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237 (R CEDNTEEZNZNORIPDEFE (Total score) ZRH, ZIFPD
BIENS. ZOBEHUIM THDMEFEprobability (p) EEH

1) Without Muscle biopsy
Logit(p)=In(p/(1-p))= -5.33+ Total score
p=exp( -5.33+Total score)/ (1+ exp( -5.33+Totalscore)) =1/ (1+exp(5.33-score))

2) With Muscle biopsy:
Logit(p)=In(p/(1-p))= -6.49+ Total score
p=exp( -6.49+Total score)/ (1+ exp( -6.49+Totalscore)) =1/(1+exp(6.49-score))

web calculator (www. imm. ki. se/ biostatistics/calculators/ iim)
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(Lundberg [E et al, Ann Rheum Dis. 2017, Arthritis Rheumatol 2017)
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(Lundberg [E et al, Ann Rheum Dis. 2017, Arthritis Rheumatol 2017)
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(JIMT728Bl comparator SOf1) Juvenile polymyositis (JPM) 7 2 5
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True subgroup in PM/DM
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LEBI ZRBE - PREBRD

+ Sex: female
male

1 (44.1%)
51 (558%)

+ Mean age at onset: 6.3 (yr)
* Mean age at diagnosis: 7.0 (yr)
+ Follow up period: 56 (yr)
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Age at onset
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7181820
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DOMCDNWTHOIEFT>RIE, CNHSDREETHD.

=it

1) HREROEFEEAELEEOIER

SS FREAEICDIZDBMEERETHDCEMNS. HRBDIEUWAE] & [{IMER ]

ZEREBBCEBLTESDTENKUITHD. HELEEDIEA(E. MOBEREZE
DB,
2) MR - HECERUTOERR

1R - HEIEAN(COIiE TH D, BELMMEREENDDHRCIE. TDRECKD
TYURINZEDDTLKBDT, 42 DBECEDRIZEIHRNME (LR DIBEEHD.



Ffo. SS BEIIH Ro/SS-A FURZEENZ Wz, ERELTOY I0FERIL—
T Z(neonatal lupus erythematosus: NLE)ZFIET DUR TN D E%x, BE(CH
BALT. ERARL AR NERNHE TEREEN TS DM TORIREENEET L
WS EZHRBLUTH ZENHETH D,



#B17H SS BEHD QOL - [LEHSTIE

BEH - SEHCHITDBEOUIBIRE(IIFE (CEM TH D BITH SS BEEHFTIEIRN.
SSTIEIRFREDERR. FRIEMBE T IBIERSIEIREDIEIRN S, RER. 5l1EZ2E0. 15D
REMENREZIRA TS EEH D RECILU. @i QOL sHllR CNIER TR Z 105
ERSH

CQ1. B17HA SS BE®D QOL FHAIC (X ED K SREDHH B h ?

FE, BHERRBECSVT, BEORK(ICRS UVZERHMENEER N TS, TDOH
T. (EERBIE QOL (Health-Related quality of life: HRQOL) (IREMIMEZTHD. BEI5.
HRQOL &(F. NDREERICEZEFZE T DEDD QOL TH D . BARIPIKEE, ([MEAIRRE. &8
IREE. RBIHEAEDCDAM well-being IR ENEENTUNS Y, HRQOL DFHMAlL. —HEHICE
E(CHEmMDH, FHBIEEEN I T D, UDINFIHRERICHIFTDRERNIE HQQOL DTS
7/ &E UT. Medical outcome study Short-Form 36-Item Health Survey (SF-36).
WHOQOL-BREF En81F 513 77, Fiz. SS T} BHEEFRNTEEOBRERZHlid
% ESSPRIN'3 D HRQOL MFHii/ZEL LT, & LRD. SSICHENWT, R RS5AY
DA, RSA7A(FHQQOL LEHEL. #F(CHERRE. BAR - FFHE) HR-QOL ZIET=E 3
EDELTHRESINTULD Y. B - #51 HR-QOL DR T (&, 1D DR DOARER, 5l
ZEDICDINDIesH. BEH. B1THI SS BZED QOL sHHEZITL). BAR - {FHEE DR
RRZITOHEND D,

1) THBFF. QOL OElEE QOL MAFRDMEEM. J Natl Inst Public Health 2004,53:176-80.



2) The WHOQOL Group. Development of the World Health Organization WHOQOL-BREF quality

of life assessment. Psychol Med. 1998,;28:551-8.

3) Ware JE Jr, Sherbourne CD. The MOS 36-item short-form health survey (SF-36). I.

Conceptual framework and item selection. Med Care. 1992,;30:473-83.

4) Meijer JM, Meiners PM, Huddleston Slater JJ, Spijkervet FK, Kallenberg CG, Vissink A.

Rheumatology (Oxford). 2009,;48:1077-82.

CQ2. BiTHA SS BEICHWU T, LDKSICLEBMFHERITINED ?

T%17HA SS BE&E(F. MMOBEH - FEHOEE LFRIC, BF. B, £ECEDDERE. &
BREERE, ZLOMBEREZITVNRZENHD V. SSICIEMRBDIEES. MEIRDFHIEFH
DLVEFEN S AZWINS DRESHDAEEN DD 2. TDOLDRIBEC(F. BEEESD.
BBEDOYR— MM BRC EEHD. TORIRIBEICE, BEAARMREEORRDE &,
MBS U COWVERRIERERKR BT (CHR T D. €D LT, RAMLEE. (Biatkae. XAYEE
N MARFIL, I\=VFUF o OFFFMEZRENCAE. BRZITO2&ZziRTITD. B
MR OB FEODTTER(C (S WISC-IV (17 ki) « WAIS-TI. O—IL3 v v/ \FA RSB0,
ZOfERZSNFER. BUIRIENNTAZITD TOKHEND D,

1) BHHER, BUKER, £ OF, MR NEEBMRRCEITDF v U —A—/\—FEDHRIREN

R NBREEAF 2007,66: 623-31.

2) MR, 1EMHRENF EBDNICRFTHZE L ZDOMIG. /NERIEER 2012,65: 547 -52.

CQ3. BITHISS BEICHU T, LDKSITLEMNMTAZRITINED?



INRIBMHERRBOEBRET (& WIRCER(CHIZ B MEFZEMS DORECHEUODNTLD
CENDD. Fle. HEERODIRSVESR UCHRTFRAGRNEIZS T/ 0MBHAS/RRE(C DR
N2 EEHD. 1F(C. BEH - SFHOBREDMBIRREIIFRE (CEM TH D, BITHISS BE
DIFE. SSIERIFEDERHEER. IRHEARE ISR IEIREF CHEDIERN S, RERS|
ECEDCDRHD. BF, BBREHLAEB(CHEERFIAENENDD. BITHOOE
FPREE(CHHIE T DIzH(C (. BeBERZEHD L. BEANRZLRESR DLW
ENEETHD V. UNURBHS, ZORLRKIZ T EHEEMRGEIC DR B2, FikE T
> NO—-ILF BRIV I T TEEADREEADE L 2R T ZENREBTHD 2. TDLDMGEIC,
INERIEVAREDHRST . BEE. FHRHRKMELREONTANMBEEER D, T
BFE. B AF - BRBEEBEE O T DEAME. SKEMICE ORI R ~ L DR (C DI
Do U > T, MMERNDOZEER S v T (L K DEEED POERN/RERSHBINE L&

LYo

1) NIFRE]. BMRENFEECDDICREFITHE ETDOMIG. NEREER 2012,;65: 547 -52.

2) IR, B ARBITHASZIE & (3. Nursing Today 2011;26: 14-9.

[E5 /LT —X]

TATHA SS BAE (3, MRHEAHRBAE I S DIR E BN AN ME S HIr e NDI5E, £
BE (NERE)DHMHEZOAFT, WEARES KUK OIELT. MEDPREZE
FI& UTZBERIY — 2 vILD—H—aRR e, ZHEDHINBETH D, TDI
&, FEER CUMENMTA LR EBEAICHR TEdMEZHRL TH < &L,
F9. TEEOHERFERZTC, WERARES U < (FERR OB (CHKT D, (DEA
BERR OB AE BRIl (GEEEF DL T TR I D LN TEDN &
— AN T 7LD R ERBET D EICELD . BEHBHFZMMLU THEZENEET
HD. =B MEHUNAZELZEBRECDVTE. FEENDKEFENSWLCEE
%< ARIENFFIZIMEERFRZBEI D ENEBTIRRMEEEHD. TDRRIC



(F ARIEEH AL BEGE 1 [BEY°A 1873 E)FE UI/MNERL - ARISREOE (N
BRIE - ARELRRIC 1 ADBEZHD)ICEEICKTESL., HRLACHBITLTV
{ZTEBE—DDHETHD,



BT SS BEDH > THLAE SS [CDVTOHM

CQ4. B1TH SS BEDHOTHINE, IREERER (ZTh ?

S 1~ L EERFCIIRRDBEE [C K > TRRMEL 37208 NEEAC(FIREZBEIRZRH D
EFP <, BEZERE EBCIRIZBERZE U DT ENTFEREND. COTZHIRFZBEIRZBDHIR
WBITHA SS BEN, BENIRFZIMERE UTEDKI SRR ECZ DM EH SN UHIRREL TH
KCEFEETHD

BREZIBIERE U ClE, TBEADDLK] BRAHARWV R SRR T B L g L VEIRY, TH
ATO0T0OI D] REDRREBYRBUSC, TBHRW] TEARFCENFEIFISV] TBENENSD]
[EAFRmY 3] BAnwun] TBWECHTS] TEfMNIS] TFR00] [REMOZFRE®
TVEEENTERW] VI RIS T R DA ZERATE RN REFRLBBRBERNEEND.

CQ5. B17Hl SS BEDHI O TH NS, OREFZIFAER (S4Th ?

> 1 =L ERRECIIMERRDEE (C K > THERNEL 320N /NEH(CFORERZIRAEIR Z 528
BT LI BB E LECORBERZE LD T ENTFRIND . COHOREZIEIEIR

SRHOIRVVEBITHR SS BEN. BENORIEIEIEAE UTEDLDIMERNE L X D2 E2H 5N U8
HPEUTCHLZLEFEETHD,

ORFEEIRE UTE. TAntHh <] [ (A< T7zsd) KOBBRHAFTZWL ] EWD ORENEZER
BSMC, THEEENRICR/INT D] TDoFhRteVEV TS [RICIED EOBERNRE TR 7L
DEFIERZZRDHDZEWP, RSO TS [RICSPERS Y MR EDIZERGNIBNITS
W TEBRFHAH DSV IR EDIEBRKORERENZFND . RO LD ORRAERICIRT



9 IBEVCORORE E72D T &0, SAESHEOPERAOBRAEDTLHEDRAZECD LN
550

CQ6. B17HA SS BEDH O THIAE, RIMEROFRR(IMH ?

IR SS FERI(F, BZBAEIRE DD U BBA DIINERZ M- SHENS <. COMEIFEERACS
WTEHBNB[1].

EBEREUT, BB, B ZEN'HDD. BRBRELSHS5N. HELEEICELZRDH
GN'HD. ]INDEEIAFHZHRADZEN DD, BEE - BIEIZRY. B TR - 38 FIRQ CIERIRDIE
IRE K <EBRDHDEHIE CH D KBMEIR E U T3 FRIRFIBE EIF(EN B RAMRIT TZHIBIAMF I T
HACESRENBRAERDZENSD D BARHCID LA/ —ERPNHIRIT D2 EEHD. 5D
zeftEls.

Fe. 2T UL VAHRREC(IHARME, REMHE. Bl b, MR ECREZECDZEND
Do INTCDFBESATEIMESRREENE C DT TR, SEEE <RV RATDEZE (CRE
EUBuRENEND D EZEELTEHEN DD BEMERXTEZREIERE. BRRALEZET
BTENHBD. FIEHFERE T, MURD UONEDREN (SRR EDRERE, AHREEH
BRFREDER. BEFEELREZEUAD. BIRECHE. MEMEBROEENSVN, IERZET D
ZEEFFENTH D BFICKRAEMNET S -2 XCKDEHRERE (CKDIURDIR IR EZS I 0IEE
HN'HD. FMEMEENRKATE IMRACHALICEESD] . BEEMXTE D] R EDERE
EIDUEEMNEND D, TDM. BCREEFR. DX, VMREBRAME. BMEEMRENHFSND
TERHBD, INSDEE(CLD., BRES, FTHM. SHMH%E. BMCKDHFELVORRSDERR
EZRHDEEEEN DD,

1) Ramos-Casals M, Medicine (Baltimore). 2008;87:210-9



CQ7. B17HA SS BEDH DO THEINE, KHRRRFOM (LD ?

FEIRAVENBEREN RSA7ATEUDEEEN DD ROENH D TLRLWHVER L. BHD
RIBZTNRNLDICT D, EERODFANCKDEREORDRE E72D 2 ENHDIeed. OERDEKR
B EEE TR ERE DA CNSOIEAN R SNTZER(C IR MME T U TORVWNREZEF (T

Xaz

BT B, MERYSRPPARERECLD, OREZEIERRT S EhB 3,

ST —JLERRFCE. OERD M TILEOARR® RS4RI, IRICEIT DAEIRN D
DEFFIRE). HEEERONITEIIN I eRZ I DN TV BR(CS T —J L VAEHRRFE 0

SIEENH DR BERSEESEEUZRUTES S TENEFLL,

SS BETIE. FFRFT O RRAMERNERERIRROFR LR DHENSD. EREMERICH
2D CIEBENHERZITOVNENDD.

NPT NEVWDSIEIRD, IRTS T —T L AEREBENSELUTLDIMNIRBATH DN, BERE
FFRIE ERMZITORNWERUS ITTRVREZE U DT ENGD DD, EHINREZER - REZME I AN
ST CTHD.

CQ8. B17H SS BEDHOTHLINE, ZHCEADBIREICDVLWTDHE ?
SS (& SHDIROEEZRHFHE T D2EFMDECRERETHD. LIEN DT ZERCHERR
BlE SDiROBEEZHN T 2/2HDIRE L. BEREREDFHADTZHDIRE (CKBIESND.

SR DIFZEDFHEIC (F. IRRURE SMHERIRDIREN S D, BENZRIEIRZRHR, D)
(FEETHOTE. ZMCRADIRETH D EZEADRENSD. REMRE(ICE, RREZHAN

BIUIIN—FTRA I, AR - FIROBEZHANDREHRLEND D, ERIRORE(C (. HERIRDZE



iE - BEDILK - FRHEZRARDOS/NBRIRER, HRIROZ(CZER TFHE T SRR MRI 12
A, BHTR B TROKEZANDBRIRS>FI ST ¢, FEERDWENENHD.

B REREDHE & U TIE 1 SS-A/Ro Hihd KU SS-B/La iz (U & LIZEEHIAD
BIENDD.SS (CEHT DT ENSVBCRERETHS SLE, MCTD, RA, APS 13 EDFHII (CEH

FT®s,

CQI9. B1THA SS BEDH O THINE, EMREICDOWVWT O ?

SS DM MIRDIEE (E—AZ (CHRIR (OEIT I D728 /NEBHAICHMV IR DIEZE Z 58D TLVE K TH.
RFHIREHMENNE TH D, CDfesd. BEEBSMEROBEENRK TE, EER SREBENWET
HBDEELBRADIENEETH D, Floo MBRIREDKRKRE(L. SS ODRIMERE LUMMDEC %
RIREBOEHOTHIE, =5(IC(PEEREICKLDIBIRICOIZEN E L TITOND Z EZ LR 5. BT
HAICHENWT. INSOEHRBEDRBRZRIRDELIHRELU T, BEEETEDLIICRDITELEEEET
»d

CQ10. BT/ SS BEDHI O THLINE, BRICOWVWTODHIGEE ?

BRIEIRDFHIES SNEBRDZH (C(E. BREY - RV EANDEMREZNVETH DT LZEADIE
NEETH D, RIZEES SUAHRBREBEEDRRE LT, LN\ZERQRR. Z0777RVILFRUD
ARBRR. E7)ILOVESF BUDARIBRSMMERSN TS, Fo. ATRRORIBRRTSTE
BRTH2. ABERNEREDEEREE U TE TEX UGS EONILE AGRIENER SN TS,
Ffe. ALHERPREEU-EBRTHD. Fioo BIMEBERICHUTE. X704 R - SREilfl s
ENBREIRER DT, UDINFEICIDEENVE LD,



SS DIEREFBRZ BT5 IIaBERITHIISN TULRVD, FERNICIFEFDOES(CKDH
TEIaBEN RSN DARENEN DD . TBELEXRULLNS, TEDRITEHMDBERDODAF(CLED
BDTENEFLL

CQ11. BT SS BEDHI DO THLINE, SS ODSEHHEIMH ?

IREZZVOIERNEE (. TNTNTRNREECLDIEMEEZS I Lz, FEBSNEREL.
BHIREZIRT 772 DINT DR EN DD, REEICIDEMHIEL LU TE. AEREEICKDIHRIET®.
RGO > 50 b2 X EOYIBNRIBIC K DEREB N ST 5ND. iz, OFEREZRICK
DEMEC U TE. DEDSFEDOBEAK - mEXDEIT. QNN SRR EDRBRIENFEIT SN
Do . SS ICLBBRHEMTS R—2X(CKD., REFEAEVCBAKIEZES I HENHDIL
(CEBEIDIVENDD.

SS [CEHT DMMOBESRBERELE U TCREEFHT YTV =X, BEtREEHEER. BEiUD
NF MY D EEBTUMNEREE. SRMEABIER ENETE5ND, CNSOKRRBRISBITHNSHRARCH
T CTRAERNE 1RDIesD. FTT/MERZFRHIE ES(C(E BOMNCFBECHKX T DL DCHERT
DWENSDD. FC. EBUTUSTY M—TAIEHMHEENEL. BB - KPZ - L1/ -5 - Hi
@ FEREZERDIEESCIEIFEZET D, INSOFLIBBECREREBDEHICED. XFO4
ROREIFIRIC KL DBBENBELRD, BIC(IFERADARLZNMEDAEREH D DRNRRIE
DB EBHETHD.

1) SIT—ULIAHREEZENA RS> 2017 FhR



B1TH SS BB ICHLERBIL ULERITE

CQ12. B3/ SS BEDRRICIRU T, EREBCERBINESZL(I[AH ?

INBERFERESIT (F. SZIRIEIR K DL U BB L DRRIMEIRMN SRSV E DT — IS < FAERFEA.
MR, 28, JBEABTRECDVWTHI > TEKHEN DD, IRE L  FHEZDEREO/NERINS
ARINOZEBIRIRMHEZBEEEGEHEI UBREHBINETTHD, INFTICSS (CEDIS &H
WrSsNTETTEIRICHIR,. 518 SS DEMHIEL L TEI D S DRI DV THIERE L. 5 UIZIER
DEEICDODVWTUEABNDLDICTD. EARN(CIEFER. 8B, [UBIEIRBLESRIERREZ TS
HERECHSHMB I CEBICLRDINETH D (T, IRL (CEBERNEC TS DT ENFE
ENBDTENS. REDIEN. KOEBEUEN. F2L\eMZBEA(CSLV), IRAEYR RNATOITO9
BIRE) RECK DNV EECEFZDEFFEECIER D EARIIEIRICDVWTIE, 835" BITH
SS BENK D THIARE SS [CDVWTOAEH" ZBREINZL\. BT, [UDDELEIAHRE
BEBR(CEHELUTHYO T VPR TH DD TIEA D HARHCHEWTIE. BEDIERZ[E>ED CEAD
(CIERDCENMEBARARTHDZEND. HONUDIERTZVE, HSVWEZRCEEL. KT
NEVGBE(CEXREREZFIATDEXN BFEPIMEECEVWTIFRRICKDFIRZRZITDEDESD
BTENS. BENMUHBERUTH S ZENMNEFLL,

SSIERDEESF T VI IR K
AIEEZ2E (A B) SSHFTTIEHOTERICDVWTEHRATTF S

=R FH, NPT [DNEEAD
CIDEZIEAEIR OnE<. FPEMEL. DRZEERVUERSINS
BRODFZIRAEIR RAEZ<. BRATOTOYSD. RABICLY



HERAR - U /B BEOTRHECENNDD. BHNHD
IR ESDIEIR 2K % &K WOEH, E—E—93. HESAELIRD

SHACESAEIR e, THI. 1Ein
Z At FROVDIRN, < H, B8R, =R - B, SAS5DE, HFEL. FREDS

LUNSD. ENEERTD. FEDREH. BENFEN. RENKRID. K
T, mANEFRSE, EHRYE - BISET

CQ13. B1TH SS ZBHDBIUULERTHODILOIC, REENTINSZ L(X@AH?

FEEOAFICIZ. FBHEEED SS EEE UIRWL RN D EDMDIREE - ABREICDWLWTEH
ENSLFELED THEL. BFFHRNAD TLBHBEICEINZBHNICHRATED, FZICKRLT
(St - IBARRE (CIG O T ARADMKTRBREINNR EZER(CER . ERMORANIEETEDXKDIC
BoBRI2BEZMITDLDCONTD. BEHRICE. BEFEREL—IOZENT . EEMOSERICH
UTENSET XS (CHMITDLDRBEZMDIEE UL UEHDD. 25 UIIHE(CIIZRIERE DRI
FIMREEBNFZHT L TESIERZLAD LSRRI ZENBMRT ENS D FRCHITER
AINSZE - 25t - WHBAFRTOFIEVCER (CHITDIEDRITE UG E, RER (CHEIL—EDIT

BZMRBD 1 ATHERDLS(C, REEORCHENSEHLTH L.

CQ14. B17H SS BH(CHERIREEE (XFH ?

WS DONDDEBTRITHICH T DIRBBIEDZ L (FRET RET SO ADETFCKD I ENRS
NTVD, UFER D TS SN TVBD AT O B, REIIHEIER, IERSTO4 RRPANERQR EOHE
MaX<EEL, BRUBVLD(CTD. HF(CATO- REORFSIRER L (FMHTRERTH D
EEEFEUTEL T, EOL SR HTTSE (CEFRRIBB O REEIBWERZ5E > TERMICE
ABDNEBEATHBENDD.



ARE(CBRUCIE 1 BREIEIARAY 2h\. BHl - B - BRREAHWDETRZFED. E<IEARMFH—
b (UDY LY OR®IE) (FZER CBE TR - BWERICEN D DD TIERZET D, T/,
AT70OA REIGE - B - S TREENRIZDENH DO TEEZET D, RETNICIMN DL EEE
DIIGEERNSERERITTE BEN DD HIRT (FERERDEA (CDVWTFEIEOIH S S
DETE<LERELTVWDIHENDD.

R 7 LI)LF— OEHE D FER & OHARRIX ETHEDERZ BT TNDHENHD. 57 -
FEIR EDRRCTHIRRZIRA T DRICIIZBRFMEBSNTND T EN DD E/THEET D\
BN UHEBELIDNSZSITTEBENDD.

CQ15. B1TH SS BEICHERZBRIER(CHI S ITT7(XEH ?

OFFERERTS - REEREFHORNSEEETHD. ELWISYS I IERE(CDITD EHIC,
BRMREZH KU REDEFZ BTN (C S 1TD . AFEAEZIRD T (CIFSFAEBID S HN . BENRK D EER,
g (F2 U =)L) HLDER. RECHEG CHITDINEERUEREOERNERATHD. O
BFURLEEFEDRZEZ S5 VIEBEPROEMBDRER LIRS T ENS. KEZH SR, BUE
UIRWVR EDEREME TH D, BREIEDOFHC(E/ VOO L EDRISEEGERZ# TS, T
PAAERRBOREZEE (RS, BERCHLESRVWREDEIENNETH D, D> bOERA
(FHEHEE S, PO ZRFITEE I DGECIEHERFHE L. BEEBRZFERAITIEOEIBRNIUETH
Do

CQ16. B1TH SS BZEDHI DO TH K AN EREBNALHIE DG MATH ?

FahRERBIRNK. © U < @ F EEEREMMAHIE (FBBARICK D TRIMPANSIBERN RS,
FLHCRIBEIGERBMEENENC KL O TERLBDEEREH D,



INBBMEFTERR (IR ERIWDE(CE DWW TERBINRZITOHETSH D, 18 mRtiD REF N I
KTHDIN 18 MENERFRICBVWTAFBEDHRICIADTH D MDD, 18 REEFERES|SH AR
MRELRHSNDHECE. 20 RBOEERET D, EEHRE [ERE] (CLDERER
BHEETH D RAZHRELTND. EREBCEIBD FREHEFDOFRCLDRDOSNTNDZ
ENS. BICEITTEFATITSREN DD,

S T U LSRR NRIBMRERR - IEEHR\ T NOMTER(CERD>THED. BITHNE
BREINRNHIERITI & BER D . BRNIBERFEER E(IREDY —2 vILD—H—PEBAEN
(AKX TED. WINDOHFEEEEREECTRE - 2. EMCLDIBEREZRMIOL. ER
BHRNOHFEZHEN RS U (MEEEH. PXMHICIRHNT 5. CORREZE E(TBE - FRE
DB ZRZVTD. FERIR—LR—Z(CFUWVGHIANSDDDTEE(CT D. SUIREZIRZ U THRE
BEEZWIESIINWECHRZERITENBWC EESHDIDTERZET D

MBI ¢ https://www.shouman.jp/assist/

ISEHR : http://www.nanbyou.or.jp/entry/5460

SE A

1) FST—JLERE/I\ORIvO FPAUBLST—JLVERE RS AIEZEE 2002 £
2) Foster HE, et al. EULAR/PReS standards and recommendations for the transitional care of

young people with juvenile-onset rheumatic diseases. Ann Rheum Dis 2017;76:639- 646.



B17H SS BEDET - Fil - S IRFTI

CQ17. #1THA SS BHEHICHI FIFREBICHITI7 RINAX(E?

—iE(C, BERIINERSZENSERECHTCOREIZIEI N, ABEDREZZITIR
51 ADKANE UTABEMR LU TWKEHITH D, FREEFTOHEP TRERIRERE
ED—DTHD. BENARB (KK - XSV RR)WENEEIICIT TR, EB - /8027
=)L - BFEFATIREDITESIE, SSBEICEODTEFECEETHDILH., INS(THEBHE
MIEEDEINELEHF UL, SS DIFRFEAENKRE L. FICHEBI/NERZESRVNEETHN
(F. FIRDSHEREN—ST. BRIMEIRI® SLE REZEH U TVDIIORBETHNEE., BE
FZET DD, BEETIEDZRANDREDIRZITIR, AJREREE TSMZRET L TL<us
ENHD.

FREFBICHSITDIBBRF LT BEOCATDROILITFZ2EDcEE ) XLADE.
B TOESICKDESHNR. P COMER (MR LIR— MER/RE) P2 ATRICEKDER

DEEE, TR FO—REITOEIKCKDERE. RIHEAIFTICLDEE - 7)LO—)L
EEETFEND,

BRI - BBfE - DDIEM - BREEEDHIRIXEZE O MNT (CARBERIXECRDIEEE LR
< FIE « RA - B2 E EOBERFET (CKDOEBNYR— MRENBETH D, F
z. EEEBEEENSAENORICIREZERL. EPRZZITV. FRRARRE(C(E. @F
IRFIEVLOECZ BT (C FRIEVIIEBE SARSEBE (C1TUV FREFEZEXED ZENEE UL,

CQ18. #fTHA SS BHICHT B8R - #F - MRICHITEI7 RN RX?




TER - EF(IIPRAL I DMECM S EODRERAT VI THD . TNZBFEXITEER -
EFRZEZEZADENMEENTHD. IRWEIBOFRREZFABIDIENE L SABMERT
D FEFMAE D20 UTEFBYXLNENTZD . BODBRATNREMEINETH D,
FEEONSERZZEZR DD KRARRNH O TEREBLTLEROZD T DT ENHD.
SSBEFILIFITYVIZEITV. RRZEADCLERROEHE UV TCER THDIFZEREL
TEBIXLZBRDENEFLL,

Ffe. SSBEICEOT, MEHEZESN L TERINSEERAFLLT. REBHMBAXZEUSD
RIS - RZIRIRIE - SRR - RBBBCLDIEFIXLDENBENFETSND . FFEIGFRIC
RBREPS 2N — L AALIBREDILIT T Dy AMFFEIADIRVRTR E (FARET_LF] S DE

KNBETHD,

ZUTERDPEHZHANE S TERDIR, EFRZRZDTZH TERHFDISL). BEEDAIC
BODRRUCDWTE LISV EDMAZHEU EDOBEMEITND. Fz. KEICKD
TIFEDS U TERFEDRIE LR S TRIRSIRBRVWEEN DD, FRAMRETEEZIDLDER
REABRBZEDETDIEHICRERBEAME(CER. LoD EBRICEZIDZEN
EH5ND.

BREIC, B4 DIERYIRER IR D2, BEDBEBDRRADHLLBDDRIREREZD
D, FEEVFKER, BEPCRISOLE AU GERRERODBERNKSICT DI ENESE
nZ)O

CQ19. B17H SS BHICHEREF EDHIBR(E ?

BEINSEEFRADEBDS A IXFIAILICENT, EBCHEIDIERFEETHD. TN
(FHS1THA SS BEICHVWTEFRTH D, BITH SS BEDETEINRSTHEIRE LT, RPORED
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Abstract

In order to assess the development, approval and early introduction into clinical practice of biologics in the pediatric
field, we herein describe the current status of the development to approval of biologics as anti-rheumatic agents for
children in Japan, discuss the present problems and provide a proposal for the future. It has become apparent that the
duration of the review period required for the preparation of clinical trials and Pharmaceuticals and Medical Devices
Agency approval is clearly reduced compared with the past. Thus, it was speculated that a rate-limiting step in the
process from development to approval was the duration of clinical trials from start to end. Hence, we focused on
the following key words with regard to promotion of the development of biologics and their early practical use:
“registry”, “centralization”, and “global cooperation”, all of which are related to the reduction of duration of a clinical
trial. In conclusion, to reduce the duration of a clinical trial, it is essential to complete a world-scale registry system
by developing the registry system established by the Pediatric Rheumatology Association of Japan. The next step is
then to carefully plan to participate in the international network using the world-scale registry system, and develop

global cooperative trials in which we can ensure a sufficient number of entries from Japan.

Key words biologic, centralization, international cooperation, pediatric rheumatology, registry.

Rheumatic diseases in childhood are regarded as incurable
even now, and their pathogenesis has not been clarified. These
are serious diseases that fulfill the following four conditions:
(i) the pathogenesis has not been clarified; (ii) the therapeutic
method has not been established; (iii) they are rare; and (iv)
they need long-term medical treatment. Pediatric rheumatic
diseases are systemic inflammatory diseases involving antoin-
flammation and autoimmunization, and their medication and
treatment have dramatically advanced due to marked progress
in diagnostic technology in inflammatory science and rheuma-
tology. Therefore, favorable outcomes in the inflammatory
state are expected without carrying over organ failure to adult-
hood if the principles of early diagnosis and early therapeutic
intervention are maintained, and it is not too much to say that
the advent of biologics facilitated this improvement. In the
pediatric rheumatology field, four biologics (tocilizumab, etan-
ercept, adalimumab and palivizumab) were approved in Japan
by June 2017. In particular, new approval for pediatric
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indications for tocilizumab, etanercept and adalimumab — anti-
rheumatic agents — has greatly changed medical treatment in
the pediatric rheumatology field, by which many clinicians
have realized that treatment has changed from care to cure.

In this article, to assess the development, approval and
early introduction into clinical practice of biologics in the
pediatric field, we herein describe the current status of the
development to approval of biologics as anti-rheumatic agents
for children in Japan, discuss the present problems and
provide a proposal for the future.

Positioning of biologics as anti-rheumatic agents
for children in Japan

In the early first decade of the 2000s, the major treatment for
systemic-onset juvenile idiopathic arthritis (JIA) was steroid, and
that for polyarticular JIA was methotrexate.” It was recognized,
however, that 30-40% of pediatric patients did not respond to
these treatments, nor did their symptoms easily resolve.'

Recently, indications for the use of biologics have been
described according to guidelines for initial treatment®* and
guidelines for the use of biological preparations.s’7 Namely,
for systemic JIA, tocilizumab, an anti-interleukin (IL)-6



receptor monoclonal antibody, is started as early as possible in
the following cases, when: (i) dose reduction of glucocorticoid
is difficult during a current treatment course; (ii) no pathologi-
cal change to macrophage activation syndrome has occurred,
but is likely to occur; and (iii) the next step treatment is
judged to be required because the treatment course is not sat-
isfactory. For polyarticular JIA, in contrast, tocilizumab or
anti-tumor necrosis factor (anti-TNF) preparations, etanercept
and adalimumab, are used in the following cases when: (i)
>3 months of treatment mainly with MTX is not effective,
and clinical symptoms such as arthritis and laboratory data on
inflammation are not improved; (ii) dose reduction of oral glu-
cocorticoid is difficult or a patient is steroid dependent; and
(iii) a patient shows poor tolerability to standard-dose MTX
(nausea, hepatic dysfunction etc.).

Time lag from development to approval

In pediatric rheumatology, four biomedical preparations (toci-
lizumab, etanercept, adalimumab and palivizumab) have been
approved for JIA in Japan. Therefore, the time lag from devel-
opment to approval between inside and outside of Japan and
between adult use and pediatric use was reviewed.

Tocilizumab

Tocilizumab is a biomedicine developed in Japan (Fig. 1;
Table 1),8‘9 and, rarely, pediatric and adult indications (rheuma-
toid arthritis [RA]) were simultaneously approved in Japan ahead
of other countries. In other countries (USA and EU), phase III
trials of tocilizumab were started just after its approval in Japan,
and approved 3 years later. It was thought that the interval
between the clinical trial and approval of the clinically highly
needed medicine was extremely short in the USA and EU.

Table 1 Approval process for tocilizumab
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1986 April 2005  April 2008 March 2013
Success in Approved for  Approved for Approval for
cloning of IL-6  Castleman’s  rheumatoid s.C.
in Osaka disease Arthritis, pJIA injection
University and sJIA
| | | S
] ] I |
April 2014

January 2009 January 2010
USA:Approved
for RA

EU: Approved for
s.c. injection

October 2013
Approved for s.c.
injection
Approved for sJIA Approved for pJIA
USA (April 2011) USA (April 2013)
EU (August 2011) EU (May 2013)

EU:Approved for
RA

Fig. 1 Timeline of development of tocilizumab. Tocilizumab is
a biologic developed in Japan, and it is a rare agent in that pedi-
atric and adult indications (rheumatoid arthritis [RA]) were simul-
taneously approved in Japan ahead of other countries. In other
countries (USA and EU), phase III trials of tocilizumab were
started just after its approval in Japan and approved 3 years later.
IL, interleukin; pJIA, polyarticular juvenile idiopathic arthritis;
sJIA, systemic juvenile idiopathic arthritis.

Etanercept

Etanercept was approved in Japan 7 years after its approval
for RA in the USA (Fig. 2; Table 2)."° It was approved for
JIA 1 year after its approval for RA in the USA, whereas it
was approved for JIA in Japan 10 years after its approval for
the same indication in the USA.

Adalimumab

After the world-first approval of adalimumab for RA in the
USA, it took 6 years to be approved for JIA, probably because
its developments for various related diseases were progressing

Japan Outside Japan Time lag
Phase III approval
Indication Start of Application  Approval Start of Approval Country/ Outside Outside  Application
phase III phase III Region Japan Japan to approval
to in Japan to in Japan  in Japan
Castleman’s April 2003 April 2005 Not Not developed  Not Japan Japan Japan
disease developed developed ahead ahead ahead
RA March 2003 April 2006  April 2008  February  January USA/EU  Japan Japan Japan
2005 2010/January ahead ahead ahead
2009
pJIA November  April 2006  April 2008  October April 2013/May USA/EU  Japan Japan Japan
2004 2009 2013 ahead ahead ahead
sITA May 2004  April 2006  April 2008  March April USA/EU  Japan Japan Japan
2008 2011/August ahead ahead ahead
2011
S.c. April 2010  March 2012 March 2013 September October 2013/  USA/EU  Japan Japan Japan
injection: 2010 April 2014 ahead ahead ahead
RA

pJIA, polyarticular juvenile idiopathic arthritis; RA, rheumatoid arthritis; sJIA, systemic juvenile idiopathic arthritis.
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Japan

2005 2009
Approved for Approved
RA for JIA

T ] | | |
1998 1999 2000 2001 2003

USA: USA: Australia: | Australia: Canada:
Approved Approved Approved Approved Approved
forRA  for JIA for RA for JIA for JIA

2000 2000

Switzerland and Canada:

EU: Approved Approved for

for RA & JIA RA

Fig. 2 Timeline of development of etanercept. Etanercept was
approved in Japan 7 years after its approval for rheumatoid arthri-
tis (RA) in the USA. It was approved for juvenile idiopathic
arthritis (JIA) 1 year after its approval for RA in the USA,
whereas it was approved for JIA in Japan 10 years after its
approval for the same indication in the USA.

simultaneously (Fig. 3; Table 3).]1 In Japan, however, it was
approved in an extremely short period of time after its
approval in the USA; 3 year for RA and 2 years for JIA. In
addition, it took only 1 year from application to approval in
Japan. The duration of the review period in Japan was similar
to that in other countries.

Palivizumab

Indications for palivizumab for premature infants and for
congenital heart disease were approved in Japan with a delay
of 2—4 years after the approval in the USA (Fig. 4; Table 4).12
In 2013, additional indications for this medicine were
approved in Japan for the first time in the world, and it will
be interesting to see how these indications will be extended
worldwide.

Both etanercept and adalimumab were biologics that were
developed and approved outside Japan and then were
approved in Japan after completing the domestic clinical trials,
but there were large differences in the time to approval
compared with overseas, or in the time from application to
approval. The differences are understandable in the following
context. The year 2011 corresponds to the final year of the
“Five-Year Strategy for Creation of Innovative Pharmaceutical
Products and Medical Devices” in Japan, and various
programs were conducted to achieve the target review period
(median) of 12 months for normal review items (administra-
tive side, 9 months; applicant side, 3 months) and that of

Table 2 Approval process for etanercept in Japan

6 months for priority review items (administrative side,
6 months; applicant side 3 months) that were set at the begin-
ning of the project. As a result, the median development
period and review period were 42.2 months (i.e. 3.5 years)
and 10.1 months (i.e. 0.8 years), respectively, in 2011, and the
review period in that year was 4.7 months shorter than that in
2010, and the shortest since 2000, when the survey started.
The differences in time to approval between outside and inside
Japan and the interval between application and approval in
Japan between the aforementioned two biologics might reflect
the difference in the timing of the review period (whether it
was reviewed in 2011 or not). This indicates that the attempt
to reduce the review period surely succeeded.

Proposal for the development of biologics and
other agents for children

As mentioned, it is apparent that the duration of a review
period required for the preparation of clinical trials and Phar-
maceuticals and Medical Devices Agency approval clearly
reduced in 2011 compared with the past. Thus, it was specu-
lated that a rate limiting step in the process from development
to approval was the duration of clinical trials from start to

2009 2011
Approved Approved for
for CD RA/Joint destruction
2005 2008 2010 2012
Approved for Approved Approved Approved
RA for Ps/PsA for JIA for UC/IBD
| 1 1 1
T ] ] ] |
2002 2005 2007 2008 2012
USA: EU: USA: USA: EU:
Approved Approved for Approved Approved Approved
for RA Joint for CD For JIA for UC
destruction in
2006 2007
EU: EU:

Approved Approved

Global | forAs forPs

Fig. 3 Timeline of development of adalimumab. After the
world-first approval of adalimumab for rheumatoid arthritis (RA)
in the USA, it took 6 years to be approved for juvenile idiopathic
arthritis (JIA), probably because its development for various
related diseases were progressing simultaneously. In Japan, how-
ever, it was approved in an extremely short time after its approval
in the USA: 3 years for RA and 2 years for JIA. In addition, it
took a short time of 1 year from the application to approval of
adalimumab in Japan. AS, ankylosing arthritis; CD, Crohn’s dis-
ease; IBD, inflammatory bowel disease; PsA, psoriatic arthritis;
UC, ulcerative colitis.

Indication

Application date

Review committee Approval date Time lag

1 RA (Use only for patients not effectively
treated with existing treatment)

2 pJIA (Use only for patients not effectively
treated with existing treatment)

18 November 2002

17 November 2006

October 2004 9 January 2005 -

April 2009 7 July 2009 4 years 6 months

pJIA, polyarticular juvenile idiopathic arthritis; RA, rheumatoid arthritis.
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2002 2005 2013
Approved for Approved for Approved for immuno-
premature infant congenital heart deficiency and Down
disease syndrome

1998 2003
USA: USA:
Approved for Approved for

premature infant congenital heart

disease

Fig. 4 Timeline of development of palivizumab. Indications for
palivizumab for premature infants and for congenital heart disease
were approved in Japan with a delay of 24 years after the
approval in the USA. In 2013, additional indications for this med-
icine were approved in Japan for the first time in the world.

end. Therefore, it is necessary to consider the following three
key words to promote the development of biologics and their
early practical use: “registry”, ‘“centralization” and “global
cooperation”, all of which are related to the reduction of dura-
tion of a clinical trial.

Establishment of registry

The Pediatric Rheumatology Association of Japan finalized its
registry system in April 2017. It was named Pediatric
Rheumatology International Collaboration Unit Registry
(PRICURE). We plan to register all pediatric and adolescent
patients in Japan within the next 2 years and to participate in
the international registry system. We asked several institutions
that use a domestic networked registry system for adult
patients with rheumatic diseases, about the current status of
the registry system, and they replied that there is a problem in
securing the cost of the registry maintenance. From this sur-
vey, it became apparent that the registry system could not be
maintained if the funds are exhausted, because the huge cost
of the maintenance is covered by funds personally collected
by a responsible person in the institutions (mainly from the
Health Labour Science Research Grant) in the aforementioned
system. In addition, they replied that it was also necessary to
secure the cost of the registry fee, which was 1,000 yen per
person. This suggests that long-term fundraising is essential to
establish a well-arranged registry system for children with
rheumatic diseases that is similar to that in Western countries.

There are two international registry system for children
with rheumatic diseases: the Pediatric Rheumatology Interna-
tional Trials Organization (PRINTO) in Europe and the Child-
hood Arthritis and Rheumatology Research Alliance
(CARRA) in North America, both of which are managed by
non-government organizations (non-profit organization, NPO)
and are not directly supported by the government. These
systems, however, are involved with official organizations and
funds such as National Institutes of Health (https://www.
printo.it and https://www.carragroup.org/). For example,

© 2017 Japan Pediatric Society

CARRA invites Food and Drug Administration to its congress
and PRINTO is associated with a network presided over by
the European Medicines Agency. Thus, these systems are
managed in a public nature, in cooperation with concerned
patients/parents associations. Furthermore, CARRA is finan-
cially supported by an organization of seven private compa-
nies including large pharmaceutical companies in an open
manner.

Fulfillment of centralization

Pediatric Rheumatology International Trials Organization was
started as a small organization with personal fund raising by
Alberto Martini and Nicolino Ruperto in 1996; it was devel-
oped into an international network supported by various
national governments in the EU and other countries, and it
consisted of 1,189 members from 490 institutions in 59 coun-
tries in 2014. In contrast, CARRA, a North American organi-
zation, consists of more than 425 members who cooperatively
work toward better treatment of rheumatic diseases in chil-
dren. When conducting a clinical trial, selection of a flagship/
core medical institution that has many patients with the partic-
ular disease as “the trial center” and subsequent close coopera-
tion by membership institutions enables smooth promotion of
the clinical trial. To promote a clinical trial in Japan, it would
be necessary to change the registry system to NPO or to con-
struct a system officially approved by the government or for
which the government is involved in fund-raising. It would be
important to provide incentives to institutions that cooperate
with us on centralization.

International cooperation: Taking part in a global clinical
trial

At present, PRINTO and CARRA have registered information
on approximately 8,000 and approximately 10 000 pediatric
patients with rheumatic disease, respectively. The two organi-
zations have been working together on the project to construct
a worldwide cooperative registry system on pediatric rheu-
matic disease for 3 years, and expect completion in another
2 years. Given the present situation, in which Europe and the
USA are taking big steps to construct a worldwide registry, we
will miss the global wave if we do not construct a domestic
registry system and take part in the worldwide cooperative reg-
istry system. In contrast, if we can successfully participate in
this project, we will have the opportunity to actively take part
in global cooperative trials. Participation in a global cooperative
clinical trial and hence in the resulting global simultaneous
approval using data obtained from these trials is a realistic and
effective means by which to solve the time lag in the develop-
ment and approval of medicines between the USA/EU and
Japan, and the time lag between the approval of adult and pedi-
atric indications for medicines in Japan. In short, we should
aim for global cooperation: that is, to take part in global coop-
erative clinical trials and hence in the global simultaneous
approval.



Table 4 Approval process for palivizumab outside and in Japan

Time lag in clinical trial
(between outside and in Japan)

In Japan

Outside Japan

Indication

Product name

Start of  Start of

Start of Start of

Start of

Start of

Phase III trial

Phase II

Phase I trial

phase II  phase III

phase III phase I

phase 1II

phase I

November November 1996-May May

1995-

trial

4 years

5 years

February

1999-July 2000-June

1999

December
1994—

Palivizumab for i.m. Premature infant

injection/solution

1 month 3 months

1997 (impact study)

2000

December
1996

December
1997

for i.m. injection

5 years

1998-2002 October

(cardiac study)

Congenital heart

disease

2003—-March 2004

August 201 1-April 2012

Immunodeficiency Not indicated

August 201 1-April 2012

Not indicated

Down syndrome

Time lag
of approval

Approval date Approval date

Indication

Product name

in Japan
January 2002
October 2005

outside Japan
June 1998 (USA)

September

3 years 6 months
2 years 1 month

Premature infant

Synagis for i.m.

Congenital heart

disease

injection/solution
for i.m. injection

2003 (USA)

August 2013

Immunodeficiency
Down syndrome

August 2013
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In the field of pediatric rheumatology, two global cooperative
trials are ongoing as of October 2015: (i) a trial evaluating cana-
kinumab for periodic fever syndromes (familial Mediterranean
fever, TNF-receptor-related periodic fever syndrome and hyper
v-globulinemia syndrome) except cryopyrin-associated periodic
syndrome; and (ii) a trial evaluating belimumab for systemic
lupus erythematosus. We were invited to participate in these tri-
als, but only because a sufficient number of patients could not
be recruited in the USA and EU. Therefore, there is a concern
that we will be unable to participate in a global trial due to
insufficient recruitment of subjects in Japan, if we cannot estab-
lish a registry and centralization in the future.

Future issues and perspectives

To reduce the duration of clinical trials, it is essential to take part
in a world-scale registry system via the registry system PRICURE
established by Pediatric Rheumatology Association of Japan. It is
then important to carefully plan to participate in the international
network of PRINTO and CARRA using the world-scale registry
system, with the aim of taking part in global cooperative trials in
which we can ensure a sufficient number of entries from Japan.
If, however, we cannot take part in a global cooperative trial in
the future, it is imperative that we identify the reasons for this
and adjust our policy accordingly, with reference to global coop-
eration in the adult rheumatology field in Japan.

When all of the aforementioned measures are achieved, we
should then present this proposal to the Japanese Pediatric
Society and its sectional meeting groups to set up the policy
for global cooperation.
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Abstract

Objective

Both genetic and environmental factors are associated with susceptibility to juvenile idio-
pathic arthritis (JIA). Many studies have reported that both a ‘shared epitope’ (SE) encoded
by several HLA-DRB1 alleles and the peptidyl arginine deiminase type 4 (PADI4) gene poly-
morphisms are associated with susceptibility to rheumatoid arthritis (RA). However, it is
uncertain whether JIA and RA share the latter genetic risk factor. Therefore, here we investi-
gated relationships between HLA-SE and PADI4 polymorphisms with clinical subtypes

of JIA.

Methods

JIA patients (39 oligoarthritis, 48 RF-positive polyarthritis, 19 RF-negative polyarthritis and
82 systemic) and 188 healthy controls were genotyped for HLA-DRB1 by PCR-sequence-
specific oligonucleotide probe methodology. Three PADI4 gene single nucleotide polymor-
phisms (SNPs), rs2240340, rs2240337 and rs1748033, were genotyped using TagMan
SNP Genotyping Assays.

Results

Frequencies of the HLA-SE were higher in RF-positive polyarticular JIA than in healthy
controls. RF-positive polyarticular JIA was associated with HLA-SE (OR = 5.3, 95%
Cl=2.5-11.9, pc < 0.001). No associations were found between clinical subtypes of JIA
and PADI4 allele frequency. Nonetheless, rs2240337 in the PADI4 gene was significantly
associated with anti-cyclic citrullinated peptide antibody (ACPA)-positivity in JIA. The A
allele at rs2240337 was a significant risk factor for ACPA positivity in JIA (OR = 5.6, 95%
Cl=1.71-23.7 pc = 0.03).
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February 9, 2017 1/9



@'PLOS | ONE

PADI4 and the HLA-DRB1 shared epitope in juvenile idiopathic arthritis

Ltd., Mitsubishi Tanabe Pharma, AbbVie LLC, UCB
Japan Co. Ltd., Astellas Pharma Inc., and Eisai Co.,
Ltd. Dr. Mori has also received lecture fees from
MSD K.K and AbbVie LLC, and consulting fees
from Daiichi Sankyo Co., Ltd. and Taisho
Pharmaceutical Co., Ltd. This does not alter our
adherence to PLOS ONE policies on sharing data
and materials.

Conclusion

PADI4 gene polymorphism is associated with ACPA-positivity in JIA. The association of
HLA-SE with RF-positive polyarticular JIA as well as RA is confirmed in Japanese. Thus,
HLA-SE and PADI4 status both influence JIA clinical manifestations.

Introduction

Juvenile idiopathic arthritis (JIA) is defined as a chronic arthritis developing in children <16
years of age and persisting for >6 weeks. According to the International League of Associa-
tions for Rheumatology (ILAR) classification criteria for JIA, it has 7 subtypes [1]. The 4 major
subtypes are oligoarthritis, rheumatoid factor (RF)-positive polyarthritis, RF-negative polyar-
thritis and systemic arthritis. The major pathology of oligoarthritis and polyarthritis is articular
inflammation and joint destruction. RE-positive polyarthritis is considered to be a counterpart
of adult rheumatoid arthritis (RA) [2]. In contrast to the above forms of JIA, the major pathol-
ogy of systemic JIA is systemic inflammation, which is considered similar to adult Still’s dis-
ease [3,4].

In RA and JIA, both genetic and environmental factors are associated with disease suscepti-
bility [5]. HLA class II gene polymorphisms are considered the most influential for RA suscep-
tibility [6]. Many studies have reported the association of a ‘shared epitope’ (SE) encoded by
several HLA-DRBI alleles with RA susceptibility in adults [7]. Similarly, an association
between HLA-SE and susceptibility to JIA has been reported in Caucasians [8]. We have previ-
ously reported that HLA-DRB1*04:05, a major SE-containing allele, is associated with polyarti-
cular JIA also in the Japanese population [9].

More recently, a number of RA susceptibility genes outside of the HLA region have been
identified by genome-wide association studies (GWAS) [10,11]. One of these, peptidyl argi-
nine deiminase type 4 (PADI4) was first reported in Japanese RA patients [12,13], and subse-
quently confirmed in several Asian groups and subgroups of Europeans [14-17]. PADI4 is one
member of PADI gene family. It codes for enzymes responsible for the posttranslational con-
version of arginine residues into citrulline. It was indicated that an RA susceptibility haplotype
in PADI4 was associated with increased stability of PADI4 mRNA [13]. And it could lead to
accumulation of PADI4 protein, with subsequent increases in citrullinated proteins and
enhanced production of autoantibodies against these citrullinated peptides [18].

PADI4 mRNA is detected in hematological cells and pathological synovial tissues [19,20].
And it was reported that PADI4 significantly overexpressed in the blood cells of RA patients
[21]. Moreover, PADI4 have a nuclear localization signal, which affects the expression control
of various genes [22]. PADI4 may have various role in the immune system and associated with
development of autoimmune disease.

In each of the JIA subtypes, age of onset, clinical course and serological findings are differ-
ent, which may be accounted for by different influences of the genetic background. However,
it is uncertain whether JIA (particularly the RE-positive polyarthritic form) and RA share any
genetic risk factors other than HLA-SE. There are no reports that PADI4 risk alleles are
involved in JTA disease susceptibility. In the present study, which includes our previous cohort
[9], we investigated relationships between HLA-SE and PADI4 polymorphisms, and clinical
subtypes of JIA in the Japanese population.
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Materials and methods
Study population

Patients were eligible if they met the ILAR classification criteria for JIA. A total of 188 JIA
patients (39 oligoarthritis, 48 RF-positive polyarthritis, 19 RF-negative polyarthritis and 82 sys-
temic), comprising 59 boys and 129 girls, was enrolled in this study and followed at the Yoko-
hama City University Hospital between December 2006 and December 2009. This cohort
included the 106 oligo- and poly-articular JIA patients who were described in our previous
study [9]. Clinical data including age at onset, gender, RF and anti-cyclic citrullinated peptide
antibody (ACPA) status were reviewed.

We conducted this study in accordance with the Declaration of Helsinki and with the
approval of the Ethics Committee of the Yokohama City University School of Medicine. Writ-
ten informed consent was obtained from each patient and/or their guardian. (Approval num-
ber: A090528002)

HLA genotyping

Genomic DNA was isolated from peripheral blood using the QIAamp DNA Mini kit (Qiagen
K.K., Tokyo, Japan). JIA patients and healthy adult controls were genotyped for HLA-DRB1
using PCR sequence-specific oligonucleotide probes (SSOP) by the Luminex method with
Genosearch HLA-A, -B and -DRB1 Ver. 2 (Medical & Biological Laboratories Co., Ltd.
Nagoya, Japan), as described previously [9]. HLA-DRB1%01:01, *04:01, *04:04, *04:05, *04:10,
*10:01, *14:02 and *14:06 were regarded as HLA-SE alleles [23].

PADI4 genotyping

Three single nucleotide polymorphisms (SNPs), rs2240340, rs2240337 and rs1748033 in the
PADI4 gene were selected based on previous research [12,13]. Genotyping for these in 188 JIA
patients and 188 healthy adult controls was performed using TagMan SNP Genotyping Assays
(AB assay ID: C__16176717_10 for rs2240340, C___3123009_1 for rs2240337 and
C___7541083_1 for rs1748033). These SNPs were analyzed by real-time PCR using the
AB7500 Real Time PCR system (Applied Biosystems, Foster City, CA, USA) under the condi-
tions recommended by the manufacturer. Allele discrimination was accomplished using SDS
software version 1.4 (Applied Biosystems).

Statistical analysis

The statistical significance of the differences in the frequencies of HLA-DRBI alleles or PADI4
gene polymorphisms between JIA subtypes was evaluated by Fishers exact test. A corrected P-
value (Pc) was calculated by multiplying the P-value by the number of HLA-DRBI alleles
tested at each locus. For the PADI4 gene polymorphisms, we examined 3 SNPs and used a
total of 5 independent tests.

Results
Patients’ characteristics

Characteristics of the patients studied are shown in Table 1. Patients comprised 39 children

with oligoarthritis, 48 with RF-positive polyarthritis, 19 with RF-negative polyarthritis and 82
with systemic arthritis. The mean age at onset of oligoarthritis was 5.6 years, RE-positive poly-
arthritis was 8.2 years, RF-negative polyarthritis was 7.1 years and systemic arthritis 5.0 years.
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Table 1. Clinical characteristics of JIA patients.

Oligo articular JIA

(n=39)
Age at JIA onset (years, 5.6
mean)
Gender (female, %) 35 (90%)
ANA (>1:160,%) 16 (41%)
RF (>14.0 (IU ml-1),%) 9 (23%)
Anti-CCP (>4.5(U ml-1),%) 8 (21%)

d0i:10.1371/journal.pone.0171961.t001

RF positive, polyarticular JIA RF negative, polyarticular JIA Systemic JIA
(n=48) (n=19) (n=82)
8.2 71 5
40(83%) 10(53%) 44 (53%)
19(40%) 3(16%) 3/78 (4%)
48(100%) 0(0%) -
40(83%) 0(0%) 0/43 (0%)

HLA-DRB1 and JIA subtypes

188 healthy controls was genotyped for HLA-DRB1 to determine associations of HLA-DRBI
and HLA-SE with JIA subtype susceptibility. According to ILAR classification criteria for JIA,
REF-positive oligoarticular JIA is classified as “undifferentiated”. Thus, such cases were
excluded from the oligoarthritis group in HLA association studies. RF-positive polyarticular
JIA was significantly associated with HLA-DRB1%04:05 and HLA-SE (OR = 5.1,

95% CI = 2.5-11, pc < 0.001; OR = 5.3, 95% CI = 2.5-11, Pc < 0.001, respectively) (Table 2).
In contrast, frequencies of HLA-DRB1*04:05 and HLA-SE were not higher in the other types
of JIA patients.

PADI4 polymorphisms and JIA subtypes

Frequencies of PADI4 gene polymorphisms studied in JIA patients and controls are shown in
Table 3. There were no associations between clinical subtypes of JIA and PADI4 gene poly-
morphisms. Nonetheless, the PADI4 SNPs were significantly associated with ACPA positivity
in JIA (Table 4). Because the ACPA status of all systemic JIA patients measured in this study
was negative (0/43), systemic JIA was excluded from the data in Table 4. Hence, the A allele at
rs2240337 is a significant risk factor for ACPA positivity in oligo- and poly-articular JTA

(OR =5.6,95% CI = 1.7-24 Pc = 0.03). Finally, there were no associations between HLA-SE
and PADI4 gene polymorphisms in oligo- and poly-articular JIA (Table 5).

Table 2. Association of HLA-DRB1*04:05 and HLA-SE with susceptibility to JIA subtypes.

HLA-DRB1*0405 Genotype (*0405/any) OR 95% ClI P-value Pc
control (n = 188) 40 (21.3%) - - - -
Oligoarticular JIA (n = 30) 1(3.3%) 0.1 0.01-0.82 0.02 NS
RF positive, polyarticular JIA (n = 48) 28 (58.3%) 5.1 2.50-10.7 <0.001 <0.001
RF negative,polyarticular(n = 19) 4(21.1%) 1 0.30-4.42 0.98 NS
RF negative(oligo+poly)(n = 49) 5(10.2%) 0.4 0.86-8.17 0.078 NS
Systemic JIA (n = 82) 21 (25.6%) 1.3 0.66—2.42 0.43 NS
HLA-SE Genotype (SE/any) OR 95% ClI P-value Pc
control (n = 188) 68 (36.2%) - - - -
Oligoarticular JIA (n = 30) 6(20.0%) 0.4 0.14-1.18 0.082 NS
RF positive polyarticular JIA (n = 48) 36 (75.0%) 5.3 2.47-11.9 <0.001 <0.001
RF negative,polyarticular(n = 19) 5(26.3%) 0.6 0.17-1.96 0.39 NS
RF negative(oligo+poly)(n = 49) 15(30.6%) 0.8 0.37-1.60 0.47 NS
Systemic JIA (n = 82) 33 (40.2%) 1.8 0.67-2.09 0.59 NS
SE, shared epitope: HLA-DRB1*04:05,01:01,04:01,04:10,10:01,14:02,14:06
doi:10.1371/journal.pone.0171961.t002
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Table 3. Association between PADI4 gene polymorphisms and susceptibility to JIA subtypes.

rs2240340 G allele Aallele MAF OR 95% ClI P Pc
Control (n = 188) 223 153 0.41 - - - -
Oligoarticular JIA (n = 30) 37 23 0.38 0.9 0.49-1.64 0.73 NS
RF positive, polyarticular JIA (n = 48) 49 47 0.49 1.4 0.87-2.25 0.17 NS
RF negative,polyarticular(n = 19) 24 14 0.37 0.9 0.39-1.78 0.64 NS
RF negative,oligo+poly articular(n = 49) 61 37 0.38 0.9 0.54-1.43 0.6 NS
Systemic JIA (n = 82) 92 72 0.44 1.1 0.77-1.68 0.51 NS
rs2240337 G allele Aallele MAF OR 95% ClI P Pc
Control (n = 188) 350 26 0.07 - - - -
Oligoarticular JIA (n = 30) 57 3 0.05 0.7 0.13-2.43 0.45 NS
RF positive, polyarticular JIA (n = 48) 85 11 0.12 1.7 0.75-3.82 0.14 NS
RF negative,polyarticular(n = 19) 37 1 0.03 0.4 0.01-2.36 0.25 NS
RF negative,oligo+poly articular(n = 49) 94 4 0.04 0.6 0.14-1.71 0.21 NS
Systemic JIA (n = 82) 149 15 0.18 1.4 0.65-2.74 0.38 NS
rs1748033 G allele Aallele MAF OR 95% ClI P Pc
Control (n = 188) 239 137 0.36 - - - -
Oligoarticular JIA (n = 30) 42 18 0.30 0,7 0.39-1.39 0.33 NS
RF positive, polyarticular JIA (n = 48) 55 41 0.43 1.3 0.80-2.10 0.29 NS
RF negative,polyarticular(n = 19) 26 12 0.32 0.8 0.36-1.72 0.55 NS
RF negative,oligo+poly articular(n = 49) 68 30 0.31 0.8 0.46-1.27 0.28 NS
Systemic JIA (n = 82) 120 44 0.27 0.6 0.42-0.97 0.03 NS
doi:10.1371/journal.pone.0171961.t003
Table 4. Association between PADI4 gene polymorphisms and ACPA positivity in oligo- and poly- articular JIA patients (n = 106).
Anti-CCP(-) Anti-CCP (+) OR 95% CI P Pc
(<4.5U ml-1) (>4.5U ml-1)
(n=58) (n=48)
rs2240340 allele 75 46 2 1.1-3.6 0.018 NS
recessive 26 11 2.7 1.1-71 0.024 NS
dominant 49 35 2 0.70-6.0 0.158 NS
rs2240337 allele 112 80 5.6 1.7-24 0.002 0.03
recessive 54 32 6.6 1.9-30 <0.001 <0.001
dominant - - - - - -
rs1748033 allele 80 52 1.9 1.0-3.4 0.03 NS
recessive 30 14 2.6 1.1-6.4 0.029 NS
dominant 53 38 2.8 0.78-11 0.095 NS
Recessive: GG versus (GA/AA), dominant: (GG/GA) versus AA
doi:10.1371/journal.pone.0171961.t004
Table 5. Association between PADI4 gene polymorphisms and SE positivity in oligo- and poly- articular JIA (n = 106).
GG GA/AA OR 95% CI P-value
rs2240340 SE- 20 31 1.4 0.60-3.5 0.42
SE+ 17 38 - - -
rs2240337 SE- 42 9 1.2 0.39-3.5 0.81
SE+ 44 11 - - -
rs1748033 SE- 23 28 1.3 0.57-3.1 0.56
SE+ 21 34 - - -
doi:10.1371/journal.pone.0171961.t005
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Discussion

Susceptibility to RA is influenced by both genetic and environmental factors such as smoking.
Many studies have determined that the major RA disease susceptibility genes are the HLA
class II alleles. The shared epitope (SE) hypothesis for risk of RA is well-established [7], indi-
cating that multiple HLA-DRBI alleles are the strongest known genetic risk factors for RA by
virtue of encoding a shared amino acid sequence, known as a shared epitope, SE [6]. Several
studies have also reported associations between the genetic background and JIA susceptibility
[5], including associations with HLA alleles [24-29]. An association between HLA-SE and sus-
ceptibility to JIA has been confirmed in 204 RF- or ACPA-positive Caucasian JIA patients [8].

The contribution of HLA to RA susceptibility, however, accounts for only about 30% of
incidence, implying that genes other than those in the HLA region are involved; some esti-
mates suggest as many as 100. Other genes influencing RA susceptibility have now been identi-
fied, such as PADI4, PTPN22 and CTLA4. Numerous non-HLA JIA susceptibility genes have
also been imputed using GWAS [11]. Variants at the PTPN22, STAT4, TNF-o, TNFAIP3,
MIF, WISP3, SLC11A1 and IL2-Ra loci have been reported as risk factors for JIA by several
investigators [5], although it was also reported that several of these are not necessarily shared
between different ethnic groups [10,30]. Thus, there are likely to be different genetic risk fac-
tors for JIA in different ethnic groups. Therefore, here we sought an influence of HLA-SE and
PADI4 on JIA susceptibility in Japanese, because both HLA-SE and PADI4 were reported as
significant genetic risk factors for RA independent of ethnicity [14,15,31].

We previously reported an association of HLA-A*02:06 with JIA accompanied by uveitis
and of HLA-DRB1*04:05 with polyarticular JIA [9]. In the present study, we confirmed the
association between HLA-SE and RF-positive polyarticular JIA in Japanese. However, we
found that HLA-SE was not associated with oligoarticular or systemic JIA in our cohort.
Recently, it was reported that five amino acids in three HLA molecules, including three amino
acid positions (11, 71 and 74) in HLA-DRBI, were associated with RF-seropositive RA by the
HLA-imputation method [32]. It should therefore be evaluated whether these HLA amino
acids are also associated with JIA susceptibility in future.

In addition to RF, ACPA is the most specific serologic marker in adult RA with a specificity
of 95% and a sensitivity of 80%, similar to RF [33,34]. Considering all JIA subtypes together,
ACPA was detected in 1.8-28.6% of patients, a low frequency compared to RA. However,
ACPA was present in 70-90% of RF-positive polyarticular JIA patients [35]. Bone destruction
is more severe in these ACPA-positive patients [36]. These results suggest that ACPA-positive
polyarticular JTA may be similar to RA with regard to pathogenetic processes.

PADI4, a member of the PADI family, was first reported to be associated with RA in a Japa-
nese population [12,13]. It encodes a peptidyl arginine deiminase responsible for the post-
translational conversion of arginine residues into citrulline. We investigated associations
between PADI4 gene polymorphisms and ACPA positivity in JIA in our Japanese population.
The stability of PADI4 mRNA differs according to these gene polymorphisms, which may rep-
resent the mechanism by which it influences the production of ACPA [13]. To the best of our
knowledge, there are no reports that PADI4 risk alleles are involved in JIA disease susceptibil-
ity. It is likely that PADIA4 is also a JIA susceptibility gene in ethnic groups other than Japanese,
especially in ACPA-positive JIA. This hypothesis needs further exploration.

We found no association between HLA-SE and PADI4 in JIA patients, implying that
HLA-SE and PADI4 are independent JIA susceptibility genes. However, an association
between HLA-SE and citrullination in the pathogenesis of RA has been noted [37]. The elec-
tropositive P4 pocket of HLA-DRB1*04:01/04 can accommodate citrulline-containing epi-
topes, and the CD4" T cell repertoire for citrullinated antigens is increased in RA patients
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harboring HLA-DRB1*04:01/04. These potential pathogenetic mechanisms may also contrib-
ute to JIA. Further study is needed to determine whether this is the case.

In conclusion, we found an association of PADI4 gene polymorphisms with ACPA-
positivity in JIA, as was already known for RA. We also confirmed the influence of HLA-SE on
RF-positive polyarticular JIA in the Japanese population. Thus, JIA may be classified into clini-
cal and genetic background-based subtypes using HLA-SE and PADI4 genotyping.
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Significance and Innovations:

1. Classification criteria for MAS complicating s-JIA had very high diagnostic
performance for full-blown MAS.

2. Diagnostic sensitivity for MAS onset was relatively low.

3. Dynamics of laboratory values during the course of MAS should be further

investigated.
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Abstract
Objective. To validate whether the 2016 ACR/EULAR classification criteria of
macrophage activation syndrome (MAS) complicating systemic juvenile idiopathic

arthritis (s-JIA) is practical in the real world.

Methods. A combination of expert consensus and analysis of real patient data was
conducted by a panel of 15 paediatric rheumatologists. Sixty five profiles comprised
18 patients with s-JIA—associated MAS and 47 patients with active s-JIA without
evidence of MAS. From these profiles, 10 patient data points for full-blown MAS, 11
patient data points for MAS onset and 47 patient data points for acute s-JIA without
MAS were evaluated.

Results. Evaluation of the classification criteria to discriminate full-blown MAS from
acute s-JIA without MAS showed a sensitivity of 1.000 and specificity of 1.000 at the
time of full-blown MAS. Sensitivity was 0.636 and specificity 1.000 at the time of MAS
onset. The number of measurement items that fulfilled the criteria increased in
full-blown MAS compared to that at MAS onset. At MAS onset, the positive rates of
patients who met the criteria for platelet counts and triglycerides were low, whereas
those for aspartate aminotransferase was relatively high. At full-blown MAS, the

number of patients who met the criteria for each measurement item increased.
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Conclusion. The classification criteria for MAS complicating s-JIA had a very high
diagnostic performance. However, the diagnostic sensitivity for MAS onset was
relatively low. For the early diagnosis of MAS in s-JIA, the dynamics of laboratory

values during the course of MAS should be further investigated.

Key words: macrophage activation syndrome, systemic juvenile idiopathic arthritis,

classification criteria

Introduction

Macrophage activation syndrome (MAS) is a severe complication of systemic
juvenile idiopathic arthritis (s-JIA), which is clinically characterized by fever,
hepatosplenomegaly, lymphadenopathy, depression of all 3 blood cell lines,
deranged liver function, intravascular coagulation and central nervous system
dysfunction [1]. MAS is a potentially life-threatening disease, and, thus, a timely and
prompt diagnosis is essential to initiate life-saving treatment. However, it can be
difficult to distinguish MAS from s-JIA flares, sepsis or other secondary
haemophagocytic lymphohistiocytosis (HLH). Differentiation of MAS from these
conditions is essential for the selection of an appropriate therapeutic intervention in a

timely fashion. However, no definite clinical or laboratory parameter can establish

This article is protected by copyright. All rights reserved.



MAS diagnosis.

Researchers have recently developed the classification criteria for MAS
complicating s-JIA [2,3]. These criteria define MAS complicating s-JIA as a febrile
patient with known or suspected s-JIA who is classified as having MAS if the following
criteria are met: ferritin > 684 ng/ml and any 2 of the following: platelet count= 181 x
10%), aspartate aminotransferase (AST) >48 units/l, triglycerides (TG) > 156 mg/dI
and fibrinogen < 360 mg/dl. These criteria include only laboratory data and no clinical
manifestations except fever, because transition of MAS is commonly suspected by
the detection of subtle laboratory alterations, and clinical symptoms are often delayed.
Furthermore, these criteria do not include the detection of hemophagocytosis in bone

marrow biopsy specimens or bone marrow aspirates as well.

Recent advances in understanding of the pathophysiology of MAS including
underlying genetic defects and the treatment for MAS revealed clinical heterogeneity
of MAS [1, 4-6]. Therefore, validation of new classification criteria for MAS
complicating s-JIA in different patient cohort might have added value. In this report,
we validated whether the classification criteria for MAS complicating s-JIA is practical

in the real world in Japanese s-JIA patients with or without MAS.
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Methods

Patients and Methods

We enrolled 96 Japanese s-JIA patients with or without MAS in this study, and
performed validation of the classification criteria for MAS complicating s-JIA based on
a combination of expert consensus and analysis of real patient data. The minimum
required level of agreement among experts was set at 80%. Investigators were asked
to include s-JIA patients with MAS seen after 2006. This timeframe was chosen
because preliminary diagnostic guidelines for the diagnosis of MAS was reported in
2005 [7]. The patients who had been treated with any biological agents such as
tocilizumab until the time of analysis were not included, because these agents might
modify clinical presentation of MAS [8-10]. For patients with MAS, information on
laboratory features from the acute s-JIA phase to MAS phase that included at least 3
time points (the last visit before MAS onset, the time of MAS onset and the period of
full-blown MAS) were collected. MAS onset was defined as the time when the initial
clinical and/or laboratory abnormalities suggesting the occurrence of MAS were
detected [11]. Full-blown MAS was defined as the time at which MAS reached its

most severe stage [11].
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We reported 96 patients (30 with MAS and 66 with active s-JIA without MAS)
from 13 institutes of pediatric rheumatology in Japan. A panel of 15 experts was first
asked diagnose the 96 patient profiles with or without MAS based on clinical and
laboratory features at the time of disease onset. Of the 96 patient profiles, 31 were
excluded because of insufficient data or suspicion of systemic infection. Among the
remaining 65 patient profiles, 18 patients were diagnosed with MAS and 47 without
MAS by the experts. Of the 18 patients with MAS, 10 were diagnosed with full-blown
MAS and 8 with MAS onset. Laboratory data was also available at MAS onset for 3 of
the 10 patients with full-blown MAS. From these profiles, 15 experts evaluated the
laboratory data based on MAS classification criteria that resulted in 10 patient data
points for full-blown MAS, 11 (8+3) patient data points for MAS onset and 47 patient
data points for acute s-JIA without MAS. The mean ages of 18 MAS patients and 47
s-JIA patients were both 6.5 year, and sex ratios were 10:8 and 23:24, respectively.
Table 1 shows the clinical characteristics of patient data points in each phase. This

study was approved by the institutional review boards of all participating centres.
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Statistical analysis

The performance of the classification criteria was analyzed by assessing the
sensitivity, specificity and likelihood ratio. Within-group comparison was analysed
using Fisher's exact test. For the analysed measures, p-values less than 0.05 were

considered statistically significant.

Results

Validation of the classification criteria of MAS complicating s-JIA at MAS onset

and full-blown MAS

At the time of full-blown MAS, 10 of the 10 patients fulfilled the criteria, whereas
no patient who did not have MAS fulfilled them. Evaluation of the ability of the new
classification criteria to discriminate full-blown MAS from acute s-JIA without MAS
showed a sensitivity of 1.000, a specificity of 1.000. At the time of MAS onset, 7 of the
11 patients with MAS fulfilled the criteria, whereas no patient who did not have MAS
fulfilled them. Evaluation of the ability of the new classification criteria to discriminate
MAS onset from acute s-JIA without MAS showed a sensitivity of 0.636, a specificity

of 1.000. Negative likelihood ratio was 0.363.
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Comparison of the number of measurement items that fulfilled the criteria
between MAS onset and full-blown MAS

At the time of full-blown MAS, ferritin levels in 10 patients with MAS were all
>684 ng/ml. At MAS onset, 10 of the 11 patients fulfilled it. As shown in Table 2, for
full-blown MAS, in 9 out of 10 patients, over 3 items fulfilled the criteria. On the other
hand, at the onset of MAS, in only 2 out of 11 patients, over 3 items fulfilled the
criteria.
Comparison of the number of patients who met the criteria for each

measurement item between MAS onset and full-blown MAS

As shown in Table 3, at MAS onset, the positive rates of patients who met the
criteria for each measurement item were variable; rates for platelet count, TG and
fibrinogen were low, whereas that for AST was relative high (about 70%). At
full-blown MAS, the number of patients who met the criteria for each measurement

item increased, and the positive rate for AST was 100%.

Discussion

We validated the classification criteria for MAS complicating s-JIA in 65
Japanese s-JIA patients with or without MAS. At the time of full-blown MAS, the

classification criteria for MAS complicating s-JIA had a very high performance for the
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diagnosis of full-blown MAS.

Ferritin levels exhibited the largest change over time during MAS, indicating that
it plays a major role in MAS detection [12]. Furthermore, ferritin had the greatest
influence on the experts’ diagnosis of patients with or without MAS [2,3]. In this study,
ferritin levels in patients with full-blown MAS were all >684 ng/ml. Furthermore, most
of all patients during MAS onset fulfilled this. These findings support that ferritin is a

key parameter in the classification of MAS.

The number of measurement items that fulfilled the criteria was increased in
full-blown MAS compared to those at MAS onset. These findings indicate that an
increased number of measurement items might be correlated with the severity of
MAS. Serial observations of the time course of these measurement items might be
useful for an evaluation of disease activity in MAS. At MAS onset, the positive rates of
patients who met the criteria for platelet counts and TG were low, whereas that for
AST was relative high. At full-blown MAS, the number of the patients who met the
criteria for each measurement item increased. These findings indicate that the time

course of these items during MAS might be different.
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In this study, we observed the sensitivity of the MAS onset diagnosis to be
relatively low. An early, timely and prompt diagnosis of MAS is essential to initiate
life-saving treatment. The dynamics of laboratory values during the course of MAS
should be further investigated and optimal variation cut-off values should also be
established. Furthermore, recent studies showed clinical usefulness of serum
cytokine measurement for assessing the transition to MAS from acute phase as well
as the differentiaion MAS from the other secondary hemophagocytic
lymphohistiocytosis [13,14]. To establish the criteria for the timely diagnosis of the
onset of MAS, further studies to determine the kinetics of laboratory tests and reliable
biomarkers such as IL-18, sTNFRIl/I ratio, IFN-y, and IFN-y-induced chemokines,

and to clarify the usefulness of paneling them is desired.

The limitation of this study is a small sample size and a retrospective analysis of
a multicenter gathered cohort. Further larger prospective study might bring high

added value to this study.

In conclusion, the classification criteria for MAS complicating s-JIA had a very
high performance for the diagnosis of full-blown MAS with high sensitivity and

specificity. However, diagnosis sensitivity for MAS onset was relatively low. For an
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early diagnosis of MAS in s-JIA, the dynamics of laboratory values during the course

of MAS should be further investigated.
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Table 1: Clinical manifestations and laboratory findings in each group.
Full-blown MAS Onset of MAS Non-MAS
Number of patient data points 10 11 47
Clinical manifestations

N N N
Fever 10 10 11 11 47 43
Rash 10 9 11 9 47 30
Hepatomegaly 10 3 11 2 47 6
Splenomegaly 10 1 11 1 47
Lymphadenopathy 10 3 11 4 47 13
Central nervous system involvement 10 0 11 0 47 0
Hemorrhagic manifestations 10 0 11 0 47
Heart, Lung, Kidney failure 10 1 11 0 47 0

Laboratory results

N mean N mean N mean
White blood cell count (/mm?) 10 11897 11 12899 47 16738
Neutrophils count (/mm®) 9 6935 11 10423 44 13643
Platelet count (x10%/mm?) 10 14.9 11 245 47 40.7
Hemoglobin (g/dL) 10 9.9 11 10.6 47 11.1
C-reactive protein (mg/dL) 10 8.3 11 9 47 9.9
Aspartate aminotransferase (IU/L) 10 519 11 88 47 36
Alanine aminotransferase (IU/L) 10 242 11 78 47 29
Lactate dehydrogenease (IU/L) 10 2153 11 632 47 338
Triglyceride (mg/dL) 10 246 11 164 47 98
Albumin (g/dL) 10 2.9 10 2.9 46 3.1
Serum sodium (mEg/L) 10 134 10 135 46 137
Fibrinogen (mg/dL) 10 267 11 366 47 608
Ferritin (ng/mL) 10 23797 11 11613 47 1508
Fibrin degradation product (pug/ml) 6 188.1 6 21.6 20 9.5
D-dimer (ug/ml) 7 78.8 11 26.4 41 4.2

Therapeutic interventions (at the time of analysis, treatment ever used before analysis)

N N N
Any corticosteroids 10 6,6 11 4,4 49 11,12
Cyclosporine 10 2,2 11 1,1 49 1,1
Intravenous immunoglobulin 10 0,1 11 0,0 49 0,0
Other immunosuppressants 10 0,0 11 0,1 49 4,4

Outcome
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Death

Table 2: Comparison of the number of measurement items which fulfilled criteria
between MAS onset and full-blown MAS

Number of measurement items fulfilled criteria

4 3 2 1 Total
MAS onset 1 1 6 3 11
Full-Blown MAS 6 3 1 0 10

MAS onset (n=11) Full-blown MAS (n=10)

Platelet count 2 (18.2%) 8 (80%)
AST 8 (72.7%) 10 (100%)
TG 5 (45.5%) 8 (80%)
Fibrinogen 7 (63.6%) 9 (90%)

Table 3: Comparison of the number of the patients who met the criteria for each
measurement item between MAS onset and full-blown MAS
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ABSTRACT
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Objectives: The objectives of this surveillance were to determine safety and effectiveness of etanercept
in patients with juvenile idiopathic arthritis (JIA).

Methods: In this postmarketing surveillance, patients aged 5-16 years with active polyarthritis JIA
were treated with etanercept at the doses approved in the Japanese package insert. The occurrence
and seriousness of adverse events (AEs) were assessed using the Japanese Medical Dictionary for
Regulatory Activities version 15.1. Effectiveness was determined as the improvement from baseline in
disease activity score in 28 joints (DAS28)-erythrocyte sedimentation rate (ESR), remission, and phys-
ician’s assessment of overall improvement. The number of responders was expressed as a percentage.
The last observation carried forward method was used to impute missing data.

Results: Safety analysis included 102 patients; 22 patients experienced 36 treatment-related AEs, three
of which were unexpected, None of the AEs were deemed to need special safety warnings.
Effectiveness analysis included 87 patients. At 24 weeks, 29/46 (63.0%) patients demonstrated either
good or moderate response in DAS28-4/ESR and treatment was assessed to be markedly effective or
effective by physicians in 79/83 (95.2%) patients.

Conclusions: These data are consistent with earlier reports showing that etanercept was effective and
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demonstrated no safety signals in patients with JIA.

Introduction

Juvenile idiopathic arthritis (JIA) is a chronic childhood
inflammatory rheumatic disease of unknown etiology [1,2]
and occurs in approximately 10-15 in 100,000 children {3].
JIA is characterized by persistent joint pain, swelling,
inflammation, and limited range of mobility, with a high
risk of disability [1,2] severely affecting the patient’s physical
abilities, psychology, and quality of life [4,5].

The lack of known etiology, the inherent heterogeneity of
JIA, and the age of the patients make it difficult to develop
a standard, targeted treatment regimen. Treatment para-
digms are still evolving and vary widely depending on the
treating physician [6]. Until recently, there were no guide-
lines for treatment of JIA. In general, the treatment goals
include stopping active disease, relieving pain, restoring
physical function and growth, and improving quality of life
[7,8]. However, unlike strategies for treating adult rheumatic
diseases, these guidelines do not specify treat-to-target or
tight control strategies [6].

The choice of treatment strategy depends on the type of
JIA [8]. For example, non-steroidal anti-inflammatory drugs

(NSAIDs) along with physiotherapy are recommended for
patients with oligoarthritis JIA. With increasing disease
severity, glucocorticoids and disease-modifying anti-rheum-
atic drugs (DMARDs), including methotrexate, can be
added. Tumor necrosis factor (INF) inhibitors are the first
choice for treating polyarthritis JIA [8,9]. Data from clinical
trials [10-12] and open-label studies [13] demonstrate that
etanercept is effective in 80% of patients, sustained over sev-
eral years, and improves patient health-related quality of life,
with an acceptable safety profile [14].

In this paper, we report on the results from an all-patient,
postmarketing surveillance (NCT01145352) that evaluated
the safety and effectiveness of etanercept for the treatment
of polyarthritis JIA in daily medical practice.

Methods
Surveillance design and patients

In this multi-center, all-patient, postmarketing surveillance,
patients 5-16 years of age with active polyarthritis JIA were
targeted. Patients with other subtypes of JIA who enrolled in
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the study and treated with etanercept were included in the
safety analysis. Patients were administered a single subcuta-
neous injection of etanercept 0.2-0.4mg/kg twice weekly
(pediatric etanercept dosage specified in Japanese package
insert). The study was conducted in accordance with the
good postmarketing surveillance practice.

Endpoints

The primary endpoint was to determine the safety of etaner-
cept treatment in patients with JIA. All occurrences of
adverse events (AEs), especially infection-associated AEs,
after initiation of etanercept were recorded and assessed
based on the Japanese Medical Dictionary for Regulatory
Activities (MedDRA) version 15.1 [15]. Secondary endpoints
included improvement in disease activity score in 28 joints-4
parameters/erythrocyte sedimentation rate (DAS28-4/ESR)
[16] at 24 weeks and physician’s assessment of patient over-
all improvement.

Data analysis

Disease activity was categorized as low (DAS28-4/ESR >2.6
to <3.2), moderate (DAS28-4/ESR >3.2 to <5.1), or high
(DAS28-4/ESR >5.1). Remission was defined as DAS28-4/
ESR <2.6. Patients were considered responders if they dem-
onstrated either good (improvement >1.2 in DAS28-4/ESR)
or moderate (improvement 0.6 to <1.2 DAS28-4/ESR)
response to etanercept according to the European League
Against Rheumatism (EULAR) response criteria [17].
Patients were also considered responders if etanercept was
either markedly effective or effective as evaluated by the
investigator. The number of responders was expressed as a
percentage and the 95% confidence intervals (CI) were esti-
mated. The paired #-test was used to compare DAS28

" Patients enrolled
N=113

differences between baseline and weeks 4, 8, 12, 16, 20, and
24, Statistical significance was defined as p <.05 (two-tailed
test). The last observation carried forward (LOCF) method
[18] was used to impute missing data obtained after the
administration of etanercept, except for baseline values
which were not carried forward.

Results
Patient characteristics

A total of 113 patients were registered in the surveillance, of
which six patients were found to have been duplicated due
to change of treatment center (Figure 1); the duplicated
assessments were excluded. Of the 107 patients, five patients
were excluded from safety analysis: four patients discontin-
ued treatment before it was approved and one patient used
a different formulation of the drug. Of the 102 patients
available for safety analysis (Table 1), 38 (37.3%) had a his-
tory of being treated with etanercept (these patients were
involved in a clinical trial on etanercept or were receiving
treatment prior to approval), and 7 (6.9%) had a history of
being treated with tocilizumab. Of these 102 patients
24 (23.5%) were male and 78 (76.5%) female; 64 (62.8%)
presented with rheumatoid factor-positive polyarthritis JIA,
21 (20.6%) with rheumatoid factor-negative polyarthritis
JIA, 9 (8.8%) with oligoarthritis JIA, and 6 (5.9%) with sys-
temic onset JIA. Thirty-nine patients were categorized to
Steinbrocker functional class I, 58 patients to class II, and
four patients to class III. The duration of disease was >5
years in 49 (48.0%) patients. Fifteen patients were excluded
from effectiveness analysis including five patients with dis-
eases not eligible for the surveillance, effectiveness data after
treatment not being available for nine patients, and two
patients receiving etanercept for less than two weeks; one

Patients duplicated (hospital transfer)
n==6
S
h 4
[Unique patients enrolled ]
n =107 Patients excluded from safety analysis
n=5
Discontinued treatment prior to etanercept approval,
n=4
A\ 4 Wrong formulation,
n=1
Patients in safety \. J
analysis
n=102 . ) .
Patients excluded from efficacy analysis A
n=15
Ineligible disease, n =5
Efficacy data after treatment not available, n = 9*
v Administered <2 weeks, n = 2*
*Duplicated case, n=1
Patients in efficacy J
analysis
n=287

Figure 1. Patient disposition.
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patient was excluded for multiple reasons. Of the remaining
87 patients available for effectiveness analysis, 34 had a his-
tory of etanercept treatment.

Safety

Of 102 patients evaluated for safety, 22 (21.6%) patients
experienced 36 treatment-related AEs (Table 2). The most
common treatment-related AEs reported were upper respira-
tory tract inflammation (n=6), injection site reaction
(n=5), influenza (n=3), and pharyngitis, dermatitis, and
alanine aminotransferase increase (n=2, each). There were
three unexpected treatment-related AEs, based on the
Japanese package insert for etanercept, which included one
patient each of iritis, diarrhea, and acne. The case of diar-
rhea was considered serious, but it was unclear whether
there was a causal relationship with treatment; the patient
recovered when administration of the drug was stopped.
Infections, including varicella, were reported for 7 (6.9%)
patients (three with influenza, two with pharyngitis, and one
each with gastroenteritis and gastroenteritis viral). None of

Table 1. Patient demographics.

Parameter Details Number of patients (%)
Total 102 (100)
Age (years) Mean (SD) 13.3 (4.5)
<5 1(1.0)
>5to <10 24 (23.5)
>10 to <15 37 (36.3)
>15 to <20 30 (29.4)
>20 to <30 10 (9.8)
Gender Male 24 (23.5)
Female 78 (76.5)
Body weight (kg) Mean (SD) 40.6 (15.7)
<30 26 (25.4)
30 to <40 20 (19.6)
40 to <50 31 (30.4)
50 to <60 18 (17.7)
>60 7 (6.9)
BMI (kg/m?) Mean (SD) 18.9 (4.0)
<185 56 (54.9)
18.5 to <25.0 37 (36.3)
25.0 to <30.0 6 (5.9)
>30.0 1(1.0)
JIA onset type Polyarthritis RF* JIA 64 (62.8)
Polyarthritis RF™ JIA 21 (20.6)
Oligoarthritis JIA 9 (8.8%)
Systemic onset JIA 6 (5.9)
Unknown 2 (2.0)
Steinbrocker functional class | 39 (38.2)
i 58 (56.9)
] 4 (3.9)
Unknown 1(1.0)
Disease duration <2 years 29 (28.4)
>2 to <5 years 20 (19.6)
>5 years 49 (48.0)
Unknown 4 (3.9
Varicella vaccination Yes 28 (27.5)
No 61 (59.8)
Unknown 13 (12.8)
Comorbidities Hepatic dysfunction 1(1.0)
Renal dysfunction 0(0)
Prior drug use Methotrexate 90 (88.2)
Etanercept 38 (373)
Tocilizumab 7 (6.9}
Concomitant drug use DMARDs 89 (87.3)
Methotrexate 87 (85.3)
Glucocorticoids 68 (66.7)
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these events were serious and all patients recovered. Four
patients discontinued due to AEs. Three of these patients
(one patient each of pyrexia, prolonged urticaria, and herpes
zoster) experienced these AEs prior to receipt of market
authorization for etanercept in Japan, were discontinued,
and were excluded from the safety analysis. The fourth
patient excluded was due to diarrhea. Serious AEs included
one patient with diarrhea and the patient recovered when
drug administration was stopped. However, it was not deter-
mined whether there was a causal relationship with the
drug. None of the AEs were deemed to need special safety
warnings.

Among patients with a history of etanercept treatment, 6/
38 (15.8%) experienced 11 AEs, which included 2 (5.3%)
patients with upper respiratory tract inflammation and influ-
enza each, and 1 (2.6%) patient each with iritis, gastroenter-
itis, gastritis, dermatitis, pruritus, injection site reaction, and
alanine aminotransferase increase; the iritis was not pre-
dicted by the Japanese package insert for etanercept. Among
etanercept-naive patients, 16/64 (25.0%) experienced 25 AEs,
which included 4 (6.3%) with upper respiratory tract inflam-
mation and injection site reaction each, 2 (3.1%) patients
with pharyngitis, and 1 (1.6%) patient each with gastroenter-
itis viral, influenza, headache, epistaxis, diarrhea, acne, alo-
pecia, dermatitis, urticaria, fatigue, injection site erythema,
malaise, alanine aminotransferase increase, aspartate

Table 2. Treatment-related adverse events observed by system organ class
preferred term.

Number (%)

Number of patients analyzed 102 (100)
Number of patients with AEs 22 (21.6)
Number of AEs 36
Number of patients with serious AEs 1
Number of serious AEs 1
System organ class
Preferred term
Infections and infestations
Gastroenteritis
Gastroenteritis viral
Influenza
Pharyngitis
Nervous system disorders
Headache
Eye disorders
Iritis®
Respiratory, thoracic, and mediastinial disorders
Epistaxis
Upper respiratory tract inflammation
Gastrointestinal disorders
Diarrhea®
Gastritis
Skin and subcutaneous tissue disorders
Acne?
Alopecia
Dermatitis
Pruritus
Urticaria
General disorders and administrative site conditions
Fatigue
Injection site erythema
Injection site reaction
Malaise
Investigations
Alanine aminotransferase increased
Aspartate aminotransferase increased
Blood B-p-glucan increased

e e N W s g
TTTOoRO ==

oo e

N == = =N U =
cooloooke

A N W e a = oD U m O —
e I E Ty Fr e R R T R
CR=R=)
eee

coocowvovoo

NN NP N RSN NN

DMARD: disease-modifying anti-theumatic drug; JIA: juvenile idiopathic arth-
ritis; RF: rheumatoid factor.

°AE: adverse event. Unexpected based on Japanese package insert for
etanercept.
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aminotransferase increase, and blood B-p-glucan increase;
the diarrhea and acne were not predicted by the Japanese
package insert for etanercept. There were no safety warnings
deemed necessary for either group.

Effectiveness

Data to calculate EULAR response rates based on DAS28-4/
ESR were available for 46 patients, of whom 29 (63.0%)
demonstrated good or moderate DAS28 response (Table 3).
There was a steady increase over time in the number of
patients who experienced good response.

Overall, the mean + standard deviation (SD) in DAS28-4/
ESR decreased from 3.5+ 1.6 prior to administration of eta-
nercept to 1.9+1.0 at the end of 24 weeks of treatment
(Figure 2); the decrease was statistically significant (p <.001)
for all observation points through the surveillance period.
In patients with a history of treatment with etanercept, the
mean+SD DAS28-4/ESR was 2.7+2.2 and decreased to
2.0+1.2 at 24 weeks, but the change was not statistically sig-
nificant. However, the median DAS28-4/ESR score for
this subgroup was 1.9 at baseline, indicating that the major-
ity of patients were already in remission (DAS28-4/
ESR <2.6). Among patients naive for drug treatment, i.e.

had not been treated with etanercept prior to participation
in this surveillance, the mean+SD pre-administration
DAS28-4/ESR was 3.7+ 1.4 and decreased to 1.9+0.9 after
24 weeks of treatment; the decrease was statistically signifi-
cant (p < .001) for all observation points through the surveil-
lance period.

At the beginning of the surveillance period, 10/52
(19.2%) patients had high, 17/52 (32.7%) had moderate, 8/
52 (15.4%) had low disease activity, and 17/52 (32.7%) were
in remission (Figure 3(A)). Over the 24 weeks of treatment
with etanercept, the number of patients in the high and
moderate disease activity groups decreased steadily to only 1
(1.6%) patient still having high and 5 (7.9%) having moder-
ate disease activity; there was almost no change in the pro-
portion of patients with low disease activity (Figure 3(A)).
Throughout the surveillance period the proportion of
patients in remission increased steadily from 17/52 (32.7%)
to 48/63 (76.2%) indicating the shift towards remission with
treatment (Figure 3(A)). Among patients with a history of
etanercept treatment, at the beginning of the surveillance
period only 2/12 (16.7%) had high, 1/12 (8.3%) each had
moderate or low disease activity, with 8/12 (66.7%) patients
already being in remission (Figure 3(B)). Nevertheless, over
the course of the surveillance period, the number of patients

Table 3. Assessment of EULAR response over time using LOCF imputation of data.

Response® Week 4 (n=25) Week 8 (n=30) Week 12 (n=31) Week 16 (n =32) Week 20 (n=34) Week 24 (n =46)
Good response, n (%) 6 (24.0) 11 (36.7) 11 (35.5) 15 (46.9) 18 (52.9) 25 (54.4)
Moderate response, n (%) 12 (48.0) 11 (36.7) 11 (35.5) 9 (28.1) 7 (20.6) 4 (8.7)

No response, n (%) 7 (28.0) 8 (26.7) 9 (29.0) 8 (25.0) 9 (26.5) 17 (37.0)

Response rate, % (95% CI)b 72.0 (50.6, 87.9) 73.3 (54.1, 87.7)

70.9 (52.0, 85.8)

75.0 (56.6, 88.5) 73.5 (55.6. 87.1) 63.0 (47.6, 76.8)

Good response: improvement of >1.2 in DAS28 score; moderate response: improvement of 0.6 to <1.2 in DAS28 score; no response: improvement of <.6 in

DAS28 score.

PResponse rate = (good response 4+ moderate response) x 100/number of patients at respective week.
Cl: confidence interval; DAS28: disease activity score based in 28 joints; EULAR: European League Against Rheumatism; LOCF: last observation carried forward.

DAS28-4/ESR

6 1 —@— Total Population (n = 63)
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Figure 2. Change in DAS28-4/ESR score over time. The paired t-test was used to compare DAS28 differences between week 0 and week 4, 8, 12, 16, 20, and 24.
*p <.001. DAS28-4ESR: disease activity score in 28 joints-4 parameters/erythrocyte sedimentation rate; SD: standard deviation.
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in remission increased to 17/21 (81.0%) in response to eta-
nercept treatment. By comparison, among etanercept-naive
patients there was a greater proportion of patients with high
(8/40; 20.0%), moderate (16/40; 40.0%), and low (7/40;
17.5%) disease activity with a corresponding lower propor-
tion of patients in remission (9/40; 22.5%) at the onset of
the surveillance period (Figure 3(C)). By 24 weeks, there
were no patients with high disease activity in this group and
those with moderate disease activity had decreased to 4/42

DAS28-4/ESR Disease State
Total Population (n=63)

2z

100 4

80 -

60

40

NN

20

Proportion of patients (%)

DAS28-4/ESR Disease State
Patients With History of Treatment With Etanercept (n = 21)

c

100 4

80

60

N

Proportion of patients (%)

0 4 8 12 16 20 24
Weeks

DAS28-4/ESR Disease State
Etanercept-Naive Population (n = 42)

100 +

80 1

60 -

40 4

NN [

Proportion of patients (%)

Z

0 4

Z

/
12 16 20 24
Weeks
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[ Remission [Z2 Moderate Disease Activity
Low Disease Activity B High Disease Activity

Figure 3. Proportion of patients by disease state over time.
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(9.5%); there was no change in the number of patients with
low disease activity (7/42; 16.7%). The proportion of patients
in remission increased throughout the surveillance period to
31/42 (78.8%), indicating a steady shift towards more remis-
sion in response to treatment (Figure 3(C)).

Of the 83 patients evaluated for improvement at week 24
by the treating physician, etanercept was found to be mark-
edly effective in 39 (47.0%) patients and effective in
40 (48.2%) patients for an overall efficacy rate of 95.2%
(Table 4).

Discussion and conclusions

The unknown etiology and the heterogeneity of symptoms
make it difficult to diagnose and treat JIA. Treatment is fur-
ther complicated by the age of the patients — under 16 years.
Despite these hurdles, an increasing number of drugs have
been shown to be effective, including NSAIDs, DMARDs
(methotrexate, interleukin-6 inhibitors, and TNF inhibitors)
[6-8]. Although patients often achieve long-term clinical
remission when on treatment, achieving sustained remission
when not on an active treatment regimen is still not very
common [6]. Current treatment guidelines focus on elimin-
ation of active disease, management of pain, restoring phys-
ical activity, and improving quality of life [6-8]. However, it
is unclear how these guidelines are implemented in a clinical
situation.

In this paper, we report data derived from an all-patient,
postmarketing surveillance of real-world practice undertaken
at several clinics in Japan. Our data, although limited, dem-
onstrate that etanercept was well tolerated by Japanese
patients with JIA with only one serious AE (1.0%) being
reported. Our data also show that etanercept was effective in
substantially reducing disease activity as demonstrated by
the increase in the proportion of patients in remission by
the end of the 24 weeks. In addition, assessments by the
treating physicians showed improvement in 95.2% of the
patients in response to etanercept treatment. These data are
consistent with earlier reports showing that etanercept was
effective and demonstrated no safety signals in patients with
JIA [11-14,19-21].

In our surveillance, there was a distinct difference with
respect to effectiveness between patients who were etaner-
cept-naive and those with a history of etanercept treatment.
Etanercept-naive patients demonstrated significant improve-
ments from baseline throughout the surveillance period indi-
cating a beneficial response to etanercept treatment. In
contrast, patients with a history of etanercept treatment
demonstrated numerical, but not statistically significant,
improvements over the same period. This is very likely due

Table 4. Physician's assessment of overall improvement over time using LOCF imputation of data.

Response Week 4 (n=51) Week 8 (n=63) Week 12 (n = 64) Week 16 (n=65) Week 20 (n=67) Week 24 (n=83)
Markedly effective, n (%) 16 (31.4) 25 (39.7) 23 (35.9) 26 (40.0) 27 (40.3) 39 (47.0)
Effective, n (%) 32 (62.8) 34 (54.0) 37 (57.8) 35 (53.9) 34 (50.8) 40 (48.2)

Not effective, n (%) 1(20) 2332 2 (3.1) 3 (4.6) 4 (6.0) 2 (2.4)

Not assessable, n (%) 2 (3.9) 2 (3.2) 2 (3.1) 1(1.5) 2 (3.0) 2 (2.4)
Efficacy rate, % (95% CI)* 94.1 (83.8, 98.8) 93.7 (84.5, 98.2) 93.8 (84.8, 98.3) 93.9 (85.0, 98.3) 91.0 (84.5. 96.6) 95.2 (88.1, 98.7)

?Efficacy rate = (markedly effective + effective) x 100/number of patients at respective week.

Cl: confidence interval; LOCF: Jast observation carried forward.
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to the very high proportion of patients (66.7%) in this group
who were already in remission prior to initiation of treat-
ment (Figure 3(B)) during this surveillance, leaving very lit-
tle room for further improvement. Nevertheless, there was
an increase in number and proportion of patients respond-
ing to etanercept treatment in this group. The high propor-
tion of patients in remission in the group with prior history
of treatment also resulted in the relatively high remission
rate at baseline of 32.7% for the whole patient population.

The EULAR response could not be calculated for 41
patients as DAS28-4/ESR data either at baseline or after
administration of etanercept were not available for these
patients. The overall response rate after 24 weeks of treat-
ment with etanercept was 63.0% based on patients exhibiting
moderate or good response per EULAR criteria.

The main limitation of this surveillance is the small num-
ber of patients enrolled. This limitation was compounded
due to unavailability of DAS28-4/ESR data in almost half of
the patients. As this was an observational survey, there was
no comparator arm. As such, the relative efficacy and com-
parative effectiveness of etanercept treatment in JIA could
not be determined. Despite these limitations, the data
reported herein are encouraging.
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ABSTRACT

Objectives: The transition from pediatric to adult healthcare systems has recently received worldwide
attention. Surveys of the attitudes of Japanese non-pediatric rheumatologists regarding transitional
care were conducted.

Methods: Non-pediatric rheumatologists among councilors of the Japan College of Rheumatology
were enrolled in the surveys. Experiences of adult patients with childhood-onset rheumatic diseases,
ideal medical care for these patients, and factors that made the transition to adult care difficult were
examined via e-mail.

Results: Overall, 201 non-pediatric rheumatologists (21.2%) responded to the surveys. Ninety-one per-
cent had previous experience with patients with childhood-onset rheumatic disorders. Transition to
non-pediatric institutes was supported by about 90% of respondents. However, only 32% of non-pedi-
atric rheumatologists had no hesitation about caring for adults with childhood-onset rheumatology dis-
orders, Two main factors prevented smooth transitions to non-pediatric care: inadequacy of non-
pediatric care (57%) and lack of independence from parents/family (53%). The majority of non-pediatric
rheumatologists hesitated about medical care for patients with autoinflammatory syndromes, whereas
they became familiar with articular juvenile idiopathic arthritis without hesitation (86.6%); 93% of
respondents requested more opportunities to learn about pediatric rheumatology disorders.
Conclusions: Sharing additional knowledge about pediatric rheumatology within the non-pediatric
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rheumatology field is required.

Introduction

Advances in medicine have dramatically improved the prog-
nosis of childhood-onset chronic diseases, allowing patients
to survive and reach adulthood [1,2]. In Japan, 1000 patients
with childhood-onset chronic disease reach adulthood every
year, and many of them survive without serious sequelae or
disabilities [3]. The transition from pediatric to adult health-
care systems has recently received worldwide attention, and
transitional care, as defined by the Society for Adolescent
Medicine, is ‘the purposeful, planned movement of adoles-
cents and young adults with chronic physical and medical
conditions from child-centered to adult-oriented healthcare
systems’ [4].

Pediatric patients with rheumatic disorders also fre-
quently survive into adulthood [5-7]. Among pediatric
rheumatic disorder, juvenile idiopathic arthritis (JTA) is the
most common in Japan and develops in about one out of
100,000 children per year in Japan, with a prevalence of 9.74
out of 100,000 children less than 16 years of age according
to a nationwide survey [8,9]. Some long-term studies of the
outcomes of childhood-onset chronic rheumatic diseases
have been conducted; however, most reports are

retrospective, cross-sectional, or selective. Thus far, very few
reports that followed patients beyond adolescence have been
published, and studies of adult outcomes in other child-
hood-onset rheumatic diseases have shown high rates of
active disease [10]. Moreover, most reports of transition
were authored by pediatric health professionals.

Non-pediatric rheumatologists are expected to be primar-
ily responsible for the transitional care of patients with
childhood-onset rheumatic disorders. Prior to the establish-
ment of supportive guidelines for the transition of patients
to adult medical care in Japan, surveys of the attitudes of
non-pediatric rheumatologists regarding transitional care
were conducted.

Methods

Non-pediatric rheumatologists among councilors in the
Japan College of Rheumatology were enrolled in the surveys.
Experiences of adult patients with childhood-onset rheum-
atic diseases, ideal medical care for these patients, and fac-
tors that made the transition to adult care difficult were
examined via e-mail. Regarding issues preventing a smooth

CONTACT Takako Miyamae @ miyamaet@gmail.com @ Institute of Rheumatology, Tokyo Women's Medical University, 10-22 Kawada-cho, Shinjuku-ku, Tokyo

162-0054, Japan
© 2017 Japan College of Rheumatology

— 112 —



1048 (W) T. MIYAMAE ET AL,

transition to non-pediatric care, multiple choices were
allowed from checking the preset-questions.

Results

Of 947 councilors, 205 (21.6%) responded to the surveys; of
these, 201 were non-pediatric rheumatologists (21.2%). The
profiles of the councilors who responded are shown in
Table 1. The most common specialty was rheumatology
(77.1%), and 46.2% and 42.8% of them belong to university
hospitals and community hospitals, respectively. Their
experience in clinical practice was: 10-20 years, n=>58
(28.9%); 20-30 years, n =266 (32.8%); and >30 years, n=77
(38.3%). Of the 201 councilors, 182 (90.5%) had already
cared for patients with childhood-onset rheumatic diseases.
As the ideal medical care for adult patients with disorders in
pediatric rheumatology, transition to a non-pediatric insti-
tute was supported by 88% of respondents (complete switch
to non-pediatric care, 41.2%; gradual (stepwise) transition to
non-pediatric care, 46.8%; Figure 1). However, non-pediatric
councilors with no hesitation about caring for patients with
any childhood-onset rheumatic disorder accounted for only
31.8% of all respondents (Figure 2). Attitudes such as

Table 1. Profiles of responding non-pediatric councilors
of the Japan College of Rheumatology (n = 201).

n (%)

Clinical practice experience

<10 years 0 (0%)

10-20 years 58 (28.9%)

20-30 years 66 (32.8%)

>30 years 77 (38.3%)
Affiliation

University hospitals 93 (46.2%)

Community hospitals 86 (42.8%)

Clinics 17 (8.5%)

Others 5 (2.5%)
Specialty

Rheumatology 115 (77.1%)

Orthopedics 35 (17.4%)

Nephrology 3 (1.5%)

Respiratory medicine 1 (0.5%)

Keep visiting
pediatric care
(3.4%).

Supported by
both of non-
pediatric and
pediatric care
(6.4%)

Switch to non-
pediatric care,
but step by step
(46.8%)

‘No hesitation about medical care of the diseases with
enough experience’ and ‘Want to become familiar with the
medical care of the diseases if necessary information is
provided’ were observed in 45.8% and 16.9% of respondents,
respectively, suggesting inexperience to a greater or lesser
extent. With regard to issues preventing a smooth transition
to non-pediatric care, two main observations were noted:
inadequacy of non-pediatric care (57.2%) and patients lack-
ing independence from their parents/family (52.7%) follow-
ing attachment to pediatric rheumatologists by their patients
(44.8%) (Figure 3). Among childhood-onset diseases, most
of the councilors became familiar with articular JIA without
hesitation (86.6%), whereas the majority hesitated regarding
the medical care of patients with autoinflammatory
syndromes (Figure 4). Even for patients with familial
Mediterranean fever, the most frequent autoinflammatory
syndrome in Japan, less than half (43.8%) did not hesitate
about their medical care. Ninety-three percent of the counci-
lors answered that more opportunities to learn about pediat-
ric rheumatologic disorders are needed.

Discussion

Surveys of the attitudes of non-pediatric rheumatologists
regarding transitional care were conducted in this study.
The subjects of the survey were councilors of the Japan
College of Rheumatology; therefore, they were relatively eld-
erly compared to the actual population of non-pediatric
rheumatologists, which might have biased the results.
However, a preliminary survey of the attitudes of 37 rela-
tively young non-pediatric rheumatologists who practiced at
the Institute of Rheumatology, Tokyo Women’s Medical
University yielded quite similar results (data not shown),
suggesting that the results of this study likely reflect the atti-
tudes of more experienced non-pediatric rheumatologists
in Japan.

Ideal transitional care for patients and physicians should
be developed by both pediatricians and non-pediatricians.
Of all 58 medical institutes represented at the 2015

others (2.1%)

Complete switch
to non-pediatric
care (41.2%)

Figure 1. Ideal medical care for adult patients with pediatric rheumatology disorders (total of 233, multiple answers allowed).
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Figure 3. What factors prevent an ideal transition to non-pediatric care in pediatric rheumatology? (n=201).

25th Annual Meeting of the Association of Pediatric
Rheumatology Association of Japan, only two institutes were
universal medical centers taking care of all generation of
rheumatology disorders through childhood to adulthood,
whereas 10 children’s hospitals and 46 pediatric departments

in general hospitals (27 universities and 19 community hos-
pitals) were represented. These results suggest that not all
pediatric rheumatologists have sufficient opportunities to
understand the attitudes and thoughts of non-pediatric
rheumatologists regarding the medical care of patients
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Figure 4. Do you hesitate to care for patients with the following adult childhood-onset rheumatology disorders? (n = 201).

with childhood-onset pediatric rheumatic disorders. The
results of this study concluded that most non-pediatric
rheumatologists are currently in favor of medical care of
patients with childhood-onset rheumatic diseases; however,
two essential factors must be improved: inadequacy of
non-pediatric care and patients lacking independence from
their parents/family. To address the latter issue, pediatric
rheumatologists must initiate programs and/or make rec-
ommendations regarding patient transition as well as pro-
mote individual independence at regular clinic visits. The
former issue underscores the importance of opportunities
to learn about pediatric rheumatologic disorders, particu-
larly autoinflammatory syndromes. Autoinflammatory syn-
dromes, also known as autoinflammatory diseases or
periodic fever syndromes, are a group of disorders charac-
terized by recurrent episodes of systemic and organ-spe-
cific inflammation caused by abnormalities of the innate
immune system [11]. Most autoinflammatory diseases are
genetic, are present during childhood, and last throughout
life. Non-pediatric rheumatologists should at least become
familiar with the most common genetic autoinflammatory

syndrome, familial Mediterranean fever. Otherwise,
pediatricians should prepare the opportunities to learn
autoinflammatory diseases for non-pediatric
rheumatologists.
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ABSTRACT

Objectives: Mevalonate kinase deficiency (MKD), a rare autosomal recessive autoinflammatory syn-
drome, is caused by disease-causing variants of the mevalonate kinase (MVK) gene. A national survey
was undertaken to investigate clinical and genetic features of MKD patients in Japan.

Methods: The survey identified ten patients with MKD. Clinical information and laboratory data were
collected from medical records and by direct interviews with patients, their families, and their attend-
ing physicians. Genetic analysis and measurement of MVK activity and urinary excretion of mevalonic
acid were performed.

Results: None of the 10 patients harbored MVK disease-causing variants that are common in European
patients. However, overall symptoms were in line with previous European reports. Continuous fever
was observed in half of the patients. Elevated transaminase was observed in four of the 10 patients,
two of whom fulfilled the diagnostic criteria for hemophagocytic lymphohistiocytosis. About half of the
patients responded to temporary administration of glucocorticoids and NSAIDs; the others required
biologics such as anti-IL-1 drugs.

Conclusion: This is the first national survey of MKD patients in a non-European country. Although
clinical symptoms were similar to those reported in Europe, the incidence of continuous fever and

KEYWORDS
Canakinumab; genotype-
phenotype relationship;
mevalonate kinase
deficiency; national survey

elevated transaminase was higher, probably due to differences in disease-causing variants.

Introduction

Mevalonate kinase deficiency (MKD) is a rare autosomal
recessive autoinflammatory syndrome caused by disease-
causing variants of the gene encoding mevalonate kinase
(MVK), an enzyme involved in biosynthesis of cholesterol
and isoprenoids [1]. The disease manifests as a continuous
spectrum of clinical signs ranging from recurrent febrile
attacks, known as hyperimmunoglobulinemia D syndrome
(HIDS, MIM no. 260920), to a more severe form known as
mevalonic aciduria (MA, MIM no. 610377), which is also
associated with psychomotor retardation, facial dysmorphia,
cataract, and failure to thrive [2]. Low MVK activity reduces
production of cholesterol and non-sterol isoprenoids. A
shortage of isoprenoids, mainly geranyl-geranyl groups, leads
to decreased geranylgeranylation of RhoA and increased
production of IL-1B [3,4]. Currently, treatment of MKD is

based on the severity of the symptoms shown by each
patient; mild cases require NSAIDs or glucocorticoids,
whereas more severe cases require biologics or hematopoi-
etic stem cell transplantation [5,6].

Large international surveys, mainly conducted in Europe,
provide useful information about the clinical, genetic, and
therapeutic characteristics of MKD [6,7]; however, no
national surveys have been undertaken in non-European
countries. Several MKD patients have been identified in
Japan since 2009 [8], some of whom harbor novel disease-
causing variants [9,10]. Therefore, we performed a national
survey to investigate the clinical and genetic characteristics
of Japanese pediatric MKD patients. We identified 10
patients who presented with disease of varying severity,
experienced different complications, and showed different
responses to treatment. The information reported herein
provides clinical and genetic profiles of Asian patients with

CONTACT Ryuta Nishikomori @ rnishiko@kuhp.kyoto-u.ac.jp @ Department of Pediatrics, Kyoto University Graduate School of Medicine, 54 Kawahara-cho,

Shogoin, Sakyo-ku, Kyoto 6068507, Japan
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© 2018 Japan College of Rheumatology

— 116 —



2 @ T. TANAKA ET AL,

MKD and increases our understanding of MKD from a
global perspective.

Subjects and methods
Patients and clinical information

Questionnaires were sent to 705 hospitals in Japan that
admit children, and 282 replies (40%) were received. More
detailed questionnaires were then sent to these hospitals and
clinical information regarding suspected MKD cases was
obtained. Three of the patients enrolled in the study were
referred directly to our institution by pediatricians. Clinical
information, patient history, and laboratory data were col-
lected from medical records and via direct interviews with
patients, their families, and their attending physicians. MKD
was suspected if, prior to the age of 6 years, patients began
to experience recurrent attacks of fever accompanied by
lymphadenopathy, vomiting, or diarrhea [7]. Patients har-
boring two known MVK variants, or less than two known
variants combined with an abnormal metabolic result, were
considered to be true MKD patients. The metabolic criteria
were increased urinary mevalonic acid levels or reduced
MVK enzyme activity.

The disease pattern was defined as recurrent or continu-
ous according to whether the patient recovered completely
between attacks. Responses to different treatments were clas-
sified as follows: complete response (complete control of the
clinical manifestations and normalization of laboratory
parameters); partial response (persistence of some clinical
manifestations and/or abnormal laboratory findings); or
no response (absence of any substantial impact on disease
activity) [6].

Genetic analysis and measurement of mevalonate
kinase activity and mevalonic acid levels

Both the nationwide survey and the subsequent genetic anal-
yses were approved by the ethics committee of Kyoto
University, and the study was undertaken in accordance
with the Declaration of Helsinki. After obtaining written
informed consent from all study subjects (or their parents
or guardians), blood samples were taken and peripheral
blood mononuclear cells (PBMCs) were isolated, followed by
genetic analysis of MVK. MVK activity was measured as
previously described [11]. Briefly, PHA-stimulated lympho-
blasts derived from PBMCs isolated from patients were
lysed by three cycles of freezing and thawing and then incu-
bated for 25min at 37°C with 100mmol/L potassium
phosphate (pH 7.0), 4 mmol/L ATP, 6 mmol/L MgCl,, and
0.4 mmol/L mevalonic acid (hydrolyzed mevalonolactone).
Mevalonolactone solution contained R,S-[5-’H]-mevalono-
lactone (PerkinElmer; Waltham, MA). Next, mevalonate
5-phosphate and 5-pyrophosphate were separated from the
reaction mixture by thin layer chromatography. MVK activ-
ity was calculated by subjecting each chromatography strip
to liquid scintillation counting. In some cases, MK activity
was also measured in PBMCs at the Laboratory of Genetic
Metabolic Diseases (Department of Clinical Chemistry and
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Table 1. Clinical characteristics of MKD patients in Japan.

Gastrointestinal symptoms

Spleno
megaly

Musculoskeletal

Abdominal

Mucocutaneous

Continuous

Current age

Onset

Hepatomegaly

involvement

Vomiting Diarrhea

pain

involvement

Lymphadenopathy

(month) (year) Gender disease

Diagnosis

Patient number
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30%
32.4%

30%
21.6%

40%
79%

60%
84%

70%
69%

40%
88%

90%
87%

70%
85%

50%
13%

*Eyropean cohort

Summary

*European cohort; percentage of patients with each symptom 6 and 7.

HIDS: hyper-IgD syndrome; MA: mevalonic aciduria; +: present; —: absent.
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Figure 1. Characteristics of inflammatory attacks in MKD patients. (A} Duration of episode treatment (day). (B) Number of episodes per year.

Pediatrics, Academic Medical Centre, Amsterdam), meva-
lonic acid concentrations in urine were determined using
the stable-isotope dilution method, as previously described
[12]. Briefly, the extract from an aliquot of urine (pH 2.0)
spiked with '’C,-mevalonolactone was derivatized using
N,O-bis(trimethylsilyDtrifluoroacetamide and analyzed by
gas chromatography-mass spectrometry (selected ion moni-
toring mode) using a Thermo-Fisher Scientific DSQ mass
spectrometer (Thermo-Fisher Scientific, Waltham, MA).

Measurement of cytokine secretion

PBMCs (1 x 10° per well) were seeded in 96-well flat-bot-
tomed microtiter plates in RPMI 1640 supplemented with
10% heat-inactivated fetal calf serum and 1% penicillin/
streptomycin. Cells were then stimulated with LPS
(100 ng/mL; InvivoGen, San Diego, CA) for another 24h
and supernatants were collected. IL-1B concentrations were
measured in triplicate using Bio-plex Pro Human Cytokine
Assay (Bio-Rad Laboratories Inc., Hercules, CA).

Statistical analysis

The statistical significance of differences was determined by
Student’s t-test using GraphPad Prism version 5 (La Jolla,
CA). Differences were considered to be significant at p <.05.

Results
Demographic features

The study population comprised three male and seven
female patients (Table 1). The median age at the time of
symptom onset was 1 month (range, 1 week to 3 months).
The median follow-up period since age at onset was
8.1 years. Patients 5, 6, and 7 were siblings. No consanguin-
ity was observed.

Fever

The clinical characteristics of the patients are summarized in
Table 1. Seven patients (70%) showed lymphadenopathy,
accompanied by attacks of fever. When the patients were
categorized into four groups based on flare duration or flare
frequency per year, most patients had a flare duration of

between 4 and 7d (Figure 1(A)); the flare frequency was
between 7 and 11 episodes for six patients and more than
11 episodes for four patients (Figure 1(B)). Prior to anti-
inflaimmatory treatment, five of the ten patients (50%) had
continuous disease between flares.

Mucocutaneous symptoms

Nine patients (90%) had mucocutaneous symptoms, includ-
ing maculopapular rash (#=8) and aphthous stomatitis
(n=4). Two patients experienced purpura on the legs, lead-
ing to a diagnosis of IgA vasculitis. At the age of 8, Patient
5 had abdominal pain, purpura on the legs, temporal micro-
scopic hematuria, and proteinuria. At the age of 8, Patient 6
had abdominal pain and purpura on the legs, with no urine
abnormalities.

Gastrointestinal symptoms

Most patients (n=9) had gastrointestinal symptoms, includ-
ing abdominal pain (n=4), vomiting (n=7), and diarrhea
(n=6). One patient (Patient 9) presented with abdominal
symptoms after formula feeding as a newborn [13]. Her
symptoms included fever, rash, vomiting, and diarrhea.
Laboratory examination revealed sensitization to milk aller-
gens; feeding with low-allergy milk ameliorated the gastro-
intestinal symptoms temporarily. Patient 9 also suffered
from intestinal occlusion, probably due to peritonitis caused
by MKD attacks.

Musculoskeletal involvement

Musculoskeletal symptoms were noted in four patients. Two
had arthralgia and two had arthritis. These particular symp-
toms not severe in three cases but were severe in one case
(Patient 8). Patient 8 presented with recurrent fever, abdom-
inal distention, feeding difficulty, and diarrhea soon after
birth. The patient had arthritis at left wrist and right elbow
from the age of 4 months. Prednisolone was administered
first, and tocilizumab was added at the age of 8. This patient
was diagnosed with MKD 2 years later; therefore, tocilizu-
mab was switched to anakinra and then to canakinumab,
which led to complete remission of inflammatory symptoms
such as fever, headache, and arthritis. The patient does not
have any joint contractures.
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Transaminase elevation

Four of the ten patients had elevated transaminases
(Table 2). Of note, in two patients, transaminase elevation
preceded onset of periodic fever (Patients 1 and 2). Patient 1
presented with neonatal-onset chronic hepatitis and
increased CRP levels [9]. Persistent elevation of serum trans-
aminase levels, serum IgG, and anti-smooth muscle antibod-
ies led to a diagnosis of autoimmune hepatitis at the age of
14 months. Treatment with prednisolone and azathioprine
normalized serum transaminase levels. From the age of 32
months, the patient experienced periodic fever accompanied
by maculopapular rashes. Based on the genetic and labora-
tory results, a diagnosis of MKD was established at the age
of 6 years. At birth, Patient 2 presented with hydrops fetalis,
respiratory distress syndrome, anemia, and pulmonary artery
stenosis. Serum transaminase levels fell gradually without
specific treatment. The patient was admitted to hospital
with fever of unknown origin aged 1 year. The fever was
accompanied by elevated serum transaminase levels (AST,
1321 U/L; ALT, 1602 U/L). Transaminase levels normalized
again without specific treatment and remained within the
normal range thereafter. The patient started to experience
recurrent febrile attacks aged 6 years and was diagnosed
with MKD.

In the cohort described herein, the other two patients
(Patients 3 and 4) showing elevated transaminase fulfilled
the diagnostic criteria for lymphohistiocytosis (HLH) [14].
Patient 3 presented with low body weight, generalized
edema, generalized skin eruptions, and hepatosplenomegaly
[15]. The patient was treated with a chemotherapy regimen
according to the HLH-94 protocol. Due to the high etopo-
side dose (75 mg/m® every 4 d) needed to control inflamma-
tory symptoms, the patient received hematopoietic stem cell
transplantation with cord blood but died of complications
associated with the transplant. Subsequent whole-exome
sequencing analysis revealed the presence of two MVK gen-
etic variants. Patient 4 was diagnosed with MA at the age of
1 year; the diagnosis was based on inflammatory symptoms
and developmental delay. Four weeks after the first adminis-
tration of canakinumab, the patient presented with acute
liver failure. Liver metabolism capacity deteriorated rapidly
(total bilirubin, 15mg/dL; direct bilirubin, 11.5mg/dL; pro-
thrombin activity, 19%; ammonia, 113 pg/dL) and the
patient became lethargic. The patient recovered after
repeated plasma exchange and supportive care, without the
need for a liver transplant.

Other laboratory results

All patients showed vigorous acute-phase responses during
attacks, with elevated leukocyte counts (median, 19,250/pL)
and CRP levels (median, 14.5mg/dL) (Table 2). Increased
serum IgD or IgA was observed in 56 and 60% of patients,
respectively. Urinary mevalonic acid excretion was elevated in
all patients examined (Table 2). All patients tested showed
MVK activity <2% of that in healthy controls (data not
shown). Stimulation of IL-1B secretion by LPS was signifi-
cantly elevated in MKD PBMCs (Figure 2). All patients
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Complications

Anakinra Canakinumab

Prednisolone

(umol/mmolCr)

MVK variation

Diagnosis (/L) CRP (mg/dL) ALT (IU/L) IgD (mg/dL) IgA (mg/dL)
A262P?, H380R

Patient number

Transaminase elevation
Transaminase elevation

HLH, death

PR C
NA NA

PR
CR

375
423

19 1335
73 535 L51F, M282T?

1300
1602

24
125
19

Liver failure, HLH

NA NA
NA
NA
NA
NA

PR
PR
CR
CR
CR

ND
3553
519
425
449

¢.227-1G > A* homozygous

A147T, c.227-1G > A?
V278A%, ¢227-1G> A®
V278A%, ¢227-1G > A?
V278A%, ¢.227-1G > A®
G326R, homozygous

9
399
584

2223
1120

ND
<06
6.5
93
118

100
900

7.0
6.5

Arthritis

CR
NA
NA

PR
NA

NA

PR
PR

36.2
274

€.382_383 del AG?

N205D,

225
47

<1.0
<0.6

14
4

M <t 1O~

o0 O

Milk allergy, ileus

Death

PR

185 (umol/day)

G326R, homozygous

ND
60%
64%

38.6

18

6.5

10

56%
78%

ry
European cohort

Summa

b.

European cohort, percentage of patients with an abnormal value 6 and 7.

#Specific genetic variants.

b

WNL: within normal limits; ND: not determined; CR: complete response; PR: partial response; NR: no response; NA: not administered; HLH: hemophagocytic lymphohistiocytosis.

Normal ranges for each measurement (WBC <13,000/pL; CRP <0.2 mg/dL; ALT <301U/L; IgD <9.0 mg/dL; IgA< 363 mg/dL; urinary mevalonate <0.40 pmol/mmol Cr; MK activity >10%).
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Figure 3. Schematic representation of genetic variants of MVK identified in MKD patients. Previously reported variants are depicted above the exons and the
variants observed in the current cohort are depicted below. *' indicates specific genetic variants.

harbored homozygous or compound heterozygous disease-
causing variants of the MVK gene. All parents examined
harbored one of the heterozygous variants shared by the
patients (data not shown). Notably, five of the ten genetic
variants were specific to this cohort (Figure 3) and were
considered pathogenic based on their absence from the
Exome Aggregation Consortium database, and from at least
one of two function prediction programs: Polyphen 2 or
Mutation Taster (data not shown). Disease-causing variants
commonly found in Europe (i.e. V3771, 1268T, H20P/N, and
P167L) [6,7] were not detected in our patients.

Treatment

Febrile attacks experienced by Patients 2, 5, 6, and 7 were
well controlled by oral prednisolone (taken as required)
(Table 2). Three patients (Patients 1, 4, and 8) required
treatment with biologics, which led to a marked reduction
in inflammation in two patients (Patients 1 and 8). The effi-
cacy of canakinumab was difficult to evaluate in Patient 4
because he received only one dose of 2mg/kg canakinumab.
One patient (Patient 3) received hematopoietic stem cell
transplantation. Patient 3 died of interstitial pneumonia
due to transplantation-related complications soon after

— 120 —



6 (&) T. TANAKAET AL,

transplantation; therefore, it is difficult to estimate the effi-
cacy of transplantation in this case.

Discussion

This study describes the clinical and genetic profiles and
responses to treatment of MKD patients in Japan. Overall,
the symptoms in the Japanese cohort were similar to those
reported previously [6,7]. Specifically, most patients had
attacks lasting between 4 and 7 d; these are comparable with
the median flare duration of 4 d observed in the European
cohort. In addition, 60% of patients in our cohort had 7-11
episodes per year (the others had more than 11 episodes),
and the frequency of attacks is similar to that in European
patients (median, 12 episodes per year). The percentage of
patients with lymphadenopathy, mucocutaneous involve-
ment, or gastrointestinal symptoms was comparable between
the current and European cohorts (70 and 87%, 90 and
87%, and 90 and 95%, respectively) (Table 2). However,
whereas 79% of the European patients experienced musculo-
skeletal involvement, only 40% of the current cohort did.
Since all patients without musculoskeletal involvement har-
bored a genetic variant specific to the current cohort, differ-
ences in genetic variants might be related to differences in
clinical manifestations (e.g., musculoskeletal symptoms).

The results of this study confirm previous findings that
measurement of IgD is not a reliable and sensitive method
for diagnosing MKD [16]; 44% of the patients tested in this
cohort did not have elevated IgD. Elevated urinary meva-
lonic acid excretion and reduced MVK activity were simi-
larly observed in Japanese and European MKD patients,
despite these cohorts harboring different MVK variants [6].
Recently, Munoz et al. reported a novel diagnostic test for
MKD [17] called the in vitro prenylation assay. The assay
involves incorporation of a biotinylated isoprenoid lipid into
unprenylated proteins in cell lysates and subsequent detec-
tion of biotinylated isoprenoids using streptavidin. The
in vitro prenylation assay shows high sensitivity and specifi-
city for discriminating other autoinflammatory diseases. This
promising assay should help establish a clear diagnosis of
MKD, particularly in patients harboring less than two
disease-causing variants (as assessed by genetic analysis).

MKD patients sometimes experience liver complications
[18]; indeed, one patient with severe liver failure required
liver transplantation [19]. Four out of ten patients (40%) in
this study had liver complications. In two patients, elevated
transaminase levels preceded onset of periodic fever, which
made it difficult to establish a diagnosis of MKD at the time
of initial presentation. Since elevated transaminase levels
were not mentioned in studies of European cohorts [2,6,7],
no direct comparison is possible; however, the percentage of
Japanese patients with liver complications seems to be
higher. Patient 4 presented with acute liver failure but recov-
ered after repeated plasma exchange and supportive care.
Since MKD itself can increase transaminase levels, we
suspected that this complication might not be caused by
canakinumab; however, we decided not to administer
canakinumab again. In addition, macrophage activation

syndrome or HLH may occur in association with MKD
[20,21]; two patients fulfilled the diagnostic criteria for
HLH, more often than in the study by Haar et al. [6].

A continuous disease pattern was observed in 50% of
Japanese patients, higher than the 13% observed in
European patients [6]. Genotype-phenotype analysis in the
European cohort revealed that fewer patients harboring the
V3771 mutation had a continuous disease course when com-
pared with those without V3771: 4% versus 28%, respect-
ively. Given that none of the patients in our cohort
harbored V3771, the high percentage of patients with persist-
ent inflammation could be attributed to differences in
disease-causing variants.

Most MKD patients have their first attack within the first
year of life [7]. Hence, we contacted all hospitals in Japan
that have pediatric departments and performed the national
survey of MKD patients by recruiting patients with recurrent
or persistent fever. One of the limitations of the survey is
that we might have missed adult MKD patients, as adults
tend to have less severe clinical manifestations. A recent
report shows that some MKD patients lack fever as a clinical
manifestation; therefore, we may have overlooked some
MKD patients without fever [6]. These caveats need to be
addressed in the future if we are to gain a comprehensive
understanding of the clinical picture of MKD in Japan.

Both anakinra and canakinumab are effective biologics
for MKD patients [6,22]. Two patients (Patients 1 and 8)
received anakinra followed by canakinumab, and both
reported that canakinumab was more effective at controlling
inflammation. In agreement with the clinical course
observed herein, four out of five European patients treated
with canakinumab achieved complete remission; however,
two of the four showed only a partial response to anakinra
[6]. The low incidence of MKD makes it difficult to under-
take a clinical trial to compare anakinra and canakinumab;
therefore, accumulating knowledge about treatment
responses to these biologics is important.

In conclusion, we have described the clinical and genetic
characteristics of Japanese patients with MKD. This is the
first national survey undertaken in a non-European country.
Although clinical symptoms were similar to those reported
in European studies, the incidence of continuous fever and
elevated transaminase was higher, probably due to the differ-
ences in disease-causing variants.
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ABSTRACT

Objectives: To understand the current status of adult rheumatology care for patients who had previ-
ously had juvenile idiopathic arthritis (JIA) (excluding systemic JIA), and to identify issues interfering
with the transition from pediatric to adult care in Japan.

Methods: Questionnaire-based survey among 30 adult rheumatologists.

Results: Eighty-seven percent of adult rheumatologists responded that they had provided medical care
to adults who had had JIA; 44% of them had felt hesitation or anxiety when providing such care. The
reasons for this included lack of independence of the patients, lack of knowledge and experience
among adult rheumatologists, and lack of preparation for accepting such patients. Many adult rheuma-
tologists believed that the timing of transition from pediatric to adult rheumatology care must be con-
sidered based on therapeutic regimens or clinical conditions/disease states, not solely chronological
age. A majority of adult rheumatologists showed great interest in transitional care for JIA patients and
desired to communicate better with pediatric rheumatologists.

Conclusion: Transitional care for JIA patients is not sufficiently developed in Japan. Education and
advocate campaign of transitional care is required for adult rheumatologists as well as patients and
their parents.
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Introduction rheumatology care’ and ‘lack of independence from parents’

were extracted as the main factors to prevent smooth transi-
tions of patients with pediatric rheumatic diseases [8]. That
survey revealed the current status and issues regarding adult
rheumatology care for pediatric rheumatic diseases in gen-
eral, but not regarding specialized for JIA.

Therefore, we conducted this survey to understand the
current status of adult rheumatology care for patients who
had previously had JIA (excluding systemic JIA), and to
identify issues interfering with the transition from pediatric
to adult care in Japan.

Progress in pediatric medical care has made it possible for
many children suffering from intractable diseases to survive
into adulthood [1,2]. At the same time, the number of chil-
dren is increasing who have grown up to adulthood with a
primary disease and its complications [3]. The transition
from pediatric to adult health care systems has recently
received significant attention worldwide [3-5]; however,
Japan lags behind the United States and Europe.

Medical care for juvenile idiopathic arthritis (JIA) has
also made significant progress with the increased use of
MTX and biological anti-inflammatory agents. This has
helped to delay or inhibit joint destruction in childhood and
to improve their activity of daily life. Nonetheless, treat-
ments must be continued for the majority of JIA patients
even after transition to adult rheumatology care [6].
Although transitional care program for JIA have been

Subjects and methods

A questionnaire-based survey was conducted anonymously
among 30 adult rheumatologists working in 23 hospitals
across Japan. All these hospitals had contributed to a nation-

developed and operated in other countries, it has rarely
been applied in Japan [7]. In a recent survey among
Japanese non-pediatric rheumatologists, ‘inadequacy of adult

wide Japanese database of rheumatic diseases (Ninja:
National Database of Rheumatic diseases in Japan) [9].
The questionnaire asked adult rheumatologists for the
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following: their specialization (internal medicine or orthope-
dics); their experience in providing medical care to JIA
patients; current status and issues of adult rheumatology
care for JIA patients who were transferred from pediatric
rheumatology care; the current situation and challenges of
transition from pediatric to adult rheumatology care among
JIA patients; and their interest in transitional care for JIA
patients. Systemic JIA was excluded from this survey. Single-
choice questions (multiple answers are partially allowed)
were used in assessments. This survey was conducted in
November 2016.

Results

Specialization and experience of participants in
providing medical care to JIA patients

The participants’ specialties were internal medicine (n=25)
and orthopedics (n =5). Many had long-term clinical experi-
ence as a doctor (<10 years, 10%; 10-19 years, 13%; 20-29
years, 53%; >30 years, 23%). Of them, 90% belonged to
community hospitals and 10% to university hospitals,
respectively. Fifty percent of the participants had been
involved in treating JIA patients under the age of 16, and
50% had clinical experience of treating JIA patients 16-19
years old. Eighty-seven percent of the participants had
examined adults (>20 years) who had had JIA and were
transferred from pediatric rheumatology care. Therefore, one
half of the participating adult rheumatologists had experi-
ence examining children with JIA.

Current status and issues of adult rheumatology care
for JIA patients transferred from pediatric rheumatology
care

Forty-four percent of the participants ‘felt hesitation or anx-
iety in providing adult rheumatology care for JIA patients
who were transferred from pediatric rheumatology care’
(Figure 1). The reasons for hesitation or anxiety (multiple
answers are allowed) were: ‘sense of difficulty responding to
parents of patients’ (35%), ‘lack of independence of patients’
(24%), ‘lack of overall understanding of JIA among adult
rheumatologists’ (24%), ‘lack of knowledge about JIA
treatments’ (24%), ‘ignorance of drugs that are approved or
not approved for JIA treatments’ (21%), ‘sense of ambiguity
about differences from adult patients with RA’ (21%), and
‘no pediatric rheumatologists available to consult’ (10%)
(Figure 2).

With regard to the relationship with patients who were
transferred from pediatric to adult rheumatology care, 79%
of participants responded, ‘no problem occurred,” but 8%
answered that ‘transition sometimes did not work well
although patients were transferred to adult rheumatology
care after agreeing to the needs of transition.’

In terms of outpatient treatment of adults with JIA who
were transferred from pediatric rheumatology care, 13% of
the participants responded, ‘there were some cases where
outpatient treatment was discontinued according to the
patient’s own wishes,” but another 13% responded, ‘there

“

Figure 1. The presence or absence of feeling hesitation or anxiety about adult
rheumatology care for JIA patients who were transferred from pediatric
rheumatology care.

were some cases where outpatient treatment was completed
such that patients achieved a drug-free state. There were
also some cases where patients returned to pediatric
rheumatology care due to ‘the will of patients’ (4%) and ‘the
decision by adult rheumatologist’ (4%).

Current status and challenges in transitioning from
pediatric to adult rheumatology care

Regarding JIA patients who had reached adulthood, all par-
ticipants responded that ‘a complete transition to adult
rheumatology care’ is beneficial for the patients. Although
62% of the participants agreed that ‘a combined care of both
pediatric and adult rheumatology before a complete transi-
tion to adult rheumatology care’ is ideal, this had been prac-
ticed by only 3% of them.

Reasons why the transition to adult rheumatology care
did not proceed smoothly were because ‘lack of knowledge
and experience among adult rheumatologists and lack of
preparation for the acceptance of the patients’ (61%) as well
as ‘inadequacy of education about transitional care to adult
rheumatologists’  (43%); therefore, many participants
expressed their opinion that main problems concerning
transition could be attributed to adult rheumatology care or
adult rheumatologists (68%). They also pointed out
‘excessive parental involvement’ (29%), ‘incomplete educa-
tional campaigns to address transitional care for patients
and their parents’ (29%), and ‘lack of independence of
patients’ (25%). In this regard, 54% of the participants
agreed that patients or their parents are responsible for the
transitioning problems. Additionally, the participants
pointed out that ‘awareness of transitional care is insufficient
among pediatric rheumatologists’ (29%), ‘pediatric rheuma-
tologists are overly indulgent with patients’ (7%) and
‘pediatric rheumatologists do not want to end the relation-
ship with their patients’ (7%). In this respect, only 39% of
the participants were of the opinion that the problem is
attributable to pediatric rheumatology care.
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Figure 2. Reasons why adult rheumatologists hesitated to deliver adult rheumatology care for JIA patients who were transferred from pediatric rheumatology care

(check all that apply).

‘Offering training and educational campaigns about
JIA for adult rheumatologists’ (75%) was most needed to
proceed smoothly with transitional care for JIA patients.
Other requirements included ‘training and educational cam-
paigns to foster patients’independence for the patients them-
selves and their parents’ (50%), ‘training and educational
campaigns related to adults with JIA for pediatric
rheumatologists’ (43%), ‘creation of textbooks and materials
regarding transitional care for JIA patients (29%),
‘communication/information exchange between pediatric
and adult rheumatologists’ (25%) and others.

As for the appropriate timing of the transition to adult
rheumatology care, the number of participants who
answered that the timing of the transition ‘must be consid-
ered based on therapeutic regimens or clinical conditions/
diseases, regardless of age’ (48%) or must be considered
based on ‘school attendance/getting employed/moving to
another place/marriage, etc.” (7%) was greater than the num-
ber who answered that JIA patients ‘must in principle be
transferred to adult rheumatology care based on chrono-
logical age (34% indicated 18 years of age and 7% suggested
20 years)’ (Figure 3).

Answers to the question of which specialty should play
the principal role in the treatment of adults with JIA who
were transferred from pediatric rheumatology care were
‘internal medicine’ (38%), ‘both internal medicine and
orthopedics’ (34%), and ‘either internal medicine or
orthopedics’ (28%). Many participants agreed that there is a
great need for orthopedic surgeons managing patients with
joint deformities caused by long-term disease, as well as for
internists who are familiar with drug treatment.

The interest in transitional care for JIA patients

Regarding transitional care for JIA patients, 30% of the par-
ticipants answered that they ‘think that this is an important
issue’ and 47% ‘have thought that this is an important issue’.
Furthermore, 17% of the participants showed ‘great interest’
(17%) and 60% showed ‘interest’ in pediatric rheumatic dis-
eases in addition to JIA, indicating that adult rheumatolo-
gists had a great interest in pediatric rheumatic diseases.

Figure 3. The adequate timing of transition to adult rheumatology care
thought by adult rheumatologist.

However, our results also demonstrated that only 42% of
the participants had attended seminars or conferences on
pediatric rheumatic diseases and 47% confessed that they
did not know about childcare subsidies (Medical fee is free
for patients with chronic pediatric diseases of specified cate-
gories and with specified intractable diseases in Japan).

Answers to the question of where pediatric rheumatolo-
gists who can give advice on pediatric rheumatology patients
were available ‘in the hospital’ (7%), ‘in the neighborhood’
(10%), and ‘somewhere else’ (30%), but 43% answered that
‘nobody’ is around. In addition, although only 17% of the
participants answered that there is an opportunity to hold
study sessions for communication/exchange information
between pediatric and adult rheumatologists in neighbor-
hood areas, they ‘desired to attend’ (33%) or ‘desired to
attend depending on the content’ (60%).

Discussion

Our survey showed that 44% of the participants felt hesita-
tion or anxiety in providing adult rheumatology care for
adult patients with JIA. That rate was higher in this study
than in the previous similar one on adult patients with
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childhood-onset rheumatic diseases [8], but the reasons of
hesitation were similar between them. Higher rate of hesita-
tion in this study may partly depend on the smaller number
of the participants belonging to university hospital and/or
on their shorter clinical experiences. However, it remains
unclear whether it is characteristic for JIA among child-
hood-onset rheumatic diseases. Similar to the previous study
(8], independence of patients from their parents was
extracted as one of the issues for transitional care. Children
with JIA are often less mature and more dependent than
healthy children of similar age [7]. For encourage the devel-
opment of emotional and physical independence in children
with JIA, it would be desirable to establish a total transi-
tional support team composed of pediatric and adult rheu-
matologists, multidisciplinary medical workers and patients
themselves [10]. Furthermore, our results showed that adult
rheumatologists were highly motivated to learn and wished
to communicate with pediatric rheumatologists. Thus, pro-
motion of conference-level training, educational campaigns
and creating textbooks related to transitional care would
grow their interest in transitional care and solve the issues
at the time of transitions.

As for the timing of transition, the most common answer
was that it is preferable to decide the timing according to
therapeutic regimens or clinical conditions/disease states
rather than simply to a chronological age. This agrees with
‘Proposal on transitional care for patients with childhood
onset disorder’ by the Japan Pediatric Society [11].
According to transitional care programs for pediatric
rheumatic diseases in other countries, the timing of transi-
tion is determined just by age (range between 16 and 18) in
some programs, whereas it is determined by setting ‘criteria
for transition’ based on the ability of understanding the dis-
ease, therapeutic regimens, disease activity, etc. in others
[10]. In our study, many participants expressed their opin-
ion that ‘a combined care of both pediatric and adult
rheumatology before a complete transition to adult rheuma-
tology care’ is ideal for JIA patients. Hence, transitional pro-
gram should be prepared which patients and their parents
can join at each appropriate timing and bridge the gap
between pediatric and adult rheumatology care. For seamless
acceptance, adult rheumatologists must learn about the med-
ical system for children including the childcare subsidies
and get the license of chronic pediatric diseases of specified
categories.

In our study, 87% of adult rheumatologists had clinical
experience treating JIA patients, and 50% had been involved
in treating JIA patients under 16 years old. There are only
approximately 70 pediatric rheumatologists in Japan [12]
and they are unevenly distributed across the country.
Therefore, children with JIA do not always receive treatment
from them [13]. In contrast, there are over 4600 rheumatol-
ogists across the country, so that, it seems that they are par-
tially involved in pediatric rheumatology care in some local
areas. However, because nearly half of adult rheumatologists
do not have pediatric rheumatologists available to consult,
they hesitate to engage in pediatric rheumatology services,
and therefore, most of them wish to communicate better

with pediatric rheumatologists. Building a local network of
pediatric and adult rheumatologists will be essential.

The main limitation of this survey is a small number of
the participants. In addition, participants included much
more internists than orthopedic surgeons and many of them
had longer clinical experience. Therefore, it is undeniable
that these biases may affect the results of this survey.
Furthermore, to understand the issues concerning transi-
tional care for JIA more, similar surveys will be necessary
for pediatric rheumatologists, patients and their parents
besides adult rheumatologists.

In conclusion, this survey showed that transitional care
for JIA patients is not sufficiently developed in Japan. For
smooth transition, education and enlightenment campaign
of transitional care is required for adult rheumatologists as
well as patients and their parents.
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Elevated soluble CD14-subtype (PRESEPSIN; P-SEP) levels in rheumatoid
arthritis (RA) patients with bacterial infection

Soichiro Tsuji', Ayako Kitatoube?, Akie Kikuchi-Taura?, Eri Oguro', Minoru Shigesaka', Yasutaka Okita',
Takashi Shimizu', Takuro Nii', Satoru Teshigawara', Eriko Tanaka', Yoshinori Harada', Masato Matsushita',
Jun Hashimoto', Shiro Ohshima?, Gaku Takahashi?, Shigeatsu Endo®, and Yukihiko Saeki?

"Department of Rheumatology and Allergology, National Hospital Organization Osaka Minami Medical Center, Kawachinagano, Osaka, Japan,
2Department of Clinical Research, National Hospital Organization Osaka Minami Medical Center, Kawachinagano, Osaka, Japan, and *Department
of Critical Care Medicine and Disaster Medicine Medicine, Iwate Medical University, Uchimaru, Morioka, Japan

Infection is a serious complication observed in the management of
rheumatoid arthritis (RA) patients. The acute inflammatory marker
C-reactive protein (CRP) is elevated both during infection and
during high disease activity of RA, and this often poses a problem
when distinguishing the two. While infection markers should be
measured quickly and inexpensively in a simple matter, there also is
a need to distinguish them from disease activity markers of RA in
clinical practice. Recently, the usefulness of a subtype of soluble
CD14, presepsin (P-SEP), has been reported in critical care and
pediatric areas. P-SEP is a novel effective marker for the diagnosis,
severity, and treatment response of sepsis [1-3]. Phagocyte
involvement has already been reported in the production of P-
SEP; therefore, we took into consideration that P-SEP may function
as a specialized inflammatory maker for bacterial infection [4].

P-SEP has not been evaluated in RA patients. To evaluate
whether P-SEP production is specific to bacterial infections rather
than inflammation due to RA, we investigated the serum levels of
P-SEP in RA patients with infection.

Data were collected from June 2010 to March 2014 at the
Department of Rheumatology the National Hospital Organization
Osaka Minami Medical Center, Japan. Subjects were divided into
48 RA patients identified with a definite pathogen for bacterial
infection (inf RA), 103 RA patients without infection (non-inf RA)
and 34 healthy control (HC) (Table 1). All RA patients were
required to meet both the 1987 American Rheumatism Association
criteria and 2010 ACR/EULAR criteria for RA.

Inf RA patients were strictly identified as having infection with
positive pathogen identification through cultures, presence of fever
(>38.0°C) and/or C reactive protein (CRP) elevation and/or
increase in white blood cell count (WBC), and improvements of
these manifestations with antibiotics. RA patients with suspected
bacterial but in whom no pathogen could be identified were
excluded from this study.

Concentration of P-SEP was measured with an immunoassay
analyzer (PATHFASTR®, LSI Medience Corporation, Tokyo,
Japan). Measurements were taken before and after treatment in
the inf RA group. Clinical disease activity index (CDAI) was

Correspondence to: Dr Shiro Ohshima, MD, PhD, Department of Clinical
Research, National Hospital Organization Osaka Minami Medical Center,
Kawachinagano Osaka, 2-1 Kidohigashi, Kawachinagano, Osaka 586-
8521, Japan. Tel: +81-721-53-5761. Fax: +81-721-53-6290. E-mail:
ohshimas @ommc-hp.jp

measured in the non-inf RA group (mean CDAI+S.D.
11.86 +£9.32; disease activity severity; high 7, moderate 41, low
33, clinical remission 12) (n=93; not all patients have physician
VAS score measured).

The breakdown of bacterial infections in the inf RA group was
as follows: 58.3% (n=28) were gram-negative, and 31.3%
(n=15) were gram positive, and the others were mixed infections.
There were 12 cases of blood culture positive sepsis. Of local
bacterial infections, respiratory infection was most frequent
(n=20), followed by urinary tract infections (n=7), muscular
skeletal infections (n =4), and skin/soft tissue infections (n = 3).

The serum levels of P-SEP (mean+SD) were 1514+
3475 pg/ml (range: 168-16,947 pg/ml), 268 +397 pg/ml (range:
75-2648 pg/ml), and 136 + 60 pg/ml (range: 62-327 pg/ml) for inf
RA (pre-antibacterial treatment), non-inf RA, and the HC group,
respectively.

In the inf RA group, P-SEP levels were correlated with CRP
(r=0.30, p<0.05). P-SEP levels of the inf RA were significantly
higher than those of non-inf RA and also significantly higher than
those of the HC group. Furthermore, P-SEP levels were signifi-
cantly reduced after anti-bacterial treatment (372 +399 pg/ml)
(Figure 1).

As for individual P-SEP level in inf RA patients, the mean P-SEP
level for the sepsis cases was 2938 +4899 pg/ml and it was
significantly higher than local infections, 1040 + 2784 pg/ml
(p<0.01). Moreover, no significant differences were observed for
P-SEP levels between the gram negative and gram positive bacterial
infections (p = 0.10). In evaluation concomitant medications in the
RA groups according to whether patients were taking low-dose
corticosteroids or methotrexate. P-SEP levels were significantly
higher in the non-inf RA compared with the HC group. CDAl in the
non-inf RA group correlated with CRP (r=0.28, p <0.01), but not
P-SEP (r=0.17, p =0.10) (Figure 2a and b). In ROC analysis of P-
SEP levels for bacterial infection, the cutoff value was 278pg/ml
and the area under curve (AUC) was 0.82, sensitivity and specificity
were 79.2% and 80.6%, respectively.

CRP is a useful marker for infection, while also being a useful
marker for RA disease activity. There are numerous cases in
clinical practice in which the reason for the state of increased CRP
cannot be determined. Therefore, as P-SEP is not affected by RA
disease activity, it is an effective marker for bacterial infection.

One of the limitations of this study is that only bacterial
infections were included as the source of infection. We detected
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Table 1. Patients of demographic and disease characteristics.

PRESEPSIN; P-SEP levels in RA patients with bacterial infection

719

Bacterial infection RA (n =48)

Non-infecion RA (n =103) Healthy control (n =34)

Female (%) 35 (72.9)
Age (years) 67.6+9.3
RA duration (years) 13.8+9.9
RA Stage (/I/III/IV) 2/12/15/17
RA Class (1/2/3/4) 5/33/7/2
CRP (mg/dl) 10.58 +£7.72
CDAI (*21=93) (HDA/MDA/LDA/CR) -
DAS28-ESR (HDA/MDA/LDA/CR) -
Concurrent PSL use rate (%) 79.2
Concurrent PSL use dose (mg/day) 5.64+£3.75
Concurrent MTX use rate (%) 37.5
Concurrent MTX use dose (mg/week) 8.21+2.74

Other DMARDs

10 (ETN2, ADA2,
TCZ5, ABTI)

Biologic agents

SASP7, Buc8, TACS,
MMF1, AZA1, CyAl

80 (77.7)
59.7+£15.5
11.5+£10.6
6/41/28/28 -

15/79/7/0 -
0.80+1.41

11.86+9.32 (7/41/33/12)
3.34 £ 1.58 (7/37/20/25)
59.2
4.26 £3.09
58.3
8.53+2.20
SASPS5, TAC6, Buc9,
Aurl, LEF1, GST1
58 (TCZ25, ABTI12,JFX 8,
ETN3, ADA1, GLM9)

27 (79.4)
57.0+16.2

*Physician VAS score were not measured for all cases.

CDAL clinical disease activity index; DAS: disease sctivity score; HDA: High disease activity; MDA: moderate disease activity; LDA: Low disease
activity; CR: clinical remission; PSL: Prednisolone; MTX: Methotrexate; SASP: Salazosulfapyridine; Buc: Bucillamine; TAC: Tacrolimus hydrate;
Aur: Auranofin; LEF: Leflunomide; GST: Gold Sodium Thiomalate; MMF: Mycophenolate mofetil; CyA: cyclosporine; IFX: Infliximab; ETN:
Etanercept; ADA: Adalimumab; GLM: Golimumab; TCZ: Tocilizumab; ABT: Abatacept.
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Figure 1. The level of P-SEP in the bacterial infection RA, non-inf RA
and the HC group.

only 13 cases of viral infections in our RA patients, and when
compared with the non-inf RA group, no statistical difference was
seen (see Supplemental Figure 4). P-SEP levels were not
significantly reduced after anti-viral treatment (data not shown).
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Figure 2. Correlation of CDAI in the non-inf RA with CRP (a), P-SEP (b)
by using the Spearman rank correlation coefficient.

In compromised hosts, singling out viral or fungal infections is
difficult, and this will be a topic that will be further discussed in
future reports. Furthermore, procalcitonin (PCT) has replaced CRP
in the diagnosis of infection in some recent cases. It has been
reported that P-SEP has a higher sensitivity and specificity
compared to PCT in diagnosing infection [1]. PCT is also known
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to increase in cases of systemic inflammatory response syndrome
(SIRS) even without bacterial infection [5]. For our current study,
only cases of known bacterial infections were considered, so PCT
would have sufficed instead of P-SEP.

In general, P-SEP levels in RA patients are higher than healthy
controls. P-SEP levels are not affected by low dose corticosteroids
or methotrexate and are not dependent on the type of bacterial
organism but are higher in sepsis than in local infections. As been
previously reported [2,6] in non-RA patients, our study also found
that P-SEP is useful in diagnosing bacterial infections, especially
sepsis, and provides for an effective biomarker of response to
treatment for the infection. In conclusion, P-SEP is a promising
novel infection marker for diagnosis of bacterial infection in RA
patients, regardless of RA disease activity.
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Only rheumatoid factor-positive subset of anti-citrullinated
peptide/protein antibody-negative rheumatoid arthritis may
seroconvert to anti-citrullinated peptide/protein
antibody-positive
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Abstract

Aim: Anti-citrullinated peptide/protein antibody (ACPA) has been reported to occur in about 60% of patients
with early rheumatoid arthritis (RA), and about 80% in patients with established RA. While ACPA seroconver-
sion is possible, previous reports have shown that it rarely occurs. We retrospectively determined the proportion
of patients who underwent ACPA seroconversion and described the clinical characteristics of these cases.

Methods: ACPA-negative RA patients who had undergone ACPA assessment more than once with an interval of
3 months or longer were investigated for ACPA seroconversion. The clinical characteristics of seroconverted
patients were assessed.

Results: In 149 ACPA-negative RA patients, only eight patients (5.4%) converted to ACPA-positive during fol-
low-up. We found that all eight of the seroconverted cases were positive for rheumatoid factor (RF) and showed
bone erosions by X-ray. Of 56 ACPA-negative RF-positive RA patients, 14.3% of them seroconverted to ACPA-
positive. None of the ACPA-negative RF-negative RA patients seroconverted to ACPA-positive.

Conclusion: The proportion of total RA patients who experienced seroconversion from ACPA-negative to
ACPA-positive was 5.4%. When ACPA-negative RA patients were subdivided into RF-negative and RF-positive
subsets, only the RF-positive subset seroconverted to ACPA-positive. These results imply that RF-negative and
RF-positive patients are distinct subsets within ACPA-negative RA patients.

Key words: anti-citrullinated  peptide/protein  antibody, rheumatoid arthritis, rheumatoid factor,
seroconversion.

INTRODUCTION

Anti-citrullinated peptide/protein antibody (ACPA) is a
highly specific serological marker of rheumatoid arthri-
tis (RA). It has b rted that ACPA i-
Rheumatology and Clinical Immunology, Graduate School of is (RA) as been feporte at average senst

.. P . 5 0
Medicine, Kyoto University, 54 Kawahara-cho, Shogoin, tivity .and 152p ecificity f(_)r RA is 67% an.d. .95 %,
Sakyo-ku, Kyoto 606-8507, Japan. respectively. = However, in early RA, the sensitivity of

Email: ohmurako@kuhp.kyoto-u.ac.jp ACPA drops to 50-60%, whereas in established RA, it
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rises to 80%." * The discrepancy between these figures
has been explained by the seroconversion from ACPA-
negative to ACPA-positive in RA patients. However, pre-
vious reports have shown ACPA seroconversion seems
to be rare, with a frequency ranging from 0.4% to 7%.’
We hypothesized that patients misdiagnosed with non-
RA arthritides may have been included in the early RA
population and counted as ACPA-negative RA, and
these cases were then excluded from the established RA
population when the disease remitted or the physician
changed the diagnosis. Another possibility is that
ACPA-negative patients could reach remission and leave
the cohort.

The aim of this study was to determine the proportion
of patients who underwent ACPA seroconversion in our
cohort and to clarify the characteristics of these cases.

PATIENTS AND METHODS

RA patients were recruited from January 2007 to
November 2012 at Kyoto University Hospital; all
patients were Japanese. Patients included in this study
were diagnosed with RA by rheumatologists based on
the 1987 American College of Rheumatology (ACR)-
revised criteria or 2010 ACR/EULAR (European League
Against Rheumatism) criteria. Patients who had not
taken any anti-rheumatic drugs were excluded from this
study. ACPA-negative RA patients who underwent
ACPA assessment more than once with an interval of
3 months or longer were investigated for ACPA sero-
conversion. The clinical characteristics of patients who
seroconverted to ACPA-positive were also assessed. All
patients provided informed consent in accordance with
the Declaration of Helsinki, before of collecting sam-
ples. Titer of ACPA in sera or plasma was measured with
the second generation anti-cyclic citrullinated peptide
(CCP) antibody enzyme-linked immunosorbent assay
(ELISA) kit (MESACUP™-2 test CCP; Medical & Biologi-
cal Laboratories Co. Ltd, Nagoya, Japan), according to
the manufacturer’s instructions with a cut-off value
of 45 U/mL. A latex agglutination turbidimetric
immunoassay was used for quantitating serum rheuma-
toid factor (RF) with a cut-off value of 11.7 IU/mL. RF
was measured at almost all visits. The cases which were
RF-negative all the time in our hospital were defined as
‘RF negative’. Anti-nuclear antibody (ANA) was detected
using a HEp-2 indirect immunofluorescent assay (ANA
IFA [SRL]; Fujirebio Inc., Tokyo, Japan), according to
the manufacturer’s instructions. Clinical characteristics
were compared between seroconverted and non-sero-
converted RA patients. Continuous variables in two

732

groups were assessed by Mann—-Whitney U-test and fre-
quencies were assessed by Fisher’s exact probability test.

RESULTS

One thousand two hundred and forty-six RA patients
were included in the present study; 216 (17.3%)
patients were negative for ACPA and 149 of the 216
ACPA-negative RA patients underwent ACPA assess-
ment more than once, and only eight of these patients
(5.4%) seroconverted to ACPA-positive during follow-
up (Fig. 1). Table 1 shows the clinical characteristics of
the eight seroconverted cases. Of these cases, seven were
female. Disease duration from onset to first ACPA mea-
surement was between 0.2-26 years. Interval of sero-
conversion ranged from 0.4 to 5 years. Interestingly, we
found these cases were all positive for RF and showed
bone erosions by X-ray. Biologic disease-modifying
antirheumatic drugs (DMARDs) were used in half of
these cases. ACPA was measured more than twice in six
cases. ACPA remained positive in four cases and turned
into negative again in two cases (Fig. 2). ACPA titer
fluctuated in a similar tendency as the fluctuation of RF
in four patients (Fig. 3, patient nos. 2, 4, 7 and 8).

Comparison of basic clinical information between
seroconverted and non-seroconverted cases are shown
in Table 2. Age and sex of both groups did not differ sig-
nificantly. RF positivity and the proportion of patients
with bone erosions were lower in the non-seroconverted
group (34.0% and 51.1%, respectively). When
ACPA-negative cases were subdivided into RF-positive
and RF-negative subgroups, none of the ACPA-negative
RF-negative cases seroconverted to ACPA-positive. Of
the ACPA-negative RF-positive RA patients, 14.3% (8/56
cases) seroconverted to ACPA-positive. This result is not
due to frequent measurements of ACPA in RF-positive
patients, because the number of ACPA measurements is
not significantly different among the RF-positive subset
and RF-negative subset (2.5 + 0.84 wvs. 2.8 £ 1.4,
P = 0.42). As shown in Table 2, ANA positivity and bio-
logic DMARDSs usage tended to be higher in the serocon-
verted group than in the non-seroconverted group, but
the differences were not significant (37.5% vs. 20.6%
and 50.0% vs. 16.3%, respectively). Additionally, disease
duration and interval between ACPA assays did not
differ significantly between the seroconverted and non-
seroconverted group (9.30 £+ 10.15 years vs. 5.24 £
7.73 years and  2.69 £ 1.92 years wvs. 2.27 +
1.94 years, respectively).

We next investigated whether ACPA-negative RA
patients with relatively short disease duration tended to

International Journal of Rheumatic Diseases 2017; 20: 731-736
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ACPA seroconversion in RA

RA (ACPA was measured)
n =1246

ACPA(-)
n=216 (17.3%)

ACPA(+)
n=1030 (82.7%)

n=149

ACPA was measured more than once

ACPA was not measured again
n==67

ACPA(+)
n =8 (5.4%)

ACPA(-)
n =141 (94.6%)

Figure 1 Seroconversion of anti-citrullinated peptide/protein antibody (ACPA). Of the 149 cases of ACPA-negative theumatoid
arthritis patients who underwent ACPA assessment more than once, only eight patients (5.4%) seroconverted to ACPA-positive

during follow-up.

Table 1 Clinical characteristics of each patient who seroconverted to ACPA-positive

Pt no. Age, Disease ACPA titer (U/mL) Interval of RF Stage Treatment
sex durationt (years) Ist ndi seroconversion (years) (IU/mL)

1 76, F 0.2 3.3 20.4 0.8 104.9 II MTX, §§Z2

2 60, F 0.3 3.2 180.0 4 18.9 II SSZ, PSL

3 39, M 1 3.0 10.8 0.4 420.8 II MTX

4 36, F 4 2.6 8.4 3.3 79.2 II LEF

5 64, F 6 3.2 8.3 2.4 942.0 I\% TCZ

6 63, F 18 3.7 6.1 0.7 55.5 \Y% IFX, MTX

7 64, F 19 4.0 11.7 5 49.1 I\% TCZ, PSL

8 64, F 26 < 0.6 14.2 5 23.0 \Y% TCZ, SSZ, PSL

tFrom disease onset to first ACPA measurement. {ACPA titer when ACPA seroconversion was determined. RF titer and stage when ACPA was first
measured. ACPA, anti-citrullinated peptide/protein antibody; MTX, methotrexate; SSZ; sulfasalazine; PSL, prednisolone; LEF, leflunomide; TCZ,

tocilizumab; IFX, infliximab.

seroconvert more frequently. In the 16 very early RA
patients (disease duration < 3 months), two patients
(12.5%) seroconverted, whereas 0/18 (0%) early RA
patients (disease duration 3-6 months) and 6/115
(5.2%) established RA patients (disease duration
> 6 months),  seroconverted to  ACPA-positive
(Table 3). Thus, very early RA may tend to seroconvert
more frequently.

International Journal of Rheumatic Diseases 2017; 20: 731-736

DISCUSSION

The proportion of all RA patients who seroconverted
from ACPA-negative to ACPA-positive was 5.4%. This
result is consistent with previous reports. Mjaavatten
et al.” reported that 175 ACPA-negative early arthritis
patients underwent ACPA assessment several times over
a span of 12 months, and only one patient (0.6%)

733
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Figure 2 Fluctuation of anti-citrullinated peptide/protein
antibody (ACPA) titers in each seroconverted case. Serial mea-
surements of ACPA titers in each seroconverted case are
shown. Patient numbers correspond to those in Table 1. The
broken line shows the cut-off value of ACPA (4.5 U/mL).

seroconverted to ACPA-positive during follow-up.
Ursum et al.® reported that 18/442 (4%) ACPA-negative
RA patients seroconverted to ACPA-positive with a
mean ACPA assessment interval of 11 months. Ursum
et al.” further reported the seroconversion rate was 2%,
in which 241 ACPA-negative early arthritis patients
were assessed for ACPA at inclusion and 1 year later
and only five patients became positive for ACPA after a
1-year follow-up. Meyer et al.® reported that 44 ACPA-
negative RA patients with a disease duration of < 1 year
and no history of DMARDs therapy were followed
prospectively for 3 years, and 7/44 ACPA-negative RA
patients (15.9%) seroconverted to ACPA-positive.

As previously reported, ACPA can be detected years
before disease manifestation.”'® It is possible that
ACPA might have not developed yet and might sero-
convert to ACPA-positive later. However, the present
study showed the proportion of total RA patients who
seroconverted from ACPA-negative to ACPA-positive
was 5.4%. Because the sensitivity of ACPA is about 60%
in early RA patients and about 80% in patients with
established RA, theoretically 50% of ACPA-negative RA
patients should undergo seroconversion if the discrep-
ancy in sensitivity were to be completely due to sero-
conversion. However, our observation is far from this
estimated seroconversion rate. This discrepancy in sen-
sitivity may be explained by the following reasons: (i)
patients with non-RA arthritides may have been misdi-
agnosed as ACPA-negative RA; (ii) some patients may
have remitted during the natural course of the disease;
and (iii) physicians may have changed the diagnosis
during the follow-up. Such cases would have then been

734

—=— ACPA (U/ml)
-*- RF (IU/mL

Patient No.1 Patient No.5
120 600 ry
100 85 500 A
\, \
_ 80 N . 400 Ay
& \ Q \
E 60 N g 300 N
40 > 200 Y
\\\ .‘\
20 - 100 S~
/\I .
0 T T 0 T 7
1st 2nd 3rd 1st 2nd 3rd
Patient No.2 Patient No.6
180 70
160 //- 60 ==
140 7 S~
120 50 =~
= / = ~e
& 100 7 o 40
£ 80 7 = 30
o E— zo
20 i === 10 ——
0 T 0 - -
1st 2nd 1st 2nd 3rd
Patient No.3 Patient No.7
450 70
400 S 60 N
350 S // \\
_ 300 . _ 50 7 N
2 250 o 40 7 >
= 200 F 30 ‘ o
150 ¢
100 20
50 10 ./A\
0 - —a 0 - - -
1st 2nd 1st 2nd 3rd  4th
Patient No.4 Patient No.8
20 — 160 -
12 Z 140 —7-
e < 120 —
5 12 100 »
2 Z . -
= 10 o 2 8 7
8 Z i~ 60 >
6 40 e
b
2 20 I
0 . . 0 - ;
1st 2nd 3rd 1st 2nd 3rd

Timing of measurement Timing of measurement

Figure 3 Co-fluctuation of anti-citrullinated peptide/protein
antibody (ACPA) and rheumatoid factor (RF) titers in each
seroconverted case. Serial measurements of ACPA and RF titers
in each seroconverted case are shown. Continuous lines show
the titers of ACPA. Broken lines show the titers of RF. Patient
numbers correspond to those in Table 1 and Figure 2.

excluded from the RA population and the proportion of
ACPA positivity would have increased.

On the other hand, we found that very early RA
patients tended to seroconvert more frequently. The
seroconversion rate was 12.5% in very early RA
patients, while the overall rate was 5.4%. Based on this
result, repeat assessment of ACPA may be useful for
patients with suspected early arthritis if the diagnosis
was unclear.

More importantly, we found that only the RF-positive
subset of patients seroconverted to ACPA-positive. We
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Table 2 Basic clinical information of

Seroconverted Non-seroconverted P-value
seroconverted and non-seroconverted
RA patients n 8 141
Age, years 58.3 + 13.7 65.6 &+ 13.4 0.11
Female 7 (87.5%) 109 (77.3%) 0.44
RF positive 8 (100%) 48 (34.0%) 0.00029
RF titer 211.7 4+ 3229 97.6 + 244.3 0.16
Presence of bone erosion 8 (100%) 72 (51.1%) 0.00058
ANA 21 : 160 3 (37.5%) 29 (20.6%) 0.23
MTX administration 3 (37.5%) 78 (55.3%) 0.27
Biologic DMARDs 4 (50.0%) 23 (16.3%) 0.036
Onset to 1st ACPA, years 9.3 +£10.2 52+ 77 0.38
1st ACPA to 2nd ACPA, years 27+ 1.9 23+19 0.58
No. of ACPA measurements 2.8 £0.64 27+ 13 0.087

RF titer and presence of bone erosion when ACPA was first measured. ACPA, anti-citrullinated
peptide/protein antibody; ANA, antinuclear antibody; DMARDs, disease-modifying antirheu-
matic drugs; MTX, methotrexate; RA, rheumatoid arthritis; RF, rheumatoid factor.

Table 3 Frequency of ACPA seroconversion among different
disease duration

Duration (months) <3 3-6 6-12 12-24 >24
No. of ACPA (—) cases 16 18 16 16 83
No. of seroconverted cases 2 0 1 0 5

Seroconversion rate (%) 12.5 0 5.2 0 6.0

ACPA, anti-citrullinated peptide/protein antibody.

previously showed that ACPA-negative RA patients con-
sisted of two genetically distinct subsets according to RF
positivity.!! With regard to ACPA seroconversion, the
results of the present study support the notion that the
RF-positive and RF-negative subsets of ACPA-negative
patients are clinically distinct. In some patients, ACPA
titer fluctuated in a similar tendency as the fluctuation
of RF. In general, ACPA titer and RF titer do not corre-
late during the treatment of established RA.'? However,
ACPA titer may be correlated with RF titer in the rela-
tively early phase of seroconversion as in the serocon-
version phase before the onset of RA.'® That will be the
reason why ACPA-negative RF-positive patients tend to
seroconvert to ACPA-positive rather than ACPA-
negative RF-negative cases. Because some of the anti-
CCP-negative RA patient sera contains antibodies
against citrullinated proteins other than the citrulli-
nated peptides detected by the anti-CCP antibody
ELISA kit,'®> there is a possibility that some anti-
CCP-negative RF-positive patients may have already
had ACPA and become anti-CCP-positive later via
epitope spreading; this hypothesis should be further
explored with an early RA cohort in the future.

This study has several limitations as follows. This study
is retrospective and therefore may contain selection

International Journal of Rheumatic Diseases 2017; 20: 731-736

biases. Patients with established RA were included, and
we also cannot deny the possibility of seroconversion
before the follow-up intervals. In addition, this cohort is
aged and a part of patients was diagnosed as RA before
the second-generation anti-CCP antibody was devel-
oped. Physicians may have also chosen to repeat ACPA
assessment in patients with higher disease activity.

CONCLUSIONS

The proportion of total RA patients who seroconverted
from ACPA-negative to ACPA-positive was 5.4%. When
ACPA-negative cases were subdivided into RF-positive
and RF-negative subgroups, only the RF-positive
subset contained patients who seroconverted to ACPA-
positive. These results imply that RF-negative and
RF-positive are distinct subsets of ACPA-negative RA
patients.
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