N ABDHBEN S DA YA VWM DIET
fex BN, IR A LERT, BEH. N
FAMEBRT AUERESSH D, EHIE mRNA »
HEM S, mRNA XY/ LEFITH 5 DNA
DIEFRE L LIZERSNS.

L7275 > TERESCEEMFOREN 2 BrviE
EEL NIV TH AR, FNIERT  AEZHRIC
L YFEARNLTEEND L. 7/ LIEHRIE
KOBERSLERBIZEBE T VT A6 E—
BT (R /Tﬂ/ﬁ‘;ﬁ‘%,u) ThHb. BH—EEGT
FBETIER 0BT/ ABHI D E ZNIERE)
Hh, TOLDEEDETRIIEL. 7/ LE
2L EAARDOERIREDOWICS—I—TH N, &
HDTHEBELPLT V. Ll ZL0%4s Fh
FEAEF T E vy, £ < @*EEF%@%WV% (com-
mon disease) DR E 3 B —&(EF s, 2
ﬂ%d%ﬁ%ﬁ%tiwﬂ‘%<@@h+&%
BERNPEBRLTCVLEEZLNTWS

EHIEZEOBRIEREDREREE 2 Fill L
f,%WMﬁ%%%ﬁé*&T@% f/A%
EHEEIZHAV GG, B—BEFE IH
WML BN FEET A T/ LAEDER f*fi,u,\
FRENTFHTZXEDT, BIEOFHEEXEZZN
v 722722y M UORER ST
TCIFHEENETEN TV AY

UlED@EwmIE TN CEBEHBERIIO T/ AlE
HIZOWTOLDTHA. FRINZL, BT
) LIERLEECTH L. UEIL VBT 2120
WTITEEEZT, BUSIEZF 2 EPERES
i, EYREERL T RN
BIEMbhoTwr UL, BETIRES
S LB OEECRERT A LR
TWnanY,

CERATHLEE) D

I .49

2 T/ LEERFEDOERR

a E%%ﬁ
b LEEH A FE R S 4172 2003 £ LLRT
K%f/a£@7~ﬁ_%bﬁéﬁﬂuﬁbﬂ
7o BEICERIELN Y= =AY A s O
77 4 M (short tandem repeat polymorphism : STRP)
THb w4 r0F774 " DELIE2~4148
ﬁ:@'r“ DR LBELFI O DR L EIEDENIZL S
RTHs, LEWEEREIES, LiITLIE
&TUw®éﬁﬁ#ﬁE¢ét%7—ﬁ—kL

TEL TS, &% /4 FEiiv—h—% 300~
500 EREERET Ll v —7— cowfﬁﬁ
1000 X7 LaF FEBEHNN—T&E22LI1I%
n, ﬁ‘/-avgfi??ﬁ LA DVAS iéﬁ¢ﬁchﬂb\
BIENTED (&K 1 AENED—1EE

% %1 (single nucleotide polymorphism : SNP) #*
HubsZbbdhs).

SESENT (1285 A M) v o ESEERAT) ™ 1X
BB FREEDEREEMZRET 572012
DTHENEFETHL ~— 7 — B LE
?IVW®@ﬁ%ﬂ%LTM%®n@¢L@M

BAEBETSH ST AN v 7 EBEBTETD
oD ZNE A TIWVELERIZHE ) RREHRVE

THb. HLOERFBEREOEENMIONTE
BRG] E 7/ & BIZE A 7249 300 ~ 500 D
~A 7t T4 N =IO TOERLE
T = H I, EPEREITIC L EE R
CEET A (A LETEEBILHL)T—T—%
BWETLHIEDNTETHEL. /ST A ) vy
EHEBWTIIRELEIIE TV Ty F{EG
score) & 3K, T v NEAT3 %8B 2 WIEEHEH
BT L WHEM BN BB E T & E

BInE, ZRFERIIST A EHERIZETE TAHY—A =i, EEEOMKIER
WL BT 7 LIBRVPBENTH A » T/ CREEBITF X E257. EEHBT OB AL
WA DRI LTEYT / LEERDPEHTHS ) TE, &IE EM7LVITY X4, BEBhvila
. RIETIIE 4 OE DS DS %217 TERELERAVELOBO TERETH 555,

Linkage package, Genehunter, MARLIN 7z & D
E ST AR /7 AT, BT A e L C B EOBEES T 240 A AT GRIEHE rﬂ’]?(ﬁ(%@ TE(L-
2508 RRCIEIETHNTS. 2B—UORRE LIZBITTA00 /2357 A8) 2 7 ERTH 5.
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50 £28 AHEEORRICAIIICRERE (BRI S )

DYV a—5TUSTADRMSNTEY, H#
THHWLZ ENTELY

rmeziE BUBLAeLERBIEY &7
T, RBRMEE S R ER ME 14 BE (familial ju-
venile hyperuricemic nephropathy) T (& 3 £8 % #7
(ZE D 16pI2 IZFEET AV —H— & DEH#HI R
HaNY, Fok, ZFOHHTIZ UMOD (uromod-
ulin) BEEFAEREEZF L L TRARREINT
WA

INT ANy 7 EBEREATIC LD Z L OERR
DEFEEBZFVEL 2o 2%, 7/ LS
FOBKRIILZRFHICAD» o7 fob 2 X B
R, BE) v F R OREIIESTLER
FORRTHL. FTERBLIZON »8F X
Ny 7 EEBITTH AT RIS FOFRTE
BRI E AT, FiE I
M UEBIIAP o RAET S CED, AlEsdt
BLTWAEY ) LEDEMERETLHETH
A, L L, BELNL ) LNTXN) v E
SHREATIZE AT ERTD L e o 72 RE I
TINRFIIEE o/l &b, BT AHTE
WAROPoTH AT NVEBEEFREIIER -
T, ZOHEBTHEEZTE2RETAHILENE
B TIE ol l EilH B,

T/ LD A RBEEREN (GWAS)

JUIST ANy U EEBITIRSTES L
T2 LT A FEERENT (genome-wide as-
sociation study - GWAS) T&H 5. N7/ A4
FDOEERNZDOCTREORE (/2L 2 1THER
TROFE) L BEND L0890 »EEDL HiE
Thbd FEENHLEMILTLOIERLEL
FEDHLLE L. FOEAIE, e b7
L BV ESETN T E &) BENFET L5
Thh

EHEATE L, EBRELEORBEIIHL D
DEGOT )V NVOBETHE. -LziX &
— B (A/C), BEZEEAM(T/A)ICE LT, F—
BAINSAThDEEHEMAITMILEE LD
LT ThAMTREMNE WV L &, EENFEH
HbrEvd. L LE—EBAIEEIZFEET 5

fLThh, F—EAEEEBAOMIEENE
EaHILUE, ETEMLEELHEETSL Ih
NEBEITNFHEZFBA L -HEBTORE T
»H5Y

L2 L, ESERIT & BN TFEOEWL, &
$EAS 10" X 7 LA F FOMEEIZH BAD g
LT, EEATEHILI0°R7 AT FRETH
AEWH L THAL FlEEERL-T, &
AT EORSEEITEEEDOHATICL o TK
ELRBLAL, Lo T, &7/ 2884 H
IN=F IOV ELET =7~ 10 Eh &
9. Tz, EEETIL 300 ~ 500 D7 —
H—=TITH T EMNTELD, EEATFE % FIH
L7-BAE BT TIL 30 ~ 50 HFED Lo~ — 75 —
WUEELZLDTHDL, NETOHED~—
H—H BT A OIS, H ) GWAS D
FTEDSHENTC.

EHEBEWTTHW ST —h—idw A s ot
T4 hNT—=h—Thorh, EEINFETH
W BB I ST — A — ik — S
BMTHbH b FMERITIEHO TEZED SNP 2F
FIEL, &ML 10 FEEEDSNP 2 w727
J LT A FEAEBRTSIThNY 20k
HapMap 7’0 ¥ = 7 F A3Th i, BT
Ty 7 OFRE AT = —E R T AL
7o BEEAFEET Oy 7 L, FOHRTIERY
SEVCEEANFEHEOFET AT/ L LOFEETH
D, kb~ 10kb DES DI ENE . LD
fER, T HEO SNP & FH\ /2 GWAS 251TD
AL o72"

R THEIIZ GWAS % 1T o 72 DL LR
OB O TSN —TThHDEY, BEHOHLIL
2002 A LEFEEIZK L TIT O 72 GWAS T
HAED FoE BEEVITFEHRELE
GWAS 7547 b 72" b A E LI TR
GWAS # 3 % L 72 @ 13 Klein” T & 5% (2005
). F LT 2007 2 Wellcome Trust |2 & 51
K7 —5%4 L1272 GWAS 77— ¥ 953+«
SN HEFAYIZ GWAS AL S o 7o F D%,
GWAS 21T 5 /2D F v Tida~v—3 v )vil
SR ENL LI > THEIIE-> TV A,
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R

1 2 LER . 5]

B - S A

I

e

1 5/ LTUA FEERET (GWAS) IF R DR
GWAS [FEAHCT / LOZERIECEEDZHRIEDREEZ /DR THD.

GWAS IZERAGIZT ) L DEHEERED
SHEOHETFANLWETH L. BEIIHEA
LNV THIEL D 5. mRNA, &H, o
TR, EE EAEDREEZLANLTE
BIZEET S, 72k 2 dmRNA DEHEE, &
A, IO FoE, MIAOEPKES 23R E
THH LAl BLBEEHLEEIEALA
VOB THY, -2 35E KE EAD
BiE EYEISERETHA

WEA D GWAS IR EDFEIZ DO W TITb
7oLl REICEMRGHEEMRE LT
b B LR S I FRMiy
WERIZITON B LI ko7 F/ £HE
B EMEL GWAS DX R EL D H 5. 12& 2
2 LENO QT M, MEESRETHA

EALFERER R M, MEEZEE D GWAS
DR ERY, /o8 ZITMEREMEIZEES 2
BIZTF 7 ENFEMICEBIT SN TE Y, £H]
DT AR —BIEFVPEET LI DD
No T 5,

¢ =T —&RN-EER

GWAS IZ L ZBITIZL N ZH 0BT EF
EoMEMAERSN. LaL, 2z
GWAS ClIE— Bz FERBIZHEET B8R F
REFZIIEAERRTEZ ., ZOHEEAE,
GWAS TXf& & 72 A SNP L BRI BEE D & \»
SNP A% <, HHEDEWVSNPIZE TN T4
VWS Th B, RO SNP I HEH L
WERIZXATREENSE L, FNEFNDOZRAIZ
FHOERETHAZ L LIELIEDH S FO L

COENAT VT LPBES LAY

VNERWHEEOERE LE & OFEIL GWAS
TERTAZELIIEETSH S

72, GWAS TER S 7-MEEETFIZ L
LEIRENORRITHLEN /NS, BREINT
NXTDHOSNPDORRETEDTL, WFI5ERE
5155 7B ) (heritability) T #BA 4 5 (Z
EDOREBHFINE R LN EFMLN T
A ZOF v v 7 (missing heritability) % 2iE7§
HERELT, HENMKS MROBEBNAEED
HFENERENLTVSE. FNo0EEIIEEE
D7z GWAS THERSNT, BoTWn5HT
BEMED B B

BEREEBZFOBEMILEIRON T VLGS
B —FErHeiy — 7 s — (EER
FIOGTEBE) X TakErEZE L2 b
7 LAESIOWESR, HapMap 70 =7 b T
HAwbh/zy—o 20— |JIdRSDETRRE
Bhotz Ll &AEAINLVHDY SR
R —r -z hTceidse
LEEARVLOTHY, BReT /LT —
YR BB TUETAZENTEE LI
7o 7ol I BAETI0~ 10X 2 LAF R
BEDY -/ IV ANT25L)1hoTE
7. FA AL, SNPF v TTIERL, V-
7Ty —5BNTT LB TFORENE
MCTEBLLHIIIRD.

Y, AAOET ) LEVIIHRETESL L)
|27 5 72,2007 1213 > H— R & D Ventor
2008 4E |25
EEN7 Watson DT LAEEFHII KRS — 2
Iy —xHAWTiITbhs? BERAOES

Exo
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52 H2E AHEBRORRICHITIZRE (R0 & BERE)

nk

LEEFN G 2010 F 2 B AL Eﬂ/LU1 D
‘jlf‘lﬁ'

L7 DETIEET ) AR 2% BET
Hbd. L oT, 6x 100 X7 L4 F NEE
EEZLNA TV VY DOEBOMEERIC
HHT 2 HEIEESN(Z Yy F T
Fr—F) INEFHWCTEr /a0y
mmmxﬂadmiﬂi%<®Lmr®@@#

HRTEDLUREMENH L BIBDO LS (2

IS ANy 7 EEERTII A T IVEIEERC
METALIEBOERD-DDEHLRFETD
L. Ll EHEMEAT TR 2 A EEILIER
WL 10 X7 LAF FREETH L 2 O
DLy B EFD I L2 L DEIENISER

’F ETLERTERTELY

7o BB BB TIERRBERSE SN
;wb&%L TLIEHAE FDLHRGEEIN
T ANy 7 EEENT i7F_T*“7F360), ik
SEHEI YV COEFZFEDZ EIZE ) ERE
BARKRTELY '

Lol MIED 1 DiFkit s — 27 2> —
WL ABINILT LD 100% EL L idmnwz e
THhd ImEZTT—DOEENI0TH-o/2

LTy, 6x 10 X271 FF FiZid 600 @D
P8 o /o — MR % B (SNV © single nucleotide
variation) 75‘7“7}:?‘%;_3: A LIzho

T ORMRY -7 I H-TERSANERE
ﬁ/w7&o%ﬁféﬁﬁﬂa% AN

X5l HH—ECTEOER B TET
L. BB E, BEULOZENERLTED

18~ DEEDERA
AERR S LB 72

MRk E LTS €L T,
Kﬁ1ﬁ@@@ﬁﬁ S B IO

A EDE DEE, TEORE»HEtE
i3l ?(BH"ZQ 3: \ZhnZ. HARIERD D Tl
HTHrZ L LIELIETHA. FLERDE

itA%@%é REOHREILT
INIRRY - Y- th v TNOEMTHRE
5:tﬁ%w%oabx LThb.
%@%%%@f/A%ﬁﬁ%&~7l>%~
HWARASII LT - TA, LA L, L
PER 4O BT, SNPF v 7O A £ 750

TR T,

BTHb.
mmﬁ>—71y% RIET ) L OEY e
%ﬁﬁlﬂbﬂ(lﬂ% EES /L0 —3
LRSI, BAETIEY AV AEE
ﬁéT% EllleoTWwA Filt, 27 DR
7LD %%@7D7{MWﬁ“%éﬂf

FIUI LA EBEMEIZIZEBERRERTIO T/ 2
O L TlROTEVWERENEET A (]
%~ﬁﬁh%'@ﬁ@ﬁ%%@ﬁ?/A:%@
TAHAEBRBLHEET A, TOLI T =9 A
BRGNS, EOBENE] iﬂ%‘f 0)75‘( f“‘?
FRIZERT 200 DEHOMFEDITHR

SR =0 I U3 EHIIERID i%
27 A KMy 73 EHET, o> Ya—
YIERE & BLFIDIFHEETH A T2, ‘—7"‘,%‘371
TEROBERMIT RN R EEEIEI
HH.

3 T/ LBROERKR, FHANDLE

T/ LBERFABRDEOHICEETDES
BADY ) LEREBOT ) L, EHEZT
DT LDERTEC) T ERESCTEH, 2612
FREEMEFICHCLLDIZERT L ERIT4D
IFEHHNTWA '

TSR EEE F ﬂLm%%Eﬁ
EETELMEL AFLIZLNVEIESNL. 4
2, HEREBREEEERHZES JCCLS) & LIl X
HIGEEIDO— LA HIFF S 5.

BEOTE RESLEMISIE) IZFEDT /
LT —H—%FEHETLHIZE, F32200H
DEENSEEIIRSINZITTE R L2, B
BIZTFROBEFHE, £ 0O%E, BRNZE
LR ILEFNIIZEEN S B LA, BEFENIED
FTLER - FRIFEILSELNLHENS
Vo TREOMEEMSE IR T 2 RO HE
(FRE)VIZHVONABETH A PHEIZL VIR

é’*iL%. Lol Zo%es HExERETT)
ZEiIZLh), FORTERGPEAELLTV



YOO MBER T SEETALENDD. L2
@‘m¢®7/A74%%@%ﬁ Aok

LY =N —FFRTLHE Sx107° &0
:@bf@wpﬁﬁ%EQ%U‘L#%@zt
AL ZBRMESLETH S,

L2L, BECHEESEZ AT PHELZITTIE
+a TRV BEEOBEZRTHRERT A XD
e, E5IEY /A —H—REAL-EE
DFEHBFEREEOEILORE S 2HEET B
ZEH A ER - ARIFFETESNLHET 1
Zig 4 v AW (OR) TR &AL, BREDE
Gl v ALEHFT Y A7 TR EFIH N
Who EHL EFFEORTOBREBRBEDE
S ), MEBHEORTOBREREDEE (5
LE)x CELMRDIELCIEETLILEN D

EHil, EFOPOMREGED A % PR E
1 DO FE “Z(I’% £ 89 5 2 (positive predictive
value PPV)), EWN#JMG*VW&@JV&ﬁr“

% b 72 70 WHEEE (P& A9 28 (negative predictive

alue - NPV)) %?[E'ETZ) EDEF L, R
F&H#EFFirvU SHEOTZE THET X 58
PPV. NPV £ EMHRAE(aFR—- PR E)IZL
NHFETE S, GG - FEEHED 5 PPV, NPV
%%%Téf@ﬁ@ﬁﬁﬁ%ﬁ%?%%%#%é

r;gtg

%04MDFﬂ

FTENFEN PTVEEN L, BRELEFEE)
%w:_ L WEERICAORZLIEZHET5 2
ETHE. BREFBO TERNE X2 iWF%
HEENECTHLPPVIZEVZ & LIE LI

HoH Thbb BMETERCHAL BEIH
ESNEADEESCEY R R T L
EAPPV 2 DOT, ZOENE 2w ERBRRE
%@%iﬁiﬁnfé Voo F 7 L HE
1/MAﬁffi% S L 72 WHEEE (NPV) &

%<@%ﬂ e bpvy, TNHDOEITEHIER
TEZHDEIZTHBOTEELERTH A,
m%mﬁ%ﬁ%%z%azf,@g.%i

. PPV, NPVOIEEBIZIEETH L. L2
Fiuzhnz %fﬁ"”f@Ef“V 7!771(*’?(#?

,,,, EEFFN2AELR ELEREDOMR
THih, ok zid %%:ZM}@FH‘H’F)EE ZR9E T

—

1 T/ LIBER . 53

%f//v~w~ﬁ%o#o#a¢% z0y
— - OFEREEENFRAOEERIZLE

%?%.ébk,#/b? H—OEEERL
FBRVHE2THAH. EEORE FEHTALS

LT —=A—THIUL FHESCHEEEDEE
LERMEICEGRT S o2 EE L TR
FHRESREINIHE, EBIZFNEHEST
FESICHWAZ L2 EEL T L0

fmEEEY, Ry, & 09RIRE (ELSI ¢ ethical, le-
gal and social issue) b+ EE T LULENH L
ELSI D EE 34 ML R EREROSLE
FIZREWD, BB RSLERBROS
Bl wn

T LN =T —DERRCF AN DA

T LA =3R4 B CERRISHE S U
TWab BOTERZTEILT ) AEEE LR
(T AT /) L —h—ThhA EEIIWNTS
) LR —H—OFBIIBIED Y -y b EL
TOIEBIEENET > TV EH. REOFHE
ANDERIEI N TH 5.
ERN 3 E IR Gy P
B — L EYORE, BIER L OFEME
TWh, L DAFTA—T > A -
{E#E (Stevens-Johnson syndrome - SJS), TEN (toxic
epidermal necrolysis) O J& [£ 25 HLA D4 ED T
DVTHBEI Ehibroiz. 7o& 218 HLA-B®
1502 £ Vo3 < E ¥~ L A SIS-TEN®
HLA-B*5801 & 7 1 7 ') J — LI X % SJS-
TEN" 2 & Thab Lrd, HETLHLAT
JIVIZERIZE W ELA725TIE R, ATELL
;OT%E%%,:hiMAYU»®%%ﬁ
NEIZL o TKBIZELENLTHS

72 & ZALH :f”ﬁ@ﬁ WA NN L SIS/
TEN OFEIXERBETEEINLY. BEA
EEATIEE LA HLA-A®3101 5F8E L T W
™Y Fas) ) — )k HLA-B*5801 & OOF
BELERBEICBWTHRWA, ARATHR LY
EAREEINT B L DO HLA-B* 5801 E{5F
DAL S T T /37 ¥V & HLA-B®

) LY —
SH XN

TarIVIE
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54 $2E SHEEORRICHIICERE (BT s KEm)

5701 L DBEIZOWTIIERBICEEZTHREY
ToBEDIID) D Thhhro-BEL )EIERD
Lozl EDRESNTWAS?

BEBIIBWTEA VAT EE Y, a7
J =V EIZ U TIRAT AANCILERFRED

EHFOTHILTVE. £HIZ LN SIS/TEN O
BEZROTIENTELEHFESN TS,
PHETIREERORNTEIZY ) LEREE
TFHROBEREIPEEHEINTHELDIEH LD (A
1) )54 & UGTIAI, B V<Y v &gt
D HLA, 77—V ERHRD HLA)Y, &
EFREPEZLINT VS H D] ifws vl
LEFERIE B IIAIRV TV A D TERERD
ISHRIZHAWLENE & Bbis.

D EGAESEMBRTI O 7 A S L A5
AR =N =IOV TDOLDTH A, &I TIE
AR ) LEER Y ) A==k LTH,
LIRS EOIMENFHR T WS, 72& 2187
T4 FZTOREZHICERT 5 EGFR &1z
7 kY F T ORTMICEZRT S K-Ras
BIEZFY, vemurafenib DENEIZBI 54 5 BRAF
BERF R ETHAE.

4 FEHEBROERIRICEAIT-HE

FHERD-OIZIETELRD EHEREED
Tl % ?5%%%%% Flae s s EBHROTH
WHWENDLEA T+ A7 43— MAINS
A HORIZERO) A7 BETO ANIFEL
BWOT, §XTOADFFTHIIZRHATNET

HBH, EVIREIZEL 2, LTEIZIE
CTABIEEALFELZVOT, ZZNLIRA
TARETEZY, Le)wRBLELL Y. &

ENEHLWLIEHREEDT, HFEDOEL LD
BETEWEEITLFEUINE APRATX
ETHA.
ZDEH)RTFEOTIZHESIN Y 7 b7 x
THFRAX® TH Y, K7V yEIRzERLT

WY FRlOoIZ I3 FE E B, 4
E OBINE BE Tro- L, KEEHR
(BMD). BEY) v ~FDOFEE, A704 FiR

%&& CORFEZRN)ANT WS, FO-8
17<@Aﬁ#bﬁbhfﬁif 7Y

c%é i Wn IBARLEBEREFIIVE
THAD, FNILILIVERLZEERBEN ENT
E 11%1%:1“;5?5%)3‘%%72@/\&L:ﬁ*ﬁﬁé‘]mﬁ# c

EHZLAEEZNIEL(LTELERALTNT
H5H. L»L., FRAX" DISHIZ DA E TILE
KEDEATIIZNL ) THA.

WESIE A2 5—T720 k)N 22
L2 CHFAEROEIOEEL, Fi
{1 VAR, TAILZADBEE, AST/ALT H.
[L28B A (BEOEZE), 7V 777 b
EEOSHEHF*HAVTOI AT 4 v 7 ERETF
VTFETAREL L TWEY .

LorL, HDAEOEMIZIZOX ) 2HEENZ
ZZ BN TRV, T A S OFRKROFHEE
CEHBRWMICKE, 4 v XM BE BEE
PPV, NPV 2 YO &7 5 L (BT
HEb %, BHTE, WGETAVLTLY
100% BT AT Tl v & 2 iRl [ERK

T EICEBNTVA. bOPETIRERET
B EETAOERI100% FEITE A L)
EZELDANADE L, BAn FHEICESEY
BEZ2Twh #HERTAXAT 4 THRTRER
1%%%$TT%# NI R B o

ELESL2/BLRCHEHLHETHA ).

T LAT—=H—I12& D 100% FEITE 52D
100% DEEZEX L OBE—BIZFROBETH
B, TOMDOBHEINTEROEIZF L EROBR
BERPESLTBD, FElIL 100% Tidz <
EEHTHLZEEZHMAUEND L. SV
E, EHERIOPETILAFIEERESY L5
RS 2 H 5.
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EEBEIOT14-

MBEZ (BREHRI— 2 1 VERBTMEMME, REXFERKEZEEHE, ABMEEARERE
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Abstract

Objective  To explore whether synovitis and bone lesions
in the wrists and finger joints visualized by plain magnetic
resonance imaging (MRI)-based findings correspond
exactly or not to those judged by gadolinium-diethylene-
triamine pentaacetic acid (Gd-DTPA)-enhanced MRI-
based findings.
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Methods Magnetic resonance imaging of the wrists and
finger joints of both hands were examined in 51 early-stage
rheumatoid arthritis (RA) patients whose median discase
duration from the onset of articular manifestations to entry
was 5 months, by both plain (T and short-time inversion
recovery images) and Gd-DTPA-enhanced MRI (post-
contrast fat-suppressed Tl-weighted images) -simulta-
neously. We focused on 15 sites per hand, to examine the
presence of synovitis and bone lesions (bone edema and
bone erosion). Gd-DTPA-enhanced MRI-based findings
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were considered “true” lesions, and we evaluated the
accuracy of plain MRI-based findings in comparison to
Gd-DTPA-enhanced MRI-based findings.

Results  Synovitis, judged by plain MRI-based findings,
appeared as false-positive at pretty frequency; thus, the
specificity, positive predictive value and accuracy of the
findings were low. The rate of enhancement (E-rate) in
false-positive synovitis sites was significantly low com-
pared with true-positive synovitis sites where Gd-DTPA

enhancement appears. In contrast to synovitis, the false- .

positivity of bone lesions, judged by plain MRI-based
findings, was very low compared with Gd-DTPA-enhanced
MRI-based findings.

Conclusion Synovitis judged by plain MRI-based find-
ings is sometimes considered false-positive especially in
sites where synovitis is mild. However, plain MRI is
effective in identifying bone lesions in the wrist and finger
joints in early-stage RA.

Keywords Early-stage RA - Plain MRI -
Gd-DTPA-enhanced MRI - Synovitis - Bone lesions

Abbreviations

ACR American College of Rheumatology
CRP C-reactive protein

E-rate Rate of enhancement

Gd-DTPA Gadolinium—diethylenetriamine

pentaacetic acid

HLA-DRB1#SE HLA-DRB [*shared epitope

RA Rheumatoid arthritis
UA Undifferentiated arthritis
Introduction

Magnetic resonance imaging (MRI) reveals joint inflam-
mation and damage in early-stage rheumatoid arthritis
(RA) [1-4] that take the form of synovitis and bone lesions,
including bone edema and bone erosion [1-4]. As active
synovial lesions in patients with RA are rich in vascularity,
gadolinium-diethylenetriamine  pentaacetic acid (Gd-
DTPA)-enhanced MRI-based findings have become the
gold standard to evaluate joint inflammation and damage in
RA [1]. Accordingly, by assessing Gd-DTPA-enhanced
MRI-based findings of the wrists and finger joints of both
hands, we have determined that symmetrical synovitis and
bone lesions are important predictors of the development of
RAin patients with undifferentiated arthritis (UA) [5-8]. In
" these earlier studies, we did not specifically compare
Gd-DTPA-enhanced MRI-based findings with plain MRI-
based findings. However, Gd-DTPA-enhanced MRI is an

expensive diagnostic tool compared to plain MRI, and
Gd-DTPA can induce serious adverse events [9]. Thus, if
plain MRI is sufficiently sensitive for the purpose, it should
be possible to reduce both the cost and the adverse events
associated with Gd-DTPA by using plain MRL

The aim of the study reported here was to determine
whether plain MRI-based findings are effective in evalu-
ating joint inflammation and damage in carly-stage RA in
comparison to Gd-DTPA-enhanced MRI-based findings.
Our results suggest that plain MRI is a sufficiently sensitive
diagnostic tool to evaluate bone lesions, but that synovitis
determined by plain MRI-based findings may on occasion
appear as a false-positive, especially at sites where syno-
vitis is mild.

Patients and methods
Patients

The Early Arthritis Clinic opened in 2001 as part of the
Unit of Translational Medicine of the Department of
Immunology and Rheumatology of the Graduate School of
Biomedical Sciences of Nagasaki University. It is a
regional center for the treatment of arthritis, with patients
from the whole western part of Japan, Nagasaki Prefecture
(approx. 450,000 inhabitants) being referred there for
treatment. For our study, we recruited 51 early-stage RA
patients from this clinic. The disease status of these
patients was formally confirmed by a rheumatologist in our
department, and a diagnosis of RA was based on the 1987
criteria for RA of the American College of Rheumatology
(ACR) [10]. Baseline clinical manifestations and variables
included sex, age, localization of arthritis, morning stiff-
ness, number of tender joints, number of swollen joints,
C-reactive protein level (CRP; measured by latex turbidi-
metric immunosorbent assay; Daiichi Pure Chemicals,
Fukuoka, Japan), immunoglobulin M-rheumatoid factor
(IgM-RF) positivity (measured by latex-enhanced immu-
nonephelometric assay; cut-off value 4 IU/ml; Dade
Behring, Marburg, Germany), positive status for anti-cyclic
citrullinated peptide (CCP) antibodies (measured by
enzyme-linked immunosorbent assay; cut-off value 4.5 U/ml;
DIASTAT Anti-CCP; Axis-Shield, Dundee, UK), HLA-
DRBI genotyping, and MRI findings for both the wrists
and finger joints, as previously described [5-8, 11]. All
variables were examined on the same day, as previously
reported [5-8, 11]. Each. patient provided a signed
consent form to participate in the study, which was
approved by the Institutional Review Board of Nagasaki
University.
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MRI of wrists and finger joints

Magnetic resonance scan images of both the wrists and
finger joints were acquired using a 1.5 T system (Signa; GE
Medical Systems, Milwaukee, WI) with an extremity coil.
Ti-weighted spin-echo (TR 450 ms, TE 13 ms) images,
short-time inversion recovery (STIR; TR 3000 ms, TE
12 ms, T1 160 ms) images, and Gd-DTPA-enhanced ima-
ges were simultaneously acquired. The images were eval-
uated for bone edema, bone erosion, and synovitis in 15
sites in each finger and wrist: the distal radioulnar joint, the
radiocarpal joint, the midcarpal joint, the first carpometa-
carpal joint, the second-fifth carpometacarpal joints (toge-
ther), the first—fifth metacarpophalangeal joints, and the
first—fifth proximal interphalangeal joints (PIP joints) sep-
arately (a total of 30 sites in both hands), as recently
reported [5-8, 11]. The presence of synovitis, bone edema,
and bone erosion was evaluated according to the methods
described by Lassere et al. [12] and Conaghan et al. [13], by
two experienced radiologists (M.U. and A.F.), and decisions
were reached by consensus, as previously described [5-8,
[ 1]. Since the focus of our study was to compare MRI-based
findings and Gd-DTPA-enhanced MRI-based findings in
terms of their accuracy in determining synovitis and bone
change, we included bone edema and bone erosion as-bone
lesions in our study. Gd-DTPA-enhanced images were
obtained by intravenous injection of 0.1 mmol/kg of
Gd-DTPA (Magnevist; Bayer Schering Pharma, Berlin,
Germany). A dynamic study was performed to evaluate the
vascularity of the affected joints as a rate of enhancement
(E-rate), which was determined by examining coronal
sections taken at 4-s intervals over a 150-s time period with
fast spoiled gradient recalled acquisition in the steady state
(SPGR) sequences, as previously described [5-8, 11].

Comparison of plain MRI-based findings
and Gd-DTPA-enhanced MRI-based findings

Gd-DTPA-enhanced MRI-based findings are the gold
standard for evaluating joint inflammation and damage by
MRI in RA [1]. Thus, we assumed that Gd-DTPA-
enhanced MRI-based findings represented “true” lesions
and subsequently calculated the accuracy of plain MRI-
based findings, comparing sensitivity, specificity, positive
predictive value (PPV), negative predictive value (NPV),
and accuracy.

Statistical analysis
Differences between the groups shown in Table 4 were
examined for statistical significance using the Mann-

Whitney U test. A P value of <0.05 was taken to indicate a
statistically significant difference.

@__ Springer

Results
Patient characteristics

Table 1 shows the baseline characteristics of the 51
patients with RA enrolled in our study. Since the median
disease duration from the onset of articular manifestations
to entry was 5 months, this study population was consid-
ered to have early-stage RA. The median Genant-modified
Sharp score of the 51 patients at baseline was 0.49, which
also identifies them as early-stage RA patients. The rates of
seropositivity of IgM-RF and anti-CCP antibodies were
62.7 and 74.5%, respectively, and the rates of carriership of
the HLA-DRB1#0405 allele and HLA-DRB 1*shared epi-
tope (SE) allele were 44.0 and 56.0%. These characteristics
of autoantibodies and HLA-DR typing indicate that our
study population manifested typical RA characteristics.

Synovitis and bone lesions of the wrists and finger
joints of both hands according to plain MRI-based
findings and Gd-DTPA-enhanced MRI-based findings

Among the 1530 sites of interest, we were able to evaluate
synovitis in 1416 sites on both plain MR and Gd-DTPA-
enhanced MR scan images. Synovitis was considered
positive in 65.6% of sites (929/1416) according to plain
MRI-based findings, but was not found in 316 of these
929 sites by Gd-DTPA-enhanced MRI-based findings

Table 1 Demographic features of 51 early-stage rheumatoid arthritis
patients

Demographic feature

Value

Gender (M:F, % F)
Age (years)

Duration (months)
Distribution of arthritis

Symmetric (%)

Only upper extremities (%)

Both upper and lower extremities (%)
Genant-modified Sharp score
Positivity of IgM-RF (%)

[gM-RF (1U/ml)

Positivity of anti-CCP antibodies (%)
Anti-CCP antibodies (1U/ml)
Positivity of CRP (%)

CRP (mg/dl)

Carriership of HLA-DRBI1#04035 (%)

8:43 (84.3%)
52 (19-80)
5 (1-28)

824

27.5

72.5

0.49 (0-8.58)
62.7

18.0 (4.5-395)
74.5

24.3 (0.6-2115.3)
70.0

1.14 (0.03-11.13)
44.0 (diploid: 8.0%)

Carriership of HLA-DRB1*shared epitope (%) 356.0 (diploid: 8.0%)

Values are given as the median with the range in parenthesis, unless
otherwise stated

M Male, F female, IghM immunoglobulin M, RF rheumatoid factor,
CCP cyclic citrullinated peptide, CPR C-reactive protein

— 162 —



Mod Rheumatol (2012) 22:654-658

657

Table 2 Comparison of plain MRI-based findings to Gd-DPTA-
enhanced MRI-based findings

MR{I findings Gd-enhanced MRI Total
Synovitis (+) Synovitis (—)
Synovitis
Plain MRI
Synovitis (+) 613 316 929
Synavitis (—) 175 312 487
Total 788 628 1416
Bone lesions
Plain MR!
Bone lesions (+) 92 9 101
Bone lesions (—) 22 1378 1400
Total 114 1387 1501

Synovitis were evaluated in 1416 sites and bone lesions were eval-
uated in 150!sites as described in Patients and methods

Gd-DPTA Gadolmxum~dluhylencummmu pentaacetic acid, MRI
magnetic resonance imaging

Table 3 Sensitivity, specificity, PPV, NPV and accuracy of synovitis
and bone lesions according to the plain MRI-based findings®

Sensitivity ~ Specificity PPV NPV Accuracy

(%) (%) (%) (%) (%)
Synovitis 77.8 497 66.0 o64.1 65.3
Bone lesions  80.7 99.4 9.1 984 979

PPV Positive predictive value, NPV negative predictive value

* Gd-DTPA enhanced MRI-based findings were considered as gold
standard; the accuracy of plain MRI-based findings were compared
with Gd-DTPA-enhanced MRI-based findings

(Table 2). These data indicate that some synovitis that
appears positive on a plain MR image scan is, in fact, false-
positive. Bone lesions were visnalized in 1501 sites by both
plain and Gd-DTPA-enhanced MRL In contrast to syno-
vitis, the false-positive rate of bone lesions based on plain
MRI findings was very low compared with that based on
Gd-DTPA-enhanced MRI findings (Table 2). The rates
of sensitivity, specificity, PPV and negative predictive
value (NPV), and the accuracy of synovitis and bone
lesion readings according to plain MRI were determined
(Table 3).

The E-rate in sites of false-positive synovitis
was significantly low compared with that in sites
of true-positive synovitis

For the purposes of our study, the sites where plain MR
scan images were positive for synovitis and Gd-DTPA-
enhanced MR scan images were negative were considered

Table 4 Comparison of E-rate in sites of ia]supouuve synovitis
with sites of true-positive synovitis

MRI tindings N E-rate P-value
(sites)  (mean = sd, median, range)

8.1£5.1(6.9.1.2-50.1)

A. True positive; © 366
plain (+), enhanced (+) IN.S.
B. False negative; 57 6.8 #*22(6.5,34-14.6)

plain (), enhanced (+)

C. False positive: 121 5.7%£2.2(6.0, 1.4-14.5)
plain (+), enhanced (-) N.S.
D. True negative; 298 55%1.7(55.14-12.3)

plain (=), crhaneed (-)

We compared every E-rate by Mann—Whitney U test. P values are as
follows: A vs B, 0.19; Avs C, 9.2 x 107'% AvsD,35.2 x 1078 Bvs
C, 0.00096; B vs D, 5.3 x 107%and C vs D, 0.20. It is interesting to
note that E-rate of false-negative synovitis sites tended to be low,
hawever, there is no statistical significance as compared with true-
positive siles (see A vs B). E-rate of false-negative synovitis sites was
high as compared with false-positive synovitis sites (see B vs C)

¥ P value <0.0001

to be false-positive sites; the sites for which positive results
were obtained using both MRI imaging techniques were
considered to be true positive sites. The severity of syno-
vitis was compared by the E-rate of Gd-DTPA-enhanced

" MRL As shown in Table 4, the E-rate of false-positive

synovitis sites was significantly low compared with that of
the true positive sites.

Discussion

Recent reviews have reported that plain MRI-based
findings of bone lesions can be substituted for Gd-
DTPA-enhanced MRI-based findings, although Gd-DTPA
enhancement is recommended for the evaluation of syno-
vitis [1]. Since the median disease duration from the onset
of articular manifestations to entry in the 51 patients of our
study cohort was 5 months, we suggest that our data reflect
primarily rheumatoid joint damage, rather than secondary
changes due to osteoarthritis. However, there have been
few precise comparisons of plain MRI-based findings and
Gd-DTPA-enhanced MRI-based findings; i.e., both plain
and Gd-DTPA-enhanced sequencss of multiple sites in
both hands examined simultaneously. Ostergaard et al.
reported that Gd-DTPA injection is not important to
qualify the MRI scores of bone erosion and bone edema,
whereas it is indispensable to diagnose synovitis [14].
Our data also show that plain MRI-based findings are
not sufficient alone to evaluate the presence of synovitis.
The severity of synovitis, as determined by the E-rate in
dynamic Gd-DTPA-enhanced MR scan images, is low in
false-positive synovitis sites compared with true-positive
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sites. We speculate that cartilage, synovial fluids, or fibrous
tissues may be interpreted as synovial hyperplasia in these
cases, and we must be aware of the superiority of
Gd-DTPA-enhanced MRI over plain MRI in evaluating
synovitis, especially in the case of less active lesions. The
E-rate of false-negative synovitis sites tended to be low
among our patients; however, there was no statistical sig-
nificance relative to true-positive synovitis sites. Accord-
ingly, the E-rate of false-negative synovitis sites was high
as compared with that of false-positive synovitis sites.
Since a previous study demonstrated that the E-rate of the
wrist correlates with the clinical disease activity in patients
with RA [I5], we suggest that the E-rate could correlate
well with the synovitis score based on the RA MRI scoring
system (RAMRIS). Consequently, findings from Gd-
DTPA-enhanced MRI are crucial to qualify the presence of
synovitis correctly.

Nevertheless, plain MRI is an effective tool for evalu-
ating bone lesions of the wrists and finger joints since false-
positivity is very low for this evaluation. In addition to the
wrists and metacarpophalangeal joints, we identified three
PIP joints as being positively associated with bone lesions
out of 114 sites which were identified by Gd-enhanced
MRL. There was no false-positive result by plain MRI in
these three PIP joints, indicating that plain MRI is able to
accurately detect the bone lesions of smaller joints of PIP
joints. A recent observation (unpublished data) by our
group indicates that the E-rate of sites with bone lesions is
significantly high compared with that of those without bone
lesions [15]. These data suggest that synovial inflammation
is obvious in bone lesion sites and, therefore, that false-
positivity is low in these areas.

[n summary, our present data confirm the recent results
of Ostergaard et al. [14] that bone lesions can be correctly
identified by plain MRI-based findings in early-stage RA,
while synovitis cannot. Based on our present results, we are
currently investigating longitudinal changes in bone lesions
by plain MRI of the wrists and finger joints in early arthritis
patients during therapeutic interventions. These studies are
warranted to establish the value of plain MRI in clinical
rheumatology.
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Abstract

Objective We investigated whether musculoskeletal
ultrasonography (MSKUS) assists the diagnostic perfor-
mance of the 2010 rheumatoid arthritis (RA) classification
criteria. :
Methods  Sixty-nine early arthritis patients were consec-
utively enrolled. None of the patients had been treated. In
MSKUS of bilateral wrist and finger joints from 22 sites,
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the findings obtained by gray-scale and power Doppler
(PD) assessment were graded on a semiquantitative scale
from O to 3. Plain magnetic resonance imaging (MRI) of
both wrist and finger joints was also examined. Diagnosis
of RA was defined by the initiation of disease-modifying
antirheumatic drugs within the first 3 months. The diag-
nostic performance of the patients was evaluated at entry
using 2010 RA classification criteria in conjunction with
MSKUS.

Results  The indispensable MSKUS finding for differen-
tiating RA was the presence of a PD grade 2 or 3 that was
superior to 2010 RA classification criteria or MRI-proven
bone edema. We propose that the decision tree algorithm of
2010 RA classification criteria with PD grade 2 or 3 reveals
the best discriminative ability.

Conclusion MSKUS, especially with a strong PD signal,
is very useful to assist the diagnostic performance of the
2010 RA classification criteria in the early recognition of
RA.

Keywords Rheumatoid arthritis - 2010 RA classification
criteria - Ultrasonography - Power Doppler - MRI

Abbreviations

ACPA Anticyclic citrullinated peptide antibody

ACR American College of Rheumatology

CRP C-reactive protein

DMARDs Disease-modifying antirheumatic drugs

ESR Erythrocyte sedimentation rate

EULAR European League Against Rheumatism

Gd-DTPA  Gadolinium-diethylenetriamine  pentaacetic
acid

GS Gray-scale

1P Interphalangeal

MCP Metacarpophalangeal
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MMP Matrix metalloproteinase
MRI Magnetic resonance imaging
MSKUS Musculoskeletal ultrasonography
NPV Negative predictive value
PD Power Doppler

PIP Proximal interphalangeal
PPV Positive predictive value
RA Rheumatoid arthritis

RF Rheumatoid factor

SIC Swollen joint counts

T2T Treat to target

TiC Tender joint counts
Introduction

Early diagnosis and the treat to target (T2T) strategy are
now indispensable for managing rheumatoid arthritis (RA)
[1]. Application of the T2T strategy using the tight control
approach in patients with RA, especially those with early-
stage RA, has been shown to improve RA outcomes [1, 2].
Thus, the early recognition of RA is a great benefit in

managing patients with RA. The 1987 American College of

Rheumatology (ACR) classification criteria for RA [3] are
not designed for early classification of RA. Consequently,
to identify patients with erosive arthritis early, a task force
of experts from both the ACR and the European League
Against Rheumatism (EULAR) derived new classification
criteria [4]. These new criteria, the 2010 RA classification
criteria, have been verified to classify patients early as
having RA more efficiently than the 1987 criteria; how-
ever, a substantial population is not still classified as hav-
ing RA, even by the 2010 RA classification criteria {4].
Although physical examination is still the gold standard
by which to identify the presence of arthritis [4], it has
come to be apparent that modern imaging techniques such
as musculoskeletal ultrasonography (MSKUS) and mag-
netic resonance imaging (MRI) are more sensitive than
physical examination for detecting joint injury in patients
with RA, especially early-stage RA [5-9]. MSKUS is well
tolerated and can image a large number of joints at multiple
time points over a relatively short period of time [10, 11].
Varying kinds of joint injury, including synovitis, teno-
synovitis, and bone erosion, can be recorded by gray-scale
(GS) and power Doppler (PD) [5-8, 10-13]. We recently
reported the utility of PD to reflect clinical disease activity
as well as serum biomarkers in patients with RA [14].
We speculated that the detection sensitivity for synovitis
would be increased if MSKUS was routinely incorporated
into clinical practice for patients with early arthritis. The
objective of the study reported herc was to evaluate

whether the findings of MSKUS, in comparison with MRI,
assist the diagnostic performance of the 2010 RA classifi-
cation criteria. '

Materials and methods
Patients

Sixty-nine early arthritis patients suspected of having RA
were consecutively recruited. Patients who could be clas-
sified as non-RA at first visit were excluded. In addition,
we excluded patients who had experience with disease-
modifying antirheumatic drugs (DMARDs), including
biologics and glucocorticoids. All patients were recruited
from the Unit of Translational Medicine, Department of
Immunoclogy and Rheumatology, Graduate School of Bio-
medical Sciences, Nagasaki University, and the Depart-

“ment of Internal Medicine, Nagasaki Municipal Hospital,

from May 2010 through February 2011. The duration from
the appearance of symptoms to entry into the study in these
69 patients was <I year. Patients gave their informed
consent to be subjected to the protocol that was approved
by the Institutional Review Board of Nagasaki University.
This study was a prospective single-center observational
study. Follow-up periods were at least 6 months.

Clinical and laboratory assessment

A clinical diagnosis of RA was comprehensively made by
Japan College of Rheumatology (JCR)-certified rheumatol-
ogists (AK, HN, SY, and KE) using clinical histories, phys-
ical findings, blood tests including rheumatoid factor (RF)
(Dade Behring, Marburg, Germany; cutoff value, 14 1U/ml),
anticyclic citrullinated peptide antibodies (ACPA) (DIAS-
TAT Anti-CCP, Axis-Shield, Dundee, UK; cutoff value,
4.5 U/ml), C-reactive protein (CRP) (Eiken Chemical Co.:
Ltd., Tokyo, Japan), erythrocyte sedimentation rate (ESR),
matrix metalloproteinase 3 (MMP-3) (Daiichi Pure Chemi-
cals, Fukuoka, Japan), 2010 RA classification criteria, plain
radiography, ultrasound (US) findings, and MRI findings. All
patients underwent the examinations except for MRI every
1-3 months. If JCR-certified rheumatologists introduced
DMARDs within the first 3 months according to the above
information, patients are diagnosed as having RA. Therefore,
notonly 2010 RA classification criteria but other information,
such as MSKUS, MRI, and clinical course, are actually
involved in these processes.

US examination

Each patient underwent a US assessment on the same day
as the clinical evaluation by a JCR-certified rheumatologist
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(SK), who was blinded to the clinical and laboratory
findings. Images from all the examinations were stored,
and the US scoring reliability was examined in randomly
selected patients at the end of the study. This assessment
was carried out by JCR-certified rheumatologists (SK, TS,
AQ, and TO) with consensus. A systematic multiplanar GS
and PD examination of 22 joints was performed with the
same scanner (TOSHIBA AplioXG) using a multifre-
quency linear transducer (12 MHz). The US score com-
prised the following 22 joints: bilateral wrists (intracarpal,
radiocarpal, and ulnocarpal recesses) and finger joints,
including the first through fifth metacarpophalangeal
(MCP) joints, the first interphalangeal (IP) joint, and the
second to fifth proximal interphalangeal (PIP) joints (dorsal
recess). Flexor tendons of fingers and six components of
extensor tendons of wrists were scanned. All joint regions
were sonographically examined in a standardized manner
according to the European League Against Rheumatism
(EULAR) guidelines [13]. These are the same sites at
which MRI has been used to examine patients with early
arthritis, as we previously described [9, 15]. US examina-

tion of each patient took  about 30 min, including
documentation.

Each joint was scored for GS and PD on a semiquanti-
tative scale [16] (synovial hypertrophy in GS: grade

= absence, no synovial thickening; grade [ = mild,
minimal synovial thickening filling the angle between the
periarticular bones without bulging over the line linking the
tops of the bones; grade 2 = moderate, synovial thickening
bulging over the line linking the tops of the periarticular
bones but without extension to at least one bone diaphysis;
grade 3 = marked, synovial-thickening bulging over the
line linking the tops of the periarticular bones and with
extension to at least one of the bone diaphyses; PD signals:
grade O = absence, no synovial flow; grade 1 = mild,
single-vessel signals; grade 2 = moderate, confluent signal
in less than half of the synovial area; grade 3 = marked,
signals in more than half of the synovial area) from 0 to 3,
and presence or absence of tenosynovitis was noted.
Tenosynovitis is defined by abnormal hypoechoic or
anechoic material with or without fluid inside the tendon
sheath and with positive PD signals in two perpendicular
planes [17]. These scores corresponded to the maximum
score for GS and PD obtained from any of the synovial
sites evaluated at each joint. The sums of the GS and PD
scores obtained from each joint were used as the GS score
and PD score (range 0-66), respectively.

MRI examination
Plain MRI of both wrists and finger joints were acquired

using a 1.5-T system (Sigma, GE Medical Systems, Mil-
waukee, WI, USA) with an extremity coil, as we recently
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described [9, 15, 18, 19]. Fifty-four patients were examined
by MRI within a week of their US evaluation. T'1-weighted
spin-echo (TR 450, TE 13) images and short-tau inversion
recovery (STIR; TR 3000, TE 12, T1 160) images were
acquired simultancously. The images were evaluated for
synovitis, bone edema, and bone erosion at 15 sites in each
finger and wrist at the distal radioulnar joint, radiocarpal
joint, midcarpal joint, first carpometacarpal joint, second
through fifth carpometacarpal joints (together), first
through fifth metacarpophalangeal joints (separately), and
first through fifth proximal interphalangeal joints (PIP
joints) separately (for a total of 30 sites in both hands), as
we recently reported [9, 15, I8, 19].

Statistical analyses

Within-group comparisons were made using Mann-Whit-
ney’s U test and the y* test (Fisher’s exact probability test
when appropriate). The overall significance level for sta-

tistical analysis was 5 % (two-sided). P values <0.05 were
considered statistically significant.

Resulis
Patient characteristics and diagnoses

The demographic and clinical characteristics of 69 patients
are shown in Table 1. Thirty-seven patients (53.6 %) were
diagnosed as having RA. Synthetic DMARDs were intro-
duced within the first 3 months to these 37 patients. The
initial treatments were methotrexate in 35 patients, sulfasal-
azine in one, and tacrolimus in one. Thirty-two patients
(46.4 %) were diagnosed with other diseases (non-RA) dur-
ing the follow-up periods, although they could not be clas-
sified as non-RA at entry. The diagnoses of these patients
were osteoarthritis (n = 8), undifferentiated arthritis/
arthropathy (n = 7), Sjogren syndrome (n = 4), polymyal-
gia rheumatica (n = 2), limited-type systemic sclerosis
(n = 2), tenosynovitis (n = 2), reactive arthritis (n = 1),
polymyositis (n = 1), immunoglobulin (1g)Gy-related dis-
ease (n = 1), sarcoidosis (n = 1), adult T-cell leukemia
(ATL), familial Mediterranean fever (n = 1), and phalangeal
microgeodic syndrome (7 = 1). The mean disease duration
was approximately 4 months in both RA and non-RA
patients. The swollen joint counts (p = 0.0104) and CRP
(p = 0.0003) and ESR (p = 0.0009) values were higher in
RA patients than in non-RA patients, but the tender joint
counts were not different. The seropositive rates of RF
(70.3 %, p = 0.0002) and ACPA (62.2 %, p < 0.0001) were
significantly higher in RA than in non-RA patients. Patients
with high MMP-3 were also predominantly distributed in the
RA group (48.6 %, p = 0.0432).
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Comparison of MSKUS findings between RA
and non-RA patients

The MSKUS findings in RA and non-RA patients are
shown in Table 2. The rates at which GS grade >1
(p = 0.0005), GS grade >2 (p < 0.0001), GS grade = 3
(p < 0.0001), PD grade >1 (p < 0.0001), and PD grade
>2 (p < 0.0001) were present at any joint were signifi-
cantly higher in RA than in non-RA patients. However,
GS grade >1, GS grade =2, and PD grade >1 also
occurred in non-RA patients, as 23 (71.9 %), 12 (37.5 %),
and ten (31.3 %) patients were positive for the above
grades, respectively, out of 32 non-RA patients. The
occurrence of PD grade = 3 was specific to RA patients;
however, it was only found in four of 37 RA patients
(10.8 %). Both GS and PD scores were significantly
higher in RA than in non-RA patients. The frequency of
findings of tenosynovitis was prominent in the RA group,
but the difference from the frequency in the non-RA
group was not significant. Bone erosions were specifically
detected in RA patients; however, the rate was not high
(18.9 %, p = 0.0094). Accordingly, PD grade >2 at any
joint is considered to be most important MSKUS findings
in RA patients.

Comparison of plain MRI findings between RA
and non-RA patients

The plain MRI findings in RA and non-RA patients are also
shown in Table 2. As most patients with RA expressed

symmetrical synovitis that was also found in non-RA

patients, we could not find statistical significance in this
result. As suspected, bone edema was significantly dis-
tributed in the RA group compared with the non-RA group;
however, that was not so remarkable compared with
MSKUS findings. Patients with MRI-proven bone erosion
tended to be distributed in the RA group, but the difference
did not reach statistical significance (p = 0.0838).

Laboratory data, MSKUS findings, MRI findings,
and 2010 RA classification criteria for the diagnosis
of RA

Sensitivity, specificity, and accuracy of laboratory data,
MSKUS findings, MRI findings, and 2010 RA classification
criteria are shown in Table 3. The presence of ACPA was the
most specific laboratory data distributed in patients with RA.
Surprisingly, the presence of MSKUS findings, especially the
presence of PD grade 2 or 3 at any joint, was very specific in

and aboratory ehameierisics RAW=37)  MNonRAW=3)  Pvie
baseline Age (years®) 53.6 £ 17.2 545 4 125 NS
Female/male (n) 28/9 26/6 NS
Durations of symptom (months®) 4.0 4 3.0 374£29 NS
>1.5 months/<1.5 months 36 24/8 NS
Tender joint counts (%) 79+ 7.6 56 £69 NS
Swollen joint counts (") 56 +£69 34463 0.0104
CRP
Positive/negative 24/13 8724 0.0009
Value (mg/dl®) 1.29 4 2.94 0.40 = 1.09 0.0003
ESR
Positive/negative 27/10 11/21 0.0013
Value (mm/h*) 322 245 18.0 £ 20.6 0.0009
CRP and/or ESR
Positive/negative 31/6 13/19 0.0002.
RF
Positive/negative 26/11 8/24 0.0002
Titers: >x3/<x3 1720 3/29 0.0083
Within-group comparisons were ACPA
;ﬁ:ﬁ;ﬁf m&; M;lrtm*["(v’é’ll:;wy% Positive/negative 23/14 2/30 1.4 x 1078
it pr';babmfy teLssl whél:e‘ s Titers: >x3/<x3 23/14 1731 2.8 x 1077
appropriate) IgM-RF and/or ACPA
NS not significant, RF Positive/negative 27/10 9/23 0.0002
theumatoid factor, ACPA anti- Titers: >x3/<x3 23/14 4/28 25 % 107
CCP amibodAy, MMPJ matrix MMP-3
metalloproteinase-3 Positive/negative 18/19 8/24 0.0432
# Mean =+ standard deviation i
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RAW=3) o=
MSKUS
Gray-scale
Grade >1 presence/absence 37/0 23/9 0.0005
Grade 2 or 3 presence/absence 33/4 12120 6.9 x 1076
Grade 3 presence/absence 21/16 1/31 1.9 x 1078
Total GS score (0-66)* 94 +76 37+40 0.0001
Power Doppler
Grade >1 presence/absence 34/3 10/22 1.7 x 1077
Grade 2 or 3 presence/absence 30/7 2/30 5.0 % 10710
Grade 3 presence/absence 4/33 0/32 0.0764
Total PD score (0-66)* 42 +37 0611 9.7 x 107°
Tenosynovitis
Presence/absence 21/16 6/26 0.0013
Bone erosion
Within-group comparisons were Presence/absence 7130 0/32 0.0094
?ﬁ:ﬁ;ﬂlm‘;’e“f;“':gst\’;’g‘:;:ggy Ss RA (¥ = 32) Non-RA (N = 22) P value -
:;2::, lf;iglt);blluy test when MRI
RA rhewmatoid arthritis, Symmetrical synovitis
MSKUS musculoskeletal Presence/absence 28/4 16/6 NS
ultrasonography, GS gray-scale, Bone edema
PD power Doppler, MRl Presence/absence 1517 418 0.0300
magnelic resonance imaging, Bone erosion
NS not significant
Presence/absence 923 2/20 0.0838

% Mean =+ standard deviation

RA. If we considered patients to have RA in cases in which
MSKUS findings showed PD grade 2 or 3, the diagnostic
performance of MSKUS for RA had sensitivity 81.1 %,
specificity 93.8 %, positive predictive value (PPV) 93.8 %,
negative predictive value (NPV) 81.1 %, and accuracy
87.0 %. The 2010 RA classification criteria’ classified RA
with sensitivity 39.5 %, specificity 87.5 %, PPV 84.6 %,
NPV 65.1 %, and accuracy 72.5 %, suggesting that the
presence of PD grade 2 or 3 may have been more specific than
the 2010 RA classification criteria. In accordance with data
shown in Table 2, MRI-proven bone edema couid not dif-
ferentiate RA from non-RA compared with PD grading.

We tried to combine 2010 RA classification criteria with
the PD grade 2 or 3 rule for the clinical diagnosis of RA, and
the results are shown in Fig. 1. We initially applied 2010 RA
classification criteria, and if the patients did not fulfill those
criteria, the PD grade 2 or 3 rulé was introduced. We found
that this decision tree can differentiate patients more effi-
ciently than can the PD grade 2 or 3 rule alone.

Discussion

The authors of previous assessments of the performance of
the 2010 RA classification criteria have usually tried to

@ Springer

identify patients with RA as those who were treated with
DMARDs within the first year of the follow-up period [20-
23], As of this writing, the 2010 RA classification criteria
were published last year and are going to be applied in the
clinical field of rheumatology. Rheumatologists tend to
start DMARDs earlier in patients who are expected to
develop erosive arthritis. Therefore, in this study, we
considered patients to have RA if their physicians had
started DMARDs within the first 3 months. This clinical
setting may clarify more definitely which patients should
be considered to have RA for the purpose of applying the
T2T strategy that has come to be widely recommended.
Diagnostic performance of the 2010 RA classification
criteria in this study was fairly good, with both the speci-
ficity and PPV around 85 %. As this was a prospective
investigator-initiated clinical study, physicians were able to
choose the treatment at every visit according to the clinical
status of patients fulfilling the 2010 RA classification cri-
teria. Thus, ithe score according to the 2010 RA classifi-
cation criteria at each visit may be directly involved in the
physician’s decision, which associated with the increment
of specificity and PPV of the 2010 RA classification cri-
teria. However, the levels of other components, such as
sensitivity, NPV, and accuracy, were not high, indicating
that additional procedures may be necessary to assist the
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Table 3 Performance of laboratory data, ultrasonography findings, and 2010 rheumatoid arthritis (RA) classification criteria

Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%)
Laboratory data
CRP (positive) 64.9 75.0 75.0 64.9 69.6
ESR (positive) 73.0 65.6 711 67.7 69.6
RF (positive) 70.3 75.0 76.5 68.6 72.5
ACPA (positive) 62.2 93.8 92.0 68.2 76.8
MMP-3 (positive) 48.6 75.0 69.2 55.8 60.9.
MSKUS
Gray-scale; grade >1 100 28.1 61.7 100 66.7
Gray-scale; grade 2 or 3 89.2 62.5 73.3 83.3 76.8
Gray-scale; grade 3 56.8 96.9 95.5 66.0 754
Power Doppler; grade >1 91.9 68.8 71.3 88.0 81.2
Pawer Doppler; grade 2 or 3 81.1 93.8 93.8 81.1 87.0
Power Doppler; grade 3 10.8 100 100 492 52.2
Tenosynovitis (positive) 56.8 81.3 77.8 61.9 68.1
Bone erosion (positive) 18.9 100 100 51.6 56.5
MRI
Symmetrical synovitis (positive) 87.3 273 63.6 60.0 63.0
Bone edema (positive) 46.9 81.8 78.9 51.4 61.1
Bone crosion (positive) 28.1 90.9 81.8 46.5 53.7
2010 RA classificition criteria 59.5 87.5 84.6 65.1 725

RF rheumatoid factor, ACPA anti-CCP antibody, MMP-3 matrix metalloproteinase-3, MSKUS musculoskeletal ultrasound. PPV positive pre-
dictive value, NPV negative predictive value, MRI magnetic resonance imaging

2010 RA classification criteria

Yes

Classified as RA “Atleast one vascularized synovitis at PDUS™
| N=26 —~ S (Grade2or3d)y
Ohserved
122 RA Yes No
:4non-RA
Classified as RA Classified as non-RA
=14 N=29
Observed Observed
:14RA 11 RA
:28 non RA

Sensitivity =97.3 %
Specificity = 87.5 %
PPV =90.0 %
NPV =96.6 %
Accuracy = 92.8%

Fig. 1 Decision tree algorithm for diagnosis of early arthritis patients
by 2010 rheumatoid arthritis (RA) classification criteria in conjunc-
tion with power Doppler PD grade 2 or 3; 2010 RA criteria were
initially applied to 69 patients. If the patients fulfilled the criteria, they
were classified as having RA (26 patients). PD grade 2 or 3 rule was
applied for the remaining 43 patients. This tree algorithm classified
patients as having RA at sensitivity 97.3 %, specificity 7.5 %,
positive predictive value (PPV) 90.0 %, negative predictive value
(NPV) 96.6 %, and accuracy 92.8 %

diagnostic performance of the 2010 RA classification
criteria.

In this regard, we focused on MSKUS, as it is more
sensitive and reliable than clinical examination for
detecting joint injury in patients with RA [5-8]. Synovitis,
tenosynovitis, and bone erosion are the major joint injuries
that are frequently found in patients with RA examined by
MSKUS [5-8, 10-13]. GS determines the hypertrophy of
synovial tissues, whereas PD identifies vascularity [5-8,
10-13]. In our study, PD grade, especially grade 2 or 3,
was highly specific in patients with RA. These data are
consistent with the previous findings that the synovial
vascularity determined by PD reflects RA disease activity
more efficiently than do GS findings [24, 25]. The levels of
statistical components were even better than those of the
2010 RA classification criteria, indicating that the presence
of severe and active synovial inflammation detected by PD
may deeply affect physicians’ decisions to start DMARDs.

Although the US examiner was always blinded to the
clinical and laboratory findings of patients in this study,
physicians could take into consideration the results of US
for the choice of DMARDs at each point. Therefore, it
could also be said that PD overestimates the presence of
RA and thus influences the initiation of or choice of
DMARD:s that was directly associated with our data. As for
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MRI, the presence of bone edema is thought to be the most
suitable indicator for a clinical diagnosis of RA. These
results are consistent with our previous report that bone
edema is able to predict the development of RA that fulfills
the 1987 classification criteria from patients with early
arthritis more efficiently than symmetrical synovitis and
bone erosion [15]. As physicians judge patients as having
RA based on findings of not only MSKUS but also MRI,
we could state that PD grade 2 or 3 is superior to bone
edema on plain MRI for making a clinical diagnosis of RA.
If we obtain gadolinium-diethylenetriamine pentaacetic
acid (Gd-DTPA)-enhanced MRI instead of plain MRI,
bone edema may be more significantly involved in RA
diagnosis. In our previous study, we found that the detec-
tion sensitivity of bone edema on plain MRI is 30 % less
than that with Gd-DTPA-enhanced MRI [15]. We therefore
propose a tree algorithm for clinical RA diagnosis that
combines the 2010 RA classification criteria and PD, as
shown in Fig. . This kind of approach can also be applied
in patients with spondyloarthropathy, indicating that
Amor’s criteria in conjunction with vascularized enthesis
bring good results [26]. Accordingly, our data identify that
the tree algorithm shown in Fig. 1 can classify more
patients as having RA at a high discriminative value
compared with the 2010 RA classification criteria or PD
alone, supposing more patients received the chance of early
introduction of DMARDs. Our data may also indicate that
the combination of physical examination and serology with
a sensitive imaging technique, such as MSKUS, is the best
way to identify erosive disease early. Filer et al. [7]
reported that a combination of Leiden score, but not the
2010 RA classification criteria, with MSKUS-proven
synovitis improved in clinical RA diagnosis. Our data may
follow that result. Long-term folow-up and larger studies
are warranted to confirm that MSKUS, especially PD, in
combination with the 2010 RA classification criteria, is
valuable for early identification of patients with erosive RA
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