot studies designed to confirm the suitability
of testing a particular product in a specific animal species. Several different
animal studies and/or species may be necessary to adequately model functional
aspects and potential toxicities of a single product. However, the number of
studies needed should be determined by relevant structural and biological
characteristics of the product, not by the number of components of the product. It
may be possible to utilize a combination of small and large animal studies to
evaluate degradation, durability, safety, and efficacy.

In the case of a product containing human cells, studies performed in animals
often require the use of either immunosuppressive agents to avoid rejection of the
product, or the use of analogous cellular products in animals. Analogous cellular

® The standard is available at http://www.astm.org/Standards/F2451.htm or contact ASTM Customer Service at
service@astm.org.
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products are cellular products derived from the animal species used for testing
that are analogs of the ultimate clinical product in cellular characteristics and
biologic activity. You should characterize the level of analogy with the human
product in preliminary studies prior to conducting a pivotal toxicology study with
the analogous cellular product.

We recommend that you design nonclinical testing of cartilage repair and
replacement products that contain a cellular or gene therapy component following
the principles provided in section VIII. of the FDA guidance entitled, “Guidance
for Industry: Guidance for Human Somatic Cell Therapy and Gene Therapy”
dated March 1998 (Ref. 4), and if applicable, the recommendations provided in
section I'V. of the FDA guidance entitled, “Guidance for Industry, Gene Therapy
Clinical Trials — Observing Subjects for Delayed Adverse Events” dated
November 2006 (Ref. 10).

2. Animal Report(s) to be Submitted

You should provide complete reports of any animal studies conducted using the
investigational product’, whether adverse or supportive, relevant to the evaluation
of the safety or effectiveness of the investigational product. At a minimum, the
following information should be included in the animal report:

e the purpose of the study;

e the rationale for the animal model used;

e adetailed methods section, to include the creation, size, and location of
the cartilage defect;

e period of immobilization;

e reports on gait analysis;

e all tested parameters listed in section V. of this document, as applicable;
and

e pathological, histological, and radiological evaluations.

In addition, you should explicitly describe any differences between the product
used in the animal studies and the product proposed for clinical use in the IDE or
IND.

For each nonclinical laboratory study subject to the good laboratory practice (GLP)
regulations under 21 CFR Part 58, you must include a statement that the study was
conducted in compliance with the GLP regulations, or, if the study was not

conducted in compliance with those regulations, a brief statement of the reason for
the noncompliance (§ 312.23(a)(8)(iii) for INDs and § 812.27(b)(3) for IDEs). For

7 Note that for IDE studies, sponsors must “include reports of all prior clinical, animal, and laboratory testing of the
device” (21 CFR 812.27(a)). Note that for IND studies, sponsors must provide adequate information to support the
basis for concluding that it is reasonably safe to conduct clinical investigations (21 CFR 312.23(a)(8)).
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INDs, you must provide a full tabulation of data suitable for detailed review for
each toxicology study that is intended primarily to support the safety of the
proposed clinical investigation (§ 312.23(a)(8)(ii)(b)).

Mechanical Data and Testing Considerations
1. Suitability of Mechanical Testing

You should provide mechanical data for all articular cartilage repair or
replacement products or a rationale addressing why limited mechanical testing
coupled with complete animal study data are appropriate to establish an
acceptable safety profile of the investigational product.

The mechanical testing appropriate for your product may depend on the design,
material, method of attachment to the subchondral bone and/or surrounding intact
cartilage, and indication for use.

Generally, the mechanical testing results should address the following:

e ability of the implant to withstand expected in vivo static and dynamic
loading (e.g., compression, shear, and tension);

e analysis of fixation method (e.g., strength of integration between the
product and surrounding native tissue); and

e propensity to generate wear debris.

Specifically, we recommend that you assess both the static mechanical behavior
of the product by measuring the maximum recoverable compressive strain, the
aggregate modulus (Hy), the shear modulus (), and permeability (k) as well as
the dynamic mechanical behavior of the product including an assessment of the
complex shear modulus G*. These assessments of the mechanical properties
should include a determination of any relevant anisotropies and nonlinearities in
your product. In addition, you should determine the failure properties of your
product. For products that contain a degradable scaffold component(s), it will be
important to assess the failure properties as a function of time. Many mechanical
testing methods may be used to measure the mechanical properties of your
product, including, but not limited to, confined or unconfined compression and
indentation. We recommend that you consult with FDA to discuss the appropriate
mechanical testing methodology for your product as well as refer to ASTM
F2451-05 (reapproved 2010) for additional information regarding test methods.
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2. Mechanical Testing Report(s) to be Submitted

Y ou should provide complete reports of any mechanical testing conducted on the
investigational product®, whether adverse or supportive, that is relevant to the
evaluation of the safety or effectiveness of the investigational product. Each test
report should include, but need not be limited to, the following elements:

identification of the components that comprised the product tested;
description of the apparatus used;

description of the procedures;

rationale supporting the testing environment as being a worst case
condition;

rationale for the loading modes chosen;

e study results; and

e discussion of the results in terms of the expected in vivo and clinical
performance of the system.

You should also provide a comprehensive summary of all mechanical testing in
addition to complete reports for each test, and include an assessment of the degree
of cartilage breakdown. This may be done visually after staining with India ink.

We realize that some types of products are not capable of fully withstanding
applied loads at the time of implantation (e.g., a cellular product held in place by a
periosteal flap or a flexible scaffold that will eventually be populated by cells and
ultimately form a load-bearing tissue). For these products, it would be
appropriate to characterize various mechanical properties at discrete time points
following maturation in a suitable animal model. You should initially assess the
product’s ability to maintain its location within the loaded joint (analysis of
fixation or interfacial strength), and subsequently continue to assess this
characteristic while adding assessments of the newly-formed tissue aimed to
determine its ability to bear applied loads. Samples for these tests may consist of
explanted regenerated tissue from the animal model or other appropriate samples
as justified by the sponsor. When there are differences between the proposed
clinical product and the product tested, you should explain how or why the results
are relevant in establishing the relative safety of the proposed product.

Regardless of the evaluations which are performed, you should compare the
properties of the repaired or regenerated tissue to control tissue (e.g., the cartilage
collected from an unoperated control joint). While it is understood that the repair
tissue might have properties that differ from those of normal cartilage, you should
describe why these differences might not be relevant to the in vivo and clinical
behavior of the product.

As previously noted, for IDE studies, sponsors must “include reports of all prior clinical, animal, and laboratory
testing of the device” (21 CFR 812.27(a)). Note that for IND studies, sponsors must provide adequate information
to support the basis for concluding that it is reasonably safe to conduct clinical investigations (21 CFR 312.23(a)(8)).
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VI. BIOCOMPATIBILITY TESTING

Depending on the material(s) used in the product, we may recommend biocompatibility testing.
According to ISO-10993, “Use of International Standard ISO-10993-1:2009, ‘Biological
Evaluation of Medical Devices Part-1: Evaluation and Testing’” (Ref. 7) and/or ASTM F748-
06, “Standard Practice for Selecting Generic Biological Test Methods for Materials and
Devices” may provide acceptable approaches for conducting biocompatibility testing. You
should include in the IND or IDE a complete test report describing the tests performed, the
specific methods utilized, and the results.

VIl. CLINICAL STUDY PROTOCOLS

Clinical studies of articular cartilage repair or replacement products must be conducted in
compliance with the IDE regulations, which include requirements to obtain FDA approval for
studies of significant risk devices (21 CFR Part 812) or the IND regulations (21 CFR Part 312),
as appropriate, as well as with the regulations as to informed consent (21 CFR Part 50) and the
regulations as to IRBs (21 CFR Part 56) and other applicable regulatory requirements.

A. Design

In general, the clinical development program for an investigational knee cartilage repair
or replacement product should proceed through an orderly series of early phase and phase
3 or pivotal clinical studies'®. The number of clinical studies as well as the specific
design requirements is contingent upon multiple factors, including the characteristics of
the investigational product, the route of product administration (e.g., implantation), the
characteristics of the target population, and the proposed product indication. This
guidance provides only a broad outline of the major features to consider in designing a
clinical study.

1. Early Phase Clinical Studies
You should design early phase clinical studies that are conducted early in clinical

development to obtain, in addition to any other features, the following
information:

e safety data (e.g., adverse experience reports, explant analyses where
appropriate, revision procedure details);

? http://www.astm.org/Standards/F748 htm.

10 “Exploratory”, “feasibility”, “phase 17, and “phase 27, are all terms that have been used to modify “clinical trials”
in various situations to describe “early phase” clinical trials. Likewise “phase 3 and “pivotal” have been used to
refer to “late phase” clinical trials. In an effort to increase simplicity, clarity, and readability, we will use “early
phase” to denote all early phase clinical studies or trials, and we will use the phrase “phase 3 or pivotal” in this

guidance to denote all late phase clinical studies or trials.

10
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e data assessing the ability to properly implant the product, including
identification of any study procedures (including surgical procedure) that
should be modified to optimize product administration/implantation;

e bioactivity data, such as assessments of cartilage integrity based upon
imaging results and/or biopsy findings;

e data assessing the appropriateness of the target population; and

e data providing information concerning the activity of the product in vivo
or other information related to product activity that may be informative for
future development, such as:

0 product dose-response relationships; and
0 product design-response characteristics.

You should comprehensively evaluate early phase clinical study data to facilitate
the design of phase 3 or pivotal studies. At the conclusion of early phase clinical
studies, you should be able to provide clinical data explaining the important
aspects of the phase 3 or pivotal clinical studies that apply to the investigational
product, such as:

e data that support the product dose and design characteristics;

route of administration, including surgical implantation technique in the
use of the product;

extent and nature of follow-up evaluations;

study subject sample size;

eligibility and ineligibility criteria;

choice of the major study endpoints; and

statistical assessments of the major study endpoints.

An important consideration for an early phase clinical study of knee cartilage
repair or replacement products is the potential use of a control group(s) to
optimize the interpretation of the early phase findings. In general, the most
important clinical outcomes associated with use of these products are relief of
pain and restoration of knee function, outcomes we believe are highly susceptible
to bias due to assessment subjectivity. The use of control groups in early phase
studies may greatly facilitate the interpretation of the clinical study findings, even
if — because of the nature of the studies — the statistical assessments lack the
robustness or power to support phase 3 or pivotal clinical studies (for a more
general discussion of controls groups in clinical studies of the products described
in this guidance see section VII.B. of this document below).

2. Phase 3 or Pivotal Clinical Studies

Phase 3 or pivotal clinical studies are designed to obtain hypothesis-testing data
(i.e., to test a primary efficacy hypothesis and provide sufficient supportive data
for that hypothesis as well as corresponding safety data). Depending upon the
characteristics of the investigational product, safety concerns may require sample
sizes larger than one might estimate based solely upon the projected primary

11
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efficacy endpoint treatment effect. Consequently, we recommend that you
consider both efficacy and safety considerations in designing phase 3 or pivotal
clinical studies.

Typically, phase 3 or pivotal clinical studies use a randomized, controlled design.
Whenever possible, we recommend that you use such a study design with
endpoints ascertained in a blinded manner (e.g., subjects are blinded to treatment
group, primary endpoints should be assessed in either a completely blinded
manner or with the use of major endpoint evaluators who are blinded to the study
treatment assignments). However, alternative phase 3 or pivotal study designs
may be considered."’ You should provide FDA with data (from your studies and
applicable literature) and a rationale to support your phase 3 or pivotal study
design prior to initiation of a phase 3 or pivotal study for any cartilage repair
product.

We believe that the clinical knowledge base generated for current potential active
concurrent controls (such as microfracture) has not established a treatment effect
size with precision sufficient to employ a non-inferiority trial design. Therefore,
we think that phase 3 or pivotal trials for these products should be designed and
powered as superiority trials.

Listed below in sections VII.B through G of this document, are important considerations
for the design of both early phase and phase 3 or pivotal clinical studies.

B. Control Group

Multiple options exist for the choice of a study’s control group(s), and we recommend
that you review the FDA guidance entitled, “Guidance for Industry: E 10 Choice of
Control Group and Related Issues in Clinical Trials” dated May 2001 (Ref. 8). This
guidance, while intended for biological products and drugs, contains concepts we believe
may also be relevant to the clinical study of an investigational device intended for the
repair or replacement of knee articular cartilage.

In general, control groups may be broadly classified as either concurrent or historical.
Rapid advances in surgical techniques and the medical care of damaged knees over the
past several years suggest that you should generally use a concurrent control group to
obtain the most informative clinical data. We believe historical controls are insufficient
for phase 3 or pivotal clinical studies of knee cartilage repair or replacement products.

The most common types of concurrent control groups include placebo controls, sham-
surgery controls, active-comparator controls, or standard care controls. If you choose an
active comparator control, we recommend that you use one that is well accepted as

" For cellular and gene therapy, and combination products regulated under section 351 of the PHS Act (42 U.S.C.
262), please refer to the discussion of surrogate endpoints in the FDA guidance entitled, “Guidance for Industry on
Fast Track Drug Development Programs: Designation, Development, and Application Review” dated January 2006
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatorylnformation/Guidances/UCM079736.pdf.
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standard treatment for the indication. For example, the comparator may be an approved
or licensed product or a well-accepted surgical procedure for the indicated condition.
Comparator procedures may include the following: microfracture, debridement,
osteochondral autograft transplantation (e.g., mosaicplasty), autologous chondrocyte
implantation, autogenous perichondral or periosteal grafts, and osteochondral allografts,
depending on the standard treatment for the indication. You should provide a rationale
for the selected comparator(s). This rationale should include the comparability of the
investigational and control treatments with respect to the extent of the surgical procedures
involved as well as the duration and extent of rehabilitation.

A study could also include more than one comparator study arm. For example, a
controlled study could compare treatment effects across a range of investigational
product dosages or compare treatment effects among a group of alternative
procedures/products.

We recommend that, for most studies, randomized controls be used such that the control
group populations have lesions that are similar to the experimental group in terms of
depth, size, and extent of cartilage/bone damage.

C. Study Population

We recommend you pre-specify the following subject selection characteristics within a
study protocol’s eligibility criteria:

age;
degree of pain;

presence or absence of osteoarthritis and method of diagnosis of osteoarthritis;
chronicity of lesion;

minimum and/or maximum degree of physical function;

location of articular lesion (e.g., medial femoral condyle, lateral femoral condyle);
depth of lesion;

size area of lesion (i.e., in cm®);

concomitant joint pathology (e.g., meniscal tear, ligament tear); and

whether there has been prior treatment for the lesion; and an assessment of
general health status.

In defining each of these characteristics, you should select unambiguous definitions,
preferably based upon well-accepted evaluation techniques. One acceptable way for
determining subject eligibility by size and extent of the cartilage lesion is through use of
the International Cartilage Rating System (ICRS), as described in the International Knee
Documentation Committee (IKDC) Knee Examination Form-2000."* You should
provide a scientific rationale in your study protocol or supportive documents for selecting
minimum values, maximal values, lesion depth, lesion size, and number of product(s) to

2 This form is contained in the ICRS Cartilage Injury Evaluation Package, available at
http://www.cartilage.org/ files/contentmanagement/ICRS_evaluation.pdf.

13


http://www.cartilage.org/_files/contentmanagement/ICRS_evaluation.pdf

Contains Nonbinding Recommendations

be implanted. To determine subject eligibility by clinical parameters such as pain and
clinical function, we recommend that you use an established, validated clinical
measurement instrument such as those described in section VIL.D.

D. Study Efficacy Endpoints

We recommend that clinical studies assess the endpoints described in this section.
However, the applicability of these endpoints depends on the characteristics of the
investigational product and its method of administration (e.g., implantation).

We believe that clinically meaningful endpoints, such as improvement in pain and
physical function, provide the most persuasive evidence of efficacy. Consequently, you
should identify changes in pain and physical functioning as the primary endpoint for
phase 3 or pivotal clinical studies. Examples of measures that may be used to assess
these endpoints include the:

Knee Injury and Osteoarthritis Outcome Score (KOOS)";

IKDC Subjective Knee Evaluation Form-2000;

Cincinnati Knee Rating System;

Symptom Rating Form; and

Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC).

However, none of the above single validated instruments can be used to measure both
joint pain and function. Therefore, separate validated instruments are recommended for
measurement of both joint pain and function (Ref. 10). If you use a co-primary endpoint
approach, then statistical success should be met by both endpoints in a manner that
preserves the overall type 1 error.

Secondary endpoints that may be studied include:

e arthroscopic evaluation to assess:

0 changes in the size, location, and grade of cartilage lesions both before
and after debridement, if debridement is intended. One acceptable
method for assessing these endpoints is through use of the ICRS, as
described previously in section VII.C above.

O the integrity of repaired tissue; and

0 the binding of implanted investigational product to adjacent tissue,
including assessments of stiffness/firmness based upon tissue probing.

e assessment of the physical findings from examination of the knee joint,
including:

0 both passive and active range of motion;

O quadriceps muscle strength;

0 alignment;

0 degree of patellar subluxation;

13 This form is available from http://www.koos.nu/.
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0 degree of effusion;
0 degree of crepitus; and
0 degree of ligament laxity.
e histologic evaluation at both short (e.g., six months) and long term (e.g., two
years) follow-up in a subset of subjects to assess:
O matrix zonal organization;
cell density;
cell morphology (i.e., chondrocytic vs. fibroblastic);
collagen types and concentration;
aggrecan concentration, size, and composition;
other proteoglycan concentrations;
noncollagenous protein concentrations; and
O inflammatory response.
e serological assessments for antibody formation and evidence of inflammation.
e assessment of synovial fluid samples for cell count, sterility, and, as applicable,
markers of inflammation and antibody formation.
e joint/cartilage structure as assessed by MRI, for:
O articular surface integrity;
thickness and volume of chondral surface;
subchondral bone plate contour;
thickness and volume of synovial membrane; and
volume of synovial fluid.

O O0OO0OO0O0O0o

OO0O0oOo

We recommend that the protocol specify which MRI techniques and views will be taken,
and that the images be interpreted by at least two independent (blinded) readers with a
third available for adjudication, if necessary. A core facility to interpret images
independently could also be considered. The protocol or study supportive documents
should include a clear, prospectively stated description of the plan for review of these
images, and plans for resolving conflicting readings.

E. Investigational Product Implantation Procedures

The clinical protocol and supportive documents must provide a detailed description of the
procedures to be used in implantation of the investigational product (§§ 312.23(a)(6) and
812.25(b)). This description is especially critical in multi-center studies. We
acknowledge that many surgical procedures use techniques common to standard surgical
practice and these procedures can be briefly summarized in the description of the
investigational product implantation procedures. Any unique procedures for implantation
of the investigational product should be described in detail.

For plans related to any surgical procedures, the clinical protocol should identify and
provide details on the:
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e Surgical technique for both the investigational and control treatments, including
the type of anesthesia, the size of the incision, the use of antibiotics and pain
medications, and the maximum number of product(s) that may be implanted, as
applicable. We recommend that the surgical procedures be comparable, as much
as possible, between treatment groups.

e Plans for post-operative care. Supportive documents should address the use of
continuous passive motion; the duration, method, and frequency of weight
bearing; the type, dose, and frequency of pain medication used; and the type and
frequency of rehabilitation. These factors should be standardized between/among
treatment groups when possible. If it is not possible to standardize the surgical
technique or post-operative care regimen, all attempts to mitigate the potential
introduction of bias and influence on the outcomes should be taken.

F. Follow-Up

You should include sufficient follow-up information from your clinical study for all
investigational products within a premarket approval application (PMA) or biologics
license application (BLA). For investigational products which are resorbed, degraded, or
remodeled, the study subject follow-up duration should be based on information gathered
from in vivo and in vitro nonclinical studies, and the natural history of the underlying
target clinical condition. We recommend a minimum of two-year follow-up clinical
information (subject to the degradation profile of the product) be submitted with the
PMA or BLA. Data from an extended follow-up period provides an important
component of the information to be contained within product labeling. Therefore, the
subjects enrolled in initial or early phase studies should continue to be followed during
the period of phase 3 or pivotal studies or longer to provide some long-term follow-up
information, which may be required as part of post-market surveillance, with a minimum
of five years of follow-up."*

G. Adverse Experience (Risk) Reporting

This section concerns adverse experience (AE) reporting by the investigator(s) to the
sponsor (§§ 312.64 and 812.150(a)(1)). > When an investigator reports AEs to the
sponsor, the investigator should stratify the AEs by those general to any surgery, those
related to knee surgeries (open vs. arthroscopic), and those specific to the investigational
product. We recommend that you incorporate definitions or descriptions of known or
anticipated AEs into the case report forms (CRFs) to ensure uniform reporting. You
should also state in the protocol and CRFs that all subsequent surgical intervention,
investigational product-related or not, should be reported and recorded.

' Characteristics of individual products may result in the need for longer than typical follow-up, such as gene
therapy products as described in Reference 10.
'3 For requirements regarding AE reporting by a sponsor to FDA, see §§ 312.32 and 812.150(b)(1).

16



Contains Nonbinding Recommendations

For the purpose of this guidance, we define subsequent surgical interventions as follows:

e Revision - a procedure that adjusts or in any way modifies or removes part of the
original investigational product, with or without replacement of a component; it
may include adjusting the position of the original investigational product. If the
investigational product is used/implanted in conjunction with an FDA approved
product/component, a revision to any component, even to the approved
component, should be reported as a revision.

e Removal - a procedure where all or part of the original investigational product is
removed with or without replacement.

e Reoperation - any subsequent surgical procedure at the involved surgery site that
does not involve removal, revision, modification, or addition of any component(s)
to the product.
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