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AN 5 FEOIRERZFORIUL., FrElEERROSZFEII R o 7o, xS L7 $0E 10
JEBITE T, FTo, FEFICAFEOIBRPK T LT,

BN 6 FREDOIRERZFORIUL., BB OZFEN 2 72572, xS L2 80X
SREWITE o1z, Fio, FEFI 1 EOIBBRMPK T L 7r oz,

AR5 — 6 FEOHHBLIEREHNE (fFHEGER AR L OFrEM HEGERLT) Fox
U SERETH Y . MEEELRINLORKEEbEDL L SHE L o T2,

P HHIRBRRA % X BR 4K AR (1)
R2 2 1 8 fl 8,793,018
R3 3 1t 9 f 17,375,720
R4 2 1 11 f 17,740,175
R5 0 ff 10 1 7,797,820
R6 4F 2 3 #il 2,399,360

Ek AKX
Qi)

AFTITAERZ B RIME 2 KT L, 2021 4RI2 A0 10 I%F 10 %2 Flalo TR EIEFE AV & F7-
L. 2024 FHESTYH 8.1 HEKMEEZHEEFL QD RAFRE CThHoT- MBS OB mEE &1
2023 FLARERATHEL | S5 20 2 TN D, — 0 ANE I AE OFISITHINL TEY, 2025
LTI 2 et B E L AFERT A7) —=2 7 (JPETS) 2B TE THH, Fb
FOR T, B RSCERIEFEE ORI T2 A R biEfMIn s,
YR Tl HU R FEE 2t R e LTl 2 S 2l UERIFE 21 To T\ D, Fo, i
EREVENT e i (2R D 2 il ax e R 78 TS A% 1 O SEFRN M MR B B 32 0F 98 | BB LN 2541
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Mt A ASAZIE L Z X 32U R VR ERHGHA ) 127 — 2 a2l R kS (Int J
Tuberc Lung Dis 2025; 29(10):462-468) , X512, EEME RS IEGUIE (3 T D16 REIC B
HIFGE O FERI B ER AT > TUND

[FhEfE B B fE]

AITIT BB R FE RSB ITENIME D5 N TR0 |, YRS CIIM Y - o pT 42 o8 L i
USRI IE2 D TN D, TIEREEZMEHTIRE B O e N G il LA A 2 S ) e 2 R A 125
e, 20 BIOFERT — 424t UT-, 7=, AMED [ JEREEEMEDIRREIE DY — AT 25
HHZEARET 7 —MIHSL ., 2028 4 1 A ~12 AISYBE CHHZRTLIER T — 22
r=A Dy

[ Fif B & e ]

&N T A~V L AGE (CPA) IXFE ZRNE CLIZLIE BN D 1B MHERYYE TH AN, AT
i PTREZ P HIT RO CD, 2023 4 4 A ICHiTZICE H rTREL 7p o =AY T a > — b
(LB ) TR L L TR SN CWA 0N, B WHE R 0 A 20 - 22 2 VEITRRIH CTh
%o TR R 1T RMG KT T8 D % fi % 2 [RAF 78 [ PIIS-CPA GRCT: s071230121) JIZ& 0L,
TE BB kA D TND,

Flz, T ALV AF TR 2 FEANE S BRI T AR IRIE S A 203 TR R AR B A0 & w2
JEFNZIREL CEIEL TD, Ab BEREFNI L Tid, ENTERYYEFZERT (R E SR fa i
BB ITREME  JTHS) HEE° THERT:, RIFRPFELEEL | Bin o &L
T ILFIMFZEZ T > TN,

UBFTRE X, IR EZ - I FERE B M HUEE B e - Bl L A 22 H O & U T B MR R BRI E L2 L
PR \ZIELAE 322 W - TR HIE DML % B f5 L CHF e & kRt 372,

WA - SRR EE

Z2k FII#HE
<BENEfRSBEERERKTE (NHO Ry FD—OBR) : #5 - SEHRRE N MAC fE (=Xt
THRRMABBREERABROZBERXFEFERS >4 LILLBHAR>
Jili S 5 1% ME PR B E (NTM) (R R TN L TR v . T Y Mycobacterium avium
complex (MAC) FED N fix © 2\, ifi MAC JEDIEEIRI I~/ o4 K, =& 7 h—n, U7
7O 3RINFREIETH D, ZERORWFER - K8 IRERIC LTk AT A R
T A T 3 HOMKRMIBEEAWET 25—, (EROBARDITA K7 A 2 TidaE HIRE
EHERELCRY ., MHEOMICREENH 72, LrL, T E CERIEA(LEERBR I THhI
TWienotz, T2 THAIE, NHO Ry hU—Z 2L LC, 28RO WSS « KB Kk
ARAUAT MAC SiEIZ %92 MR BOTRIE & HIRE % e 3 2 RO 2 ek LFRIFEEMR 7 o ¥
AL LR ER 2 S4hE U 72, ARWFZCIXRFEMRMISE CTH Y . Japan Registry of Clinical
Trials (JRCTs031190008) 2%k S, v ha—im L bREELTWS Y,
AWFZEORERIL 2024 12 ATS CREME ) . B L O H AR ER T2 THRE I L, 2025
3 HIZ Annals of the American Thoracic Society iEA > T4 UhRicH#E <= 2, #F
NFIZLLTOHEY Th 5,
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HARD 21 JiEBEIZ I T, 22 D 72 W ARIBR ORGE T - 58 SRR MAC JEFBF 141 44 & %
Fk U, [IRBOTRIREE &OB BB 101 CTEAEA ISR 072, MXREEEEEZIZZ Z Y
Z2m<A v (CAM) 1000mg 43 2, U 77> B> > (RFP) 600mg 4y 1, =% 7 ~—/L (EB)
256mg/kg (Fx K 1000mg) 77 1 2 3 Hieh-. # HIRIEEEICIE CAM 800mg 57 2, RFP 450mg 77
1, EB 156mg/kg (Fx K 750mg) 43 1 Z# A G Uiz, BIZEMMIX 12 » A & L, EEFHMEE
EISHIHINER L U A AMEEE B LTIEFOEIA & LT,

FEFMEE TH D LY A MEIESR (BN (XRMIRATEHR T 20. 0%(14/70) . 8 H AR
T33.8% (23/68) TH Y, Mt PMAEBEZEITIA LD LN -T2 (A » X 0. 48, 95%
1EFEXE 0. 22~1. 05, p=0.065), HFHEMH CTIL, B HIBREREO T BWIEIERL ¥ A D&
BEALY BT TWD Z EREnT- (BRla 7 Z > 7 /iE; P=0.03), BIREHmIE
HCH OWEEEREMEE, FHzM b Eco Rk, CT prodESE, CAM MHER O MBI
DONWTIE, MBI EREEZZR LD T, HAEFEGICHOWTIEL, AST EH & ALT EH
ILE BB RECAEEICSL . — TR U LBy R LR RS IR R TR B S o T,
fEBEE QOL 1ZBE L CiX, SGRQ A =27 OZALEILMBER] CTHEAE A L Do 7273, SF-36
HIRERIE O A 2 7 g s’ E B IERE CHERICKRE o Te,
AAFZECTIE, RPN HEDE AIEE L 0 BRICHABEDNMEN TV D LIRS ho b
DD, FHEEAED D IX KPR O BEVEIEENNC EE 22 503 & 5 AIREMED /RIE S 1
7o ZERDIRNFEST « Q& IRIERLAR MAC JiE O R TG & H IR ORI T, EEOE
FERE, WERZRRIWER, B YR, BRAEZZEL TSN I RETH D, 1RIFEE
H O 7P HAA Y, HiE, BLXORGHBEZRET 270121, S 672 581580
VETHD,

1) BMJ Open Respir Res. 2019; 6(1): e000434.

2) Ann Am Thorac Soc. 2025; 22 :1183.

R - ABMER (5F 5 FEE)

ER  BEBORT
¥ERIIR LT L OIC, ZWfE TR, B - R, BIF - M EBRE TR EBE T
DOREFETES) GEBE - W) 2kt L T\ 5,

BIFED X H12 8 Al THAIXRWATEHE~AETLERI|B I T2~ ZFEL, &=
Al - BRERD - BERE L - REERE L - B EILRE £ ORI BB T ORI A BRME LT,
10 H @ B ARERE T BEF25H 1 0 BIFEMES TR FBE O S SIEE TR R 25 2 5 |
T IS —IZBWT TEMOHE SR SERE PRIREREZZ X5 ICOWTEY L LT,
FMEET BREREEERFRELY 27 7 L AL DB EFIC kT D
BHRVELS (X ROMGT) [CHOEARAZ—RERK LIz, 11 HOFE 11 Bl HAEHRER R Y Y
— 7 FERFINESIZB W T THRERORATR 20 T [HREEER B ORRE 7B~ 2 ikfd
T, L, ZHOBRNRE~] ZEG L VGEE LT,

D> B Y Be~HRE TP O RFEA LN 2 E Cloidiisk H v | il & ERZSEHRE
THRIG L TWDMN, HhiE CRZESZ ER < HSBEORY A ZEIENZ72025 55, K
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557 o#ENE KT O MBI~ T, KL<, Z2EMRYR— b2~ %1
i% L YouTube (27 v 7 L7,

AR - AFEBTRE (56 FEK)

E=§53 Bl &
MBI BIT A /38— YV )" (Parkinson’ s disease: PD) HBE DOEZEIRILIZ DOUWNT OHF
go
Ju

MBE I, APRREEHR BT OREEFEBIIIT> TR . ZOF THRLZVIREN PD TH D,
T TCUHBEICERT D PD B ORI A LN T 52 HIT 2022 4 11 A 1 B2 6 2023
10 H 31 HETO LAEMIZ, HPEl PD TH#fs L TV B3 & ARE L7 B 2t G2
FkE % TRMNCAE L, @R ORETH- T, HEHMFIC 1 ETHLARBEOS 5
BEIAREBREE L, 2B EOARBEOHHBFIT 1 HIE LT L, BAEE
£ PD, RX—F 2V EMERE, MOMRIEEBORIETIZ PD ZFIE L 7 IERNIERIN LT,
PERI . FEIEFH . FEJRIEEE. Hoehn & Yahr (H&Y) EEJSEE. Deep Brain Stimulation (DBS)
OFME, NIREK, ABLH M &% FbICiE Lz,

FEGIX, 165 i (S5 78 5], 2k 77 . ABT 70 fil, A4k 85 ) T o7o, FEIEF
64.3+t11.37% (APE65.7H10.47%% 4K 63.2112.07%) . MR : 10. 6+£6.5 4F (Afx
11.8+6. 54, 4K 9.5+6.54), ARt TIZH&YIVAIZ L | AR TIX H&YII N0 - T,
ABEHEE, H&YII TIX U Y T—v a3 3% <  H&YIVTIZU ANE Y T—2 g0, L
ANA b, FAFFEDNATH - 7=, DBS MafTHli%, 20 flTH o7z, FEHNTHOWTIL, R
SUEARKIE AN T = A M AN — 22 COMT FHEESE, MAO-B PHESE, V' =#3 K%
BN B2 = NEL BT,

PLEDFERD G HUBEICIsT 5 PD BE OBFEORHEIL, FEIRHIIS 10 2L E & B
BN N EThoT-, T2, VNAEVT—3a VHBIDABRRZ W Z &b YBEORHE T
Holz, EYBEBWTE, VT VU I FT7R0VAFR VT LW o A PHEIC R
LR E 2> T,

Z DMFRFERIC DN T, & 78 MIENHPEREE S (2024, 10.19 KfR) THRA X —
F LT,

B - BRBWITEE (55 £EK)

Bk RARR
ATAEEE D 5 51 & i S MR AR BIZ B 1T DRI R L ORE T 2 21T o 72,
1. REY
AR £ CLRBEIC, BEAKRFITEREICL > T R CBT 2 ENFZEEE OB
FECBITDEMRAT URZBLOAT URZEREICBIT D MCT (RERmMEE) O
EEENZTEW, Flla e S EYSEN 5 FICETE IN-Z EEEE 4, shmTom2n
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4R ICHEB ST,

2. BERHERICBITA2EFRES

B ERIRAFZE R & . (PR H a2 ER ., RS IRE L. I E5E
JER & L b, TRAERICK T 2 EFEEORKY  JRBLENRGH 2Bm L7z, 2
AR, EITYERE BB/ S— 2 Y 0, RIS EE . AR M SR A RE . Y
A RB T =T EOMRENRS LR E G L U, BRRER EMEEE T 7 A N—H1 AL,
BET AR 52 LT, BT OEFEEORMAMEAT L LA E LT
%o Sl BARFAREANE, FHSR, SmEpRRFEEFEL T e b a W EREITV,
B COMPTE RS TOFRBARERT 2021 4£ 6 A L 0 IEFIREREZBIMG L, 2024 4 3
H 31 B £ TIT 68 JEBI D BFRIS LT —ZINEEZ T o7z, 209 LR T RA 2 LT
FEFNZBI LT, 56 68 [Al H A H 75 5 iR P PR S [ CRE R S aaE R L /REE
SRR LIC X v el 21T o 7,

3. JaCALS

HAREWN O Z M R R AL E (ALS) BF VU A MU —To® 5 JaCALS (Japanese
Consortium for ALS Research, AFZEfNEFE  HHRILIT BMER KFHEE)) 12 2006 £ D%
BYEGEVBINL TS, SEE D D ALS JEFI 2 58k U, B2 ER R F Rt N E
A W R KRN EL & IR E 1T > TV D,

B - BEREBRITEE (556 F£EK)

ER RAER
AR D D AT V8B X ORI E BIC BT 2 ERRAFZEIC 2., 22 & ORI FS
SEmMEREB E W BB NBIT IS - 72,
AEY
2024 FEFEN SRR FATERE LV [ 22 BT /AN OIS % 5] &k
WIE, BRIRAEUMRZBLRAEURZ2EFRICBIT S MCT (BRERMES) OfE%xZ =
TAT i XA Coef i CFEHE L 72,
2. MRHERICBIT2EEES
B ERIRAFZEEE & . (FIRG + H e R 2R E R, PRSI L. IS8
L e &b, THREBICE T 2 B FBEORKLN « JREROMmE 2Bk, =
AR, EITVERE LMERRE o S — 3 2 Y 5 R/ NIMZEPESE . AR M SR B LE, Y
A ta T T EOMRERS LOWEEEZ G E U, BRTEH EMEEE 7 7 A N—F1 AL,
BRET— A& 52 LT, RAZLOBFFEEORMAMIAT L2 2AME LT
%o Sl BN E, FHESF, SmERKEEHE L TTa b a b EREITV,
FZhik COMBEE S TORERGREZRT 2021 4 6 A L 0 IEFIERERZBAIGE L. 2024 4 11
ARH THEZ BT L L, 8 65 [0 H AR P iR, 85 125 (Al H AR H SuH
FREIRSE AR AR TR S 2 CRRER OER A B 4 THREEZITo 70, £z, HHRME
BBURMIEESE TR MR BRI O SR RO M8 ) (FRRAMEEE) OV —2 v a v 78
F OIS TRELITo 70, £, WEEE A AT FSEETFSAIGRHS ClE LI2E

Ef

—h
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BNz SV TERSCAE L. Movement Disorder Clinical Practice |[CHE# &7z, BEHFE
KRB LOEULIZHT TIOBOT—42 7 ) —= 7B X O 21772 > T\ 5,

3. MR EL—ZUTV/ PRTLEOEEHRE

&ttt 2a—~ 727 7 VAT 4 (LLF HTS) & 4Bk L ONENL KRFE N BAE AL
R FRAEN AAREFRKY, FrEFHREFNEERNEN iCare (Z2oW\E 5 D 4 BRI DAL R~
nYx=r FChd [REEEEE S AR EOT- o0, FKFEEEETFOINEKRE T — X
N—24k] BB E IR oTe, TAUTHTS AP TIZE L L TV D TS F —AR— RET
AL F - LEEZH LN LD L TBW-ELOEF ik LIFESE5] V7 by
=7 (RA AL —e) OIRMRBALHBFEXETH D, F—AHR— ROEBADIZ L B30FAT)
IZE BT, BEREANCLLAEANZ BT, #EEER EORFEEENH D L@H O
BREANTITFERPRNETH H, £ 2 THRIBTFE 2 O TREEREES TH & A A1 A6
ERDMGMOBRRFEICT v LY LTS, YERIIAFZEET I K OB 78 | S 2 AR 3
EEOEFT —FX—=2Ek « TE=F TSN T\ 5, REEIIESLHFZCHRIE NG
TRV F— - PEERIR AR (NEDO) Bk HE (T4 —T T v 7 « AZ—F T v/
XAEHA /SBIRHEME Y 0 7T & FEEREENF 2o CANTLHEF AT AT LD
FEFFE] IR AEREMAEZIT TV A,

4, JaCALS

HAREWN O ZhE e R bE (ALS) BEF LV YA NY —Toh D JaCALS (Japanese
Consortium for ALS Research, #FZE{FEHE : VLI BHERKFFE)) I 2006 DI
UL VBIML TS, 4Eend 25D ALS JEFI A2 88k L, & ER KRN
4 B R FRERNE & LR E 1T > T b,

5. HAL

RESFEATEIBGER 225 THAL OFEYER) R I FIERENL. D 72 O DO L fisx [ BL 229 - FEREH
& WFFEREE - PEZE NHO HIERPLR) 2ol kW72, 2024 42 7 HITKE IR LE
B XA — TR SN —FT 4 7B M LT, JFETIRESN-FTREIMH TH S
2024 = 12 A £TIZ, YPBE HAL BgR 7 — & @ EDC A& —H5E T S¥ 7,

6. via—-T)— - by—RFLERE - 51T

BEEREREBRTH LIy Va— < U — - by —2% (LLF OMT) OBRESTH D
[CMT A D4z) & HE[FIT, CMT (286 1) D HfE - AME D EREFHE L Web 7 r— FMEATIT -
Too Mt %565 35 B H AR MR P2 AR IT TRE L,

7. ETHEREMREICES (T 5RMBREES

FEH VA SRR L. BURA Tl & & BICHEITIERE BVERREL & X — 3 0 ) LR D RSN
REDMEWTHIBIER 21T\, TR EVERRIIT S — 3 0 U9 & bl L Ok & 23R Jnkk
IR TZEOLZ 2B LT LTz, #E51E BMJ Neurology Open |ZimSCHE#H S 7z,

8. TER] WEEAR
ENERTFSDOFEETH L TER] OWMEZB L ARTE XV EGREER LV gl kv,
Befrim LA GLR L ORESH S INEO BT 201,
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[ARBARBIRL. Y FTO—V TR - #R]

OZEGAR 1 (WFFEsr )

JEA G R A SE B A Bh A SR - BREXIIRITIC 0 AR BBURAM I F2E

PR AR MR BRI Z 30 1T 2 MBS O R KHE D ) ECESE @ QOL ) RIZE 3 2 HF5E (23FC1008)
OfFARRES (e HEE)

JEAE G AT B HEE R A B B TR - PEERIRIIIE 0 B EEE YRR R BUR MR F2E

A BT HERAMZE (20FC2001)
OZEGH - (WFEBRFE ) | FaARE (FFgesnd)

H ARSI ICHH TS (AMED) ZEFEAFZuB R F3E AR A
WETTVERE VR & K R R A A MEE & b 5 & L 7= Stk
DEWZIET EF o 2 DORESE (23ek0109545h0003)
OZEGAR 1 (WFFERERE)

AAZ RIS B PR g Bk EE (e B s e Bk 4)

N—=F Y = XA L% BT HMRAEMEEBICBIT 52 raxX=7 - HFHRIE & Tk o

(22K07437)
OfFARES (FEM9EE)

AR X R PE SE AT PR R B B k4 (SBIR HEE 7' m 7T 1)

T EnEE ek I ED T2 O FEEEEEF O E 7 — 7 X— 21k
Ot s (WFFERERE)

AAZ RIS B PR g kR (7B i e Bk 4)

25 R R R RSB O SIALENE & 5 % v b U — 7 OREABIRIEOfER]  (23K10446)

(TS

FH
Fe[EFfA & 2R — MIFSEIC L D8

EBM 56 0D 1= 8> D K IRIREG ER 32

OHJIl #1 (WFgesr )

TR BE T 2 IBE ARSI RERE T 7 7 & 23 (iR ARG R ERE 7 7 T2
DGR & 23 (IS B AR 2 BRI 7 7 F » W O A 9WE D el — — B MRIEVE AL
belsalliR — (CPT) (BRI % : H27-EBM (U1 A) -01)

EiLmEER Y FO— 0 XRWHE

OZEGH -+ (WP )

B X—F Y RO TR S sk I E TR X AF2E (R5-NHO (#1#%) -01)
ORIl 1 (WFFe )

[E SLIRBTsE R > b U — 7 L[ERFSE

FEH « U SCIRBER AT MAC JiE L k13- 2 R HOTEHE &l H IR O 2 sk L RFEE M 7 » & AL i
RBR (BRIRZE S« H30-NHO (FRIE) —01)

OHJIl # (WFFesr )

R PERR BB OF L 72 SIE BN 31T 2 16 58 L IREEGE ORI &V 7V T —v KT — X 3
A (BIRES - H31-NHO (FE) —01)

OHJIl # (WFFesrRE)

FAMEE ® 7 COPD 3 O H ARTEEIE T HIAIERL (BRIRE S : RA-NHO (FEZ) —01)
OmfEZ M (WFFr )

JEORVERRI-PERRAE 2 D LR L3 & AIZE D 72D O R HBI 2R 28 (BR4RE = : R2-NHO (JH1k) —01)
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OmitEzem (e HEE)
SEPE TR 3 L OV RIER B A I 2% 2 & e ST R o AR ks L OV EIE L, BlE(L
(ZRIT 2K FIZBIT 2098 (B4R 5+ R3-NHO (FH1k) —03)

OmitEz=m (e )
NEMGPERTE RS O HAREE & A X R IEAEICBIT 2 i X BLEEnF9e (BRHRERRE - R5-NHO (T4
{£)-01)

OmitEz=m (e )
BMERT R OFARDLIS L OESE L, BYEICEAT 2 KFIZR8 o 0F98 (BRARGEREE - R6-EBM(TH
{£)-01)

ORI 7 (ST HE)
B D REEF BT DR AEROERERAE (RIS © R2-NHO (FE.L») -01)

HMHMRHRR
OB, A1, HE 3, ST, EEBET
AT EE R RS OBENIC R T 2B HET UV Y 7 —3 3 v ABROZ RARGE~ 2% L [F]
Z v H MU BR DHE R ~
JEAE SR EA S E A B A HHAEMER BBURII T F 2 MR BRI 33 1T 2 HER O R K
Yepra) BB O QOL ] RICE T ARFREE S5 4E (2023 4F) FEEEFAEE 2023.12.2. AT
OfEARRS, JHER 7. SRR, ARG, B, HRER, SR =TZ, It & B
M, BEGART
PR MERR B B8 1T D A B 5E O BRI IR
JEAE SR EA S E A B A HHEMER BBURIF LR R EER A
Hpm ECBEE O QL [ BIZET A0 506 4 (2024 ) &
HUR
OfARRS G 7. SRR, ARG, mR R, ERER., SR =TZ, Wt 5 B
Mg, BEGALT
HEATVERE RIS 31T B & PR DR~ S —F v i & O it ~
JEAE R E e A B A HHAEMER BBORIF R AR AR R 35 1 2 R O R K
Hpm ECEREO QL M LICETHHEEE SF0 6 4F (2024 4F) LIS 2024.12.21 AL
OfEAR RS
I AT U2 ERE O MCT (BREERAMEE)
BN 6 IR G T M A 2 A A (BRI BRI ZE S ) R ' BT A A
WHEEE PR 2025. 1. 31

RIS 1 D HER D E IR K
U—2ray7 2024.7.19

MRS E
OZEGH (WHE0FE) . fAmESE, #BE 3, &7 R H#E)
HEATVERZE MR BT ORI 2 BIEF U B ) 7 — 3 3 » ABED ) S AR GE ~ 2% B8 H (]
T B MU EGABR O TR R~
JEA G R A SR B i B ERHA MR BRI IS MRS MER AR C 3 1T D HER oD R RK
Epm EREEO QOL [ RITE T DAFZEEHE SRSEELREE - RSt E 30-31  2024.5
OZEAL 1 (W90 3) . fARRA, GRS 1. BEHOUR, /AAREEE, BRI, WERER, &
W=T=, S BREPHESR (BFZEH &)
HEATHE EVERRIC 1T 2 5 A E DR~/ — % 0 Y UK & D s~
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AT BB AR R D A MEIR REBORIT IR R AR ZEMEAR I Z 38 1) 2 B 0D [ A K
WD ERLBA O QOL A LICE T MFEHE ARG RIS - SRl E 2025

[(EE - /X - 8]

(ORyoichi Nakamura, Genki Tohnai, Masahiro Nakatochi, Naoki Atsuta, Hirohisa Watanabe,
Daisuke Ito, Masahisa Katsuno, Akihiro Hirakawa, Yuishin Izumi, Mitsuya Morita, Takehisa
Hirayama, Osamu Kano, Kazuaki Kanai, Nobutaka Hattori, Akira Taniguchi, Naoki Suzuki,
Masashi Aoki, Ikuko Iwata, Ichiro Yabe, Kazumoto Shibuya, Satoshi Kuwabara, Masaya Oda,
Rina Hashimoto, Ikuko Aiba, Tomohiko Ishihara, Osamu Onodera, Toru Yamashita, Koji Abe,
Kouichi Mizoguchi, Toshio Shimizu, Yoshio Ikeda, Takanori Yokota, Kazuko Hasegawa, Fumiaki
Tanaka, Kenji Nakashima, Ryuji Kaji, Jun—Ichi Niwa, Manabu Doyu, Chikashi Terao, Shiro
Tkegawa, Koki Fujimori, Shiho Nakamura, Fumiko Ozawa, Satoru Morimoto, Kazunari Onodera,
Takuji Ito, Yohei Okada, Hideyuki Okano, Gen Sobue; Japanese Consortium for Amyotrophic
Lateral Sclerosis research (JaCALS) study group
Genetic factors affecting survival in Japanese patients with sporadic amyotrophic lateral
sclerosis: a genome—wide association study and verification in iPSC-derived motor neurons
from patients

Journal of neurology, neurosurgery, and psychiatry 2023 Oct;94(10):816-824 Epub 2023 May
4

(OTakashi Ando, Yuichi Riku, Akio Akagi, Hiroaki Miyahara, Takashi Uematsu, Ikuko Aiba, Jun
Sone, Masahisa Katsuno, Mari Yoshida, Yasushi Iwasaki
Degeneration of olivospinal tract in the upper cervical spinal cord of multiple system
atrophy patients: Reappraisal of Helweg’ s triangular tract
Brain Pathology 2023 Nov 2;16:e13226

O Tkuko Aiba, Yuichi Hayashi, Takayoshi Shimohata, Mari Yoshida, Yuko Saito, Koichi
Wakabayashi, Takashi Komori, Masato Hasegawa, Takeshi Ilkeuchi, Aya M Tokumaru, Keita
Sakurai, Shigeo Murayama, Kazuko Hasegawa, Toshiki Uchihara, Yasuko Toyoshima, Yufuko
Saito, Ichiro Yabe, Satoshi Tanikawa, Keizo Sugaya, Kentaro Hayashi, Terunori Sano, Masaki
Takao, Motoko Sakai, Harutoshi Fujimura, Hiroshi Takigawa, Tadashi Adachi, Ritsuko
Hanajima, Osamu Yokota, Tomoko Miki, Yasushi Iwasaki, Michio Kobayashi, Nobutaka Arai,
Takuya Ohkubo, Takanori Yokota, Keiko Mori, Masumi Ito, Chiho Ishida, Masaharu Tanaka,
Jiro Idezuka, Masato Kanazawa, Kenju Aoki, Masashi Aoki, Takafumi Hasegawa, Hirohisa
Watanabe, Atsushi Hashizume, Hisayoshi Niwa, Keizo Yasui, Keita Ito, Yukihiko Washimi,
Eiichiro Mukai, Akatsuki Kubota, Tatsushi Toda, Kenji Nakashima; J-VAC study group
Clinical course of pathologically confirmed corticobasal degeneration and corticobasal
syndrome
Brain Communications 2023 Nov 3;5(6) :fcad296

(ONicolas Leventoux, Satoru Morimoto, Mitsuru Ishikawa, Shiho Nakamura, Fumiko Ozawa, Reona
Kobayashi, Hirotaka Watanabe, Sopak Supakul, Satoshi Okamoto, Zhi Zhou, Hiroya Kobayashi,
Chris Kato, Yoshifumi Hirokawa, lkuko Aiba, Shinichi Takahashi, Shinsuke Shibata, Masaki
Takao, Mari Yoshida, Fumito Endo, Koji Yamanaka, Yasumasa Kokubo, Hideyuki Okano
Aberrant CHCHD2-associated mitochondriopathy in Kii ALS/PDC astrocytes

-103 -



Acta Neuropathologica 2024 May 15;147(1) :84

(OKeita Sakurai, Aya M Tokumaru, Mari Yoshida, Yuko Saito, Koichi Wakabayashi, Takashi Komori ,
Masato Hasegawa, Takeshi Ikeuchi, Yuichi Hayashi, Takayoshi Shimohata, Shigeo Murayama,
Yasushi Iwasaki, Toshiki Uchihara, Motoko Sakai, Ichiro Yabe, Satoshi Tanikawa, Hiroshi
Takigawa, Tadashi Adachi, Ritsuko Hanajima, Harutoshi Fujimura, Kentaro Hayashi, Keizo
Sugaya, Kazuko Hasegawa, Terunori Sano, Masaki Takao, Osamu Yokota, Tomoko Miki, Michio
Kobayashi, Nobutaka Arai, Takuya Ohkubo, Takanori Yokota, Keiko Mori, Masumi Ito, Chiho
Ishida, Jiro Idezuka, Yasuko Toyoshima, Masato Kanazawa, Masashi Aoki, Takafumi Hasegawa,
Hirohisa Watanabe, Atsushi Hashizume, Hisayoshi Niwa, Keizo Yasui, Keita Ito, Yukihiko
Washimi, Akatsuki Kubota, Tatsushi Toda, Kenji Nakashima, Ikuko Aiba; J-VAC study group
Conventional magnetic resonance imaging key features for distinguishing pathologically
confirmed corticobasal degeneration from its mimics: a retrospective analysis of the J-VAC
study
Neuroradiology 2024 Jul 22;66(11):1917-1929

(OAya Tkeda, Hongrui Meng, Daisuke Taniguchi, Muneyo Mio, Manabu Funayama, Kenya Nishioka,
Mari Yoshida, Yuanzhe Li, Hiroyo Yoshino, Tsuyoshi Inoshita, Kahori Shiba-Fukushima,
Yohei Okubo, Takashi Sakurai, Taku Amo, Ikuko Aiba, Yufuko Saito, Yuko Saito, Shigeo
Murayama, Naoki Atsuta, Ryoichi Nakamura, Genki Tohnai, Yuishin Izumi, Mitsuya Morita,
Asako Tamura, Osamu Kano, Masaya Oda, Satoshi Kuwabara, Toru Yamashita, Jun Sone, Ryuji
Kaji, Gen Sobue, Yuzuru Imai, Nobutaka Hattori
CHCHD2 P14L, found in amyotrophic lateral sclerosis, exhibits cytoplasmic mislocalization
and alters CaZ+ homeostasis
PNAS Nexus 2024 Jul 30;3(8):319

(OHiroshi Takigawa, Ritsuko Hanajima, Ikuko Aiba, Takayoshi Shimohata, Takahiko Tokuda,
Mitsuya Morita, Osamu Onodera, Shigeo Murayama, Kazuko Hasegawa, Aya M. Tokumaru, Hisanori
Kowa, Masato Kanazawa, Tameto Naoi, Kenji Nakashima, Takeshi Ikeuchi, JALPAC study group
Japanese longitudinal biomarker study in progressive supranuclear palsy and corticobasal
degeneration: Clinical features of the first registered patients and short—term follow—up
analysis
Clinical Parkinsonism & Related Disorders 2024 Oct 26;11:100279

(OMasahiro Wakita, Hiroaki Yaguchi, Mika Otuski, Satoshi Tanikawa, Yasuo Miki, Ikuko Aiba,
Mari Yoshida, Taichi Nomura, Hisashi Uwatoko, Yasunori Mito, Kazuyoshi Sinpo, Takeshi
Ikeuchi, Shinya Tanaka, Koichi Wakabayashi, Ichiro Yabe
Pathological study of progressive supranuclear palsy the cases with mutations in Bassoon
Neuropathology 2025 Apr;45(2):140-152 Epub 2024 Oct 31

(OShin-Ichi Terao, Yasunobu Nosaki, Atsunori Murao, Ryota Torii, Nanayo Ogawa, Naofumi Miura,
Yousuke Sasaki, Gen Sobue
Onset of age, site and respiratory symptoms are strongly associated with respiratory decline
in sporadic amyotrophic lateral sclerosis: a long—term longitudinal study
BMJ Neurol Open 2024 Dec 18:;6(2) :e000829

(ORoongroj Bhidayasiri, Ikuko Aiba, Masahiro Nomoto
The centenarian blueprint: lessons in defying Parkinson’ s disease
Journal of Neural Transmission 2025 Mar;132(3):331-339 Epub 2024 Dec 27

- 104 -



(OYoya Ono, Hiroshi Takigawa, Akira Takekoshi, Nobuaki Yoshikura, Ikuko Aiba, Ritsuko
Hanajima, Hisanori Kowa, Masato Kanazawa, Takahiko Tokuda, Aya Midori Tokumaru, Mitsuya
Morita, Kazuko Hasegawa, Kenji Nakashima, Takeshi Ikeuchi, Akio Kimura, Takayoshi
Shimohata ; JALPAC Study Group
Frequency of anti—IgLON5 disease in patients with a typical clinical presentation of
progressive supranuclear palsy/corticobasal syndrome
Parkinsonism & Related Disorders 2025 Jan 15:107289

OB 1-

84 BHERE - EBROXIS 2. N —F LV PR
KA ENROERHTONR-oTEZITHTED WH - WETHEEAY v P 187-194
2023.9. 24

OB T
I ERENZEE T T B DR REORA b
RAEZI O 7= O OAPRRFT RO & 0 J7 195-206  2023. 10. 25

OZEGH . BH Ik
F2WUL YT v MOERER Z & ORI - ks sE 4 BTREE
LoT vk — R 25(8) :80-87(1386-1393)  2023.7.20

OB T
IN—=F Y R EFRRIRIBDOBIR DR A b (=% Y RO R TR YRR
Medical Practice 40(11):1711-1716 2023.11.1

Ofllpx, BE B, M KK, &FHEH 251, R 2
RptEE bz GO LU B 7= g DR L EIRIR CTRNAITHILE /e - T HAE COVID-19
» 1
Patient with Heterotopic Ossification Post—SARS-CoV-2 Infection Regained Ability to Walk
Independently Indoors after Rehabilitation and Drug Therapy:A Case Report
The Japanese Journal of Rehabilitation Medicine 61(3):216-222 2024.3.18

OFGHAR+
22 MEATPERE LIERRE
Mt RN R 2 OfE  130-136  2024. 6. 10

OFEGARF. Ll B
B A TR - AR BIC B T DO EEN T 2. 3—=F 0V U (B ROV—%F vV VEfERE)
HRAB TR D 7 w3z 5 1E LWELOEW T — BB HIEREEE, U v ~F, N—F YV R, MR
. 7L A7 — 103-107 2024.9. 20

OfAREZ, Ll B, Z5A01
54 BN - IR RICERIT DELOZIR LT b R E
HRAB TR D 7 w8z 5 1E LWL — BIBHIEREEE, U v ~F, N—F YV R, MR
. 7L ANl — 114-117 2024.9. 20

OG-, HHEM, IIascr
Controversy PSP & CBD #4315 Z L I1XAH Yes DN G (BEEANF. S HEFE) No O
B (IAS)

MDSJ Letters 17(1):4-6 2024.6.25

- 105 -



OF1-
PR B OB T~ T, KL< ZE7RxRE ~
A TR S, 7 30(9):48-52 2024, 12. 1

OMitsuaki Yagi, Yuichiro Shindo, Yoshikazu Mutoh, Masahiro Sano, Toshihiro Sakakibara,
Hironori Kobayashi, Akinobu Matsuura, Ryo Emoto, Shigeyuki Matsui, Taku Nakagawa, Kenji
Ogawa
Factors associated with adverse drug reactions or death in very elderly hospitalized
patients with pulmonary tuberculosis.
Scientific Reports 2023 Apr 26;13(1) :6826

(OTakayuki Inagaki, Shoki Asahi, Kenji Ogawa, Taku Nakagawa, Teruko Ohkura, Yukari Osada,
Toshiaki Nikai, Kiyofumi Yamada, Tetsuya Yagi, Kei-Ichi Uchiya
Development of a rapid detection method for the macrolide resistance gene in Mycobacterium
avium using the amplification refractory mutation system—loop—mediated isothermal
amplification method
Microbiology Spectrum 2024 Apr;12(4):e0233923  Epub:2024 Feb 2

(OKozo Morimoto, Mizu Nonaka, Yoshitaka Yamazaki, Taku Nakagawa, Jin Takasaki, Kazunari
Tsuyuguchi, Seigo Kitada, Zhanna Jumadilova, Dayton W Yuen, Monika Ciesielska, Naoki
Hasegawa
Amikacin liposome inhalation suspension for Mycobacterium avium complex pulmonary disease:
A subgroup analysis of Japanese patients in the randomized, phase 3, CONVERT study
Respiratory Investigation 2024 Mar;62(2):284-290

OHiromu Tanaka, Takanori Asakura, Satoshi Okamori, Koji Furuuchi, Mitsuaki Yagi, Yuji
Nakayama, Junko Kuramoto, Kazuma Yagi, Isano Hase, Hirofumi Kamata, Keiji Fujiwara, Akira
Nakao, Yohei Masugi, Yasunori Sato, Yae Kanai, Ho Namkoong, Koichi Fukunaga, Taku Nakagawa,
Kozo Morimoto, Masaki Fujita, Naoki Hasegawa
Distinctive clinical features of radiological pleuroparenchymal fibroelastosis with
nontuberculous mycobacterial pulmonary disease: A multicenter retrospective cohort study
International Journal of Infectious Diseases 2024 Nov:148 Epub:2024 Sep 4

(OTaku Nakagawa, Kohei Fujita, Mari Miki, Akihiro Ito, Ho Namkoong, Takanori Asakura, Kozo
Morimoto, Naoki Hasegawa, Toshiyuki Kita, Akira Watanabe, Kazunari Tsuyuguchi, Masahiro
Kawashima, Ayako Shiozawa, Satoru Watanabe, Atsuo Sato, Tatsuo Kato, Yoshifumi Kimizuka,
Hiroaki Harada, Kaori Fujita, Akiko M Saito, Hiroya Hashimoto, Yoshikazu Inoue, Kenji Ogawa
Intermittent versus Daily Therapy for Noncavitary Mycobacterium avium Complex Pulmonary
Disease: An Open—label Randomized Trial
Annals of the American Thoracic Society  Epub:2025 Mar 28

OFRBNEM ., ADJNEZ, I 6, IWIEE, AR = KE 1# E#EEfGL, ek E, #EE
M R, BEAEEL ME WL e RRE, TR, 49HRI B
B A RS AZ MR R AE AL A IS B 3 2 U — 2023 FRIGET
fEtz 98(5) :177-187 2023.7.15

ORIl #h
S SCHLARIE & il FER M EURR B E
IR Z8NAL 43 (4) 1411-416 2023, 4. 28

- 106 -



O fk, MHE =, Il
Tk
Fr TR DR 5 Respica  22(1) :12-18 2024.1.9

OERWNER, A% &, KRH H, SWEZ, Bamia, B 6, mE #, EBAER. BR %,
FREER, =WNEZ. A = IR, fex RiEfe, 1 &, A9
T oiEE N A TA] (amikacin liposome inhalation suspension: ALIS ER5e4 7 U 4
A AWAHE 590mg) [\ ZBA9 DA RS — U] 2024 —
fERZ 99(6) 1187-188  2024.9. 15

OERWNER, A% &, KRH H, SWEZ, Bamia, B 6, mE #, EBAER. BR %,
FREER, =WNEZ. A = IR, fex RiEfe, 1 &, A9
N FERERZ M T e B E 2 W2 BE 4 2 Fa$t — 2024 AECkET
FEEZE S 99(7) :267-269  2024.11. 15

ORIl #h
S Nl FERERZ HEHTRR BEAL P REE I B9 2 LR - il MAC JiE
MR SRNEL  45(6) 1585-590 2024. 6. 28

ORIl #h
FERE AU B E
JRYLSE B BT OVRIE 2025-2027  231-234  2025. 1. 24

ORIl #h
WAL TR RE O VEHE — B A FERSBZ MEPUIR AL P A 1B 9 5 AR 2023 ARCiGET 25 %
ZT—
MR g NEE 47 (3) 1230-235  2025. 3. 28

OIHBSRE, & SR, I R, NIEZ
AR AZNEDIRR EE (259 2 FMBHEHE « BLIR & iR
fEt%z  98(6) :207-214 2023.9. 15

Ol H etk
PR TR E DS BHE IR — IiFERAZ ED IR FAE (4 24 BHEHE Up To Date—
fEt%z 98(6) :219-221 2023.9. 15

(OToshikazu Ito, Ei Ueno, Tokiko Endo, Kiyoka Omoto, Akira Kuwajima, Nobuyuki Taniguchi,
Hiroko Tsunoda, Eriko Tohno, Hideyuki Hashimoto, Yasuhisa Fujimoto, Takanori Watanabe
The Japan Society of Ultrasonics in Medicine guidelines on non—mass abnormalities of the
breast
Journal of Medical Ultrasonics 2023 Jul;50(3):331-339

ORFFER, JIIARZER, R 2, BBREPHEZ. I BRI, PNAERRE, @i E, mEik
BEF. PE K
JABTS BRfERE BT 7 7 > A DOBAFEEZ SV k> T
FLARFCIR B E R 12(3) 146-51  2023. 7. 30

(OMakoto Tahara, Hiroshi Takami, Yasuhiro Ito, Takahiro Okamoto, Iwao Sugitani, Kiminori
Sugino, Shunji Takahashi, Hiroshi Takeyama, Hidemitsu Tsutsui, Hisato Hara, Ayako
Mitsuma, Hiroyuki Yamashita, Yasuo Ohashi, Tsuneo Imai
A Prospective Cohort Study Exploring the Effect of Lenvatinib Planned Drug Holidays in
Treatment of Differentiated Thyroid Cancer
Thyroid 2024 May;34(5):566-574 Epub:2024 Apr 17

-107 -



OVYuki Asai, Takumi Tashiro, Yoshihiro Kondo, Makoto Hayashi, Hiroki Arihara, Saki Omote,
Ena Tanio, Saena Yamashita, Takashi Higuchi, Ei Hashimoto, Momoko Yamada, Hinako Tsuji,
Yuji Hayakawa, Ryohei Suzuki, Hiroya Muro, Yoshiaki Yamamoto
Machine Learning—Based Prediction of Digoxin Toxicity in Heart Failure: A Multicenter
Retrospective Study
BIOLOGICAL & PHARMACEUTICAL BULLETIN 2023 Apr;46(4) :614-620

ONatsuko Ishida, Shunsuke Ono, Ryohei Suzuki, Kei Nojiri, Shinnosuke Ootsuki, Nobuyuki
Zakoji
Comparison of factors associated with drooling between intractable neuromuscular disease
and cerebral palsy
JOURNAL OF CLINICAL NEUROSCIENCE 2023 Sep;115:71-76

OAyumi Nakamura, Yuta Kimura, Yuka Tanaka, Daisuke Tsuchimoto, Atsuhiko Naruse, Tetsufumi
Kanemastu, Kento Takeuchi, Nobukazu Tomita, Kenji Miyazawa, Tomohiro Fukuoka, Akiya Mori,
Shinya Tamaki, Aiko Fujioka, Satoshi Yokoyama, Yoshiaki Ikeda, Hirokazu Nagai
Favorable Prognosis in Patients With Multiple Myeloma and Lenalidomide—Induced Skin Rash:
A Multicenter Retrospective Study
European Journal of Haematology 2025 Feb;114(2):267-275 Epub:2024 Oct 22

OFMHDI, FTRET. ksl O, siEEN
ANT 4 Y TN R D DEE 2 FRIE L 7o 238 HIE O — 151

H AR ERIR IR S A HERE 30:308  2028. 5
OFMEETF, T A
R T TA P —IZoWNTHEHINTZS
Rp. +L v BT 2 WAK] ZATH % | fiEfia Uo< W - Lon $7-8— hBOOK
23(2) :167-169 2024.4. 1

(OTakeharu Tsuboi, Hiroshi Tatsumi, Kosuke Kobayasi, Rina Hashimoto, Ikuko Aiba
Cognitive impairment in PSP compared with PD: assessment by clinical subtype and
longitudinal change
BMJ Neurology Open 2025. Jan 9;7(1) :e000946

(OTakeharu Tsuboi, Yasuhiro Tanaka, Kosuke Kobayasi, Rina Hashimoto, Yoko Ito, Naoki Nishio,

Takashi Tsuboi, Michihiko Sone, Masahisa Katsuno, Ikuko Aiba
Re—Emergent Vocal Tremor in a Patient with Parkinson’s Disease
Movement Disorders Clinical Practice 2025 Jun;12(6):860-862 Epub:2025 Mar 20

(ONaomi Matsuda, Yasuyuki Takamatsu, Makoto Sawada, Ikuko Aiba
Performance of a Two—Week Rehabilitation Improves Motor Function in Inpatients with
Progressive Supranuclear Palsy: A Pre—Post Study
Brain sciences 2025 Jan 17:15(1):88

O B
54 BN - MRRABIZBIT DOBIREMFENTT N—=F Y R (BRON—F Y EBRE)
RAHFRE PR
BLtB] PRI D7 v 8 A HIE LWL OV 103-107, 114-117  2024. 9.5

OWALEKR, fAHESE, ST

7. BREEHEIN L #5f8) Environmental Factors and Falls
The Japanese journal of Rehabilitation Medicine 62(1):45-50 2025.1.18

- 108 -



ORI Gk, BLH B, MRS, BRksF A, KEPER . GHER I
[E IR BeE e o THEE.OEREE « RN « oA a7 40— I2OWT
EHE 78(6) :361-365 2024.12.30

[#& - IRERER]
(OAiba I, Hayashi Y, Shimohata T, Yoshida, Saito Y, Wakabayashi K, Komori T, Hasegawa M,
Tkeuchi T, Tokumaru AM, Sakurai K, Nakashima K, J-VAC study group.
Clinical sign and course predicting background pathology in corticobasal syndrome.
The PSP & CBD Iniernational Research Symposium (Neuro2023) 2023.10.19-20 UK
OGiinter Hoglinger, Lahar Mehta, Mathias Leinders, Yuehui Wu, Jamie Timmons, Amanda Hayden,
Tkuko Aiba, Angelo Antonini, Adam Boxer, Yaroslau Compta, Anthony E. Lang, Huw R. Morris,
Per Svenningsson, Anne-Marie Wills, Henrik Zetterberg, Lawrence Golbe
Design of a Global Phase 3, Randomized, Double-Blind, Placebo—Controlled Trial of AMX0035
in Progressive Supranuclear Palsy (A35-009 ORION)
The PSP and CBD International Research Symposium (Neuro2023) 2023.10.19-20 UK
OGtinter Héglinger, Lahar Mehta, Mathias Leinders, Yuehui Wu, Jamie Timmons, Amanda Hayden,
Tkuko Aiba, Angelo Antonini, Adam Boxer, Yaroslau Compta, Anthony E. Lang, Huw R. Morris,
Per Svenningsson, Anne-Marie Wills, Henrik Zetterberg, Lawrence Golbe
ORION: A GLOBAL PHASE 3, RANDOMIZED, DOUBLE-BLIND, PLACEBO-CONTROLLED TRIAL OF AMX0035 IN
PROGRESSIVE SUPRANUCLEAR PALSY (A35-009)
AD/PD 2024 2024.3.6 Portugal

OTkuko Aiba
A Patient with Clinical Presentation of Richardson’ s Syndrome but Pathologically Confirmed

Secondary Hydrocephalus without Neurodegenerative Disease
Hydrocephalus 2024 2024.9.16 Nagoya

OAnne-Marie Wills, Ginter H6glinger, Lahar Mehta, Mathias Leinders, Yuehui Wu, Jamie Timmons,
Amanda Hayden, lkuko Aiba, Angelo Antonini, Adam Boxer, Yaroslau Compta, Jean—Christophe
Corvol, Anthony E. Lang, Huw R. Morris, Per Svenningsson, Henrik Zetterberg, Lawrence Golbe
ORION: A Global Phase 2b/3, Randomized, Double-Blind, Placebo—Controlled Trial of AMX0035
in Progressive Supranuclear Palsy (A35-009)
International Congress of Parkinson’ s Disease and Movement Disorders 2024.9.27-10.1
USA

(OSakurai K, Tokumaru AM, Yoshida M, Saito Y, Wakabayashi K, Komori T, Hasegawa M, Ikeuchi
T, Hayashi Y, Shimohata T, Murayama S, Iwasaki Y, Sakai M, Fujimura H, Hayashi K, Sugaya
K, Sano T, Takao M, Mori K, Ito M, Nakashima K, Aiba I, J-VAC study group
Utility of conventional magnetic resonance imaging features for distinguishing
pathologically confirmed corticobasal degeneration from its mimics: a retrospective

analysis of the J-VAC study
neuro2024 The PSP and CBD international Research Symposium 2024.10.24-25 Canada

- 109 -



O ¥, vl =, HHEH, & ol S8R0 BT, Se-miE 0B, & /IR KN .
B FEERARER 7. BNHER, TARSE— BRNZH. EIR TR, TR . AILERE, Foik
MERS. HR BERL. AREDGER. A0 . WIS, AE SR AL Jo. IREBEF
Characterization of CHCHD2 variants linked to amyotrophic lateral sclerosis and Parkinson’ s
disease
55 64 [\ I AR AT RS 2023.5.31 T4

OZEZFERE, B HE—, RARA, FIRGLAN, iR E s, 2581, EAR 5, BEpsh, S HEHE,
el v
Helweg' s triangular tract degeneration in multiple system atrophy
55 64 [\l I AR AT RS 2023.5.31 T2

ORfA 5. Fepgeme, fiR7r, BARS, FIURE]. WIREM, M)Ild &, Fmikmikr. 2y
ARF. BLH
SBMA /& 0> HAL®AMT 3 il b
5 64 [] A AR A AT RS 2023.5.31 T2

OB T
R BB AT E R~ A — N — B 2 —~
5 64 [A] A ARSI AR EATRE 2023.6.1 T3

OB T
Treatment strategies targeting tau in progressive supranuclear palsy
HEATHRL EHRIIC R T A2 U a2 —7 y b & LTIRIFEFR OB & 8
5 64 ] A AMRREFAREATRE 2023.6.3 T3

ORER . T, RIgEA., B)ild s, ZHAT. BE R
SBMA £ D HAL 317 31806 1E fH R
FBOOM AR NEY T — g SEERPNES 2023.7.2 @l

OWIREE—, FEHEHER T R, B HE—. S=IR0AB, SR 5. SmMEH, S 6. ZE50
%

JEORS AR SR B LAE OD i R % 52 U 72 A THERZ B BRI D—+51]
A progressive supranuclear palsy patient presenting with primary lateral sclerosis
55 64 [0] B AR B e R NI 78S 2023.7.7 TG

OFEGARF. AL BT

PSP & CBD Z#biJ 2% Z LITAMTE : yes (EGHT)
PSP & CBD #0175 Z LIZAMTE tno  (ABE)
BT RIN—=F Y o - EEBEERE = VR 2023.7.22 KRk

O P, FEHn, IR, AR, OHURET. PR &%, WRES, 8R=T=. K
A EIGART
A CTH U7z re—emergent tremor ZaRO7-/X—F LV RO 1 H
BT RIN—=F Y o - EEBEERE = VR 2023.7.22 KRk

OELHRF
FE R O R DI TR R 2 & 2 5
H AR T B2 5 10 [I%2firdE 2023.10.8  AUHD

-110 -



O SR, FM=z, IEZ, FFETEHE, YT, KEEZ., FHSHE, Bk, 2540
+. AJIIETE, MHEs A

Z=—h 7327 7Y TDPT-GT T & 23

A AHAE T PP 10 [ sE<es 2023.10.8  U#D
O, B B, & R, T $6, BEGA8F. Ria 52, BARESR, AIURE, Bikmik1,
VEREFERE, FLIRE B

il o F o A )V ZJEYLE (COVID-19) BIZHER U B Y T —3 9 UBAMETH o 12 BH DR
EHRIFITOUNT

5577 BIENDREPGR A ET S 2023.10. 20 JRS
O e, BWHE B, K 52, 2350, HEEmk-, #)Iox, RIRERL, BARS, ke
me, A RJEAE

ROEIRAR X DR AR 2% B 0F LTERBAEZ £ 5 /35— 2 Y U0 4 Bl kgt

55 167 [B] H AP et 72 2023, 11,18 @
OZEGH

IR ERE O RATIR 2 PR B OIRE TR~ T, L <. Zmmexik i ~

%11 B A ARERER R v T — 7 FapiiEe 2023.11.25 AR
ORIRBE R, HEFENe, ZHAR1. KR %, BE B, #HAEKR

it ZE% D U e Y ABEHIZHAZMR D IR U, AR RE & L CiaiERZEo Lz 14
HARNEFESE 252 [BIHMEM 2 2024, 2. 18 I F
OfARR, MEEME, FiEEpe, RIRER, )W e, migmk . 251, K
S, WHE B, HHEH, Sk 5

X DD TREIR R0 % 5 U 7= i) ZEME M SR A AL AE O 1 R 5]

%5 168 [l H st At 7o 2024.3.9 4 E
O lEpdA, A&, (WFERE, Rid %

Filamin C actin-binding domain ® I At AELEIZ LD I A NF—D—5F%

%5 168 [l H et s At 7o 2024.3.9 4 E
OfEARS

PR B DERIT 412DV T

TR 2 B R U 72 7 22 e M A SR A e AR oD — 151

A 5 AR 3 B4 RKAMEBE#AT — g VEKS/METIEES 1T 5 EREE L o
2023.5.13 4R
OfEARSR

AP BRIZ T Efgartigimod & $¢ 5 L 72 #EVEME eMG @ 2 SEH]

JEBINOF5 1M B — — A 7 H— g% 1 JEFE—  2023.6.30 4dE (Web FEfE)
OfEARSR

B REEE &

WA HRFEaI 2= —32 g Y — ) UREE 1 H] 2024.2.6 4R (0N 7V v REIE)
O#FAK & Nicolas Leventoux, £l F&. HATERE, /NS 1 /NREY 23 JEETE 5 | Sopak Supakul ,
FABLE, Zhi Zhou, /IARTE ., ANEREAEME, JR)IMESE, BHA . &BE—. ZHET. @B
Eft, mEREs A, iz ANREE. B

Aberrant CHCHD2-Associated Mitochondriopathy in Kii ALS/PDC Astrocytes

5565 [0 H AP AN RS B 19ET VT A 7 = T RS AOCN2024  2024.5.29 IR
pi

- 111 -



O ¥, vl =, HHEH, & ol S8R0 BT, Se-miE 0B, & /IR KN .
B FEERARER 7. BNHER, TARSE— BRNZH. EIR TR, TR . AILERE, Foik
MEAS . B BEGL. AREDLEk. HATERT-. VERESR, 4F BB, AL oo, IRE (BF
Characterization of CHCHD2 variants linked to amyotrophic lateral sclerosis and Parkinson’ s
disease
55 65 [A] A AR ER MRS F 19T U7 A | T = T MRRTFAE AOCN2024  2024.5.29 3
s

OTIkuko Aiba
Supporting programs to prevent falls and fractures in elderly PD patients
i N—F Y RIS DA - BT
55 65 [A] H AR BRI RS H 19T P74 T =T MR AOCN2024  2024.5.30
R

OfIIZA, BEH B, KR 52, BSM1. BT, BARR, M E, RIRER. sk
e, AR
ROEIZE e B OF LT/ 8= 2 Y U9 6 Bl DGR RREt
55 65 [m] A APRIE A A R
FHAIET VT - AT =T MR AOCN2024  2024.5.30  HUR

OfBARIR, FEG 7. FEHOIE, /RS, MR, WRERS, gR=T=. PR, B
. BHALT
PR ZEMERR RIS F6 1T £ B A B 55 D RFIR AR
55 65 [m] A ARRIE A A R
19 \T T AT =T MR AOCN2024 2024, 5. 31 HUARC

OFEGARF. Ak th—. THER, S HEM, B SARFE— DREF] RAJIRRN 1A
TEFURTHS, MFER, e, J-VACHIEZ Lv—T
Clinical sign and course predicting background pathology in corticobasal syndrome
% 65 [Al H AR RN RS B 19 BT VT - 4B 7 = 7 iR F AOCN2024  2024.6. 1 3
R

OFFse—, BN LI, BHES, SR, PFEFRES . FURMES . SFILRIA, 578 &, P EN
T IREBMEZE. EAHIE BGAF. WEAMEE, OB, SRER, §AES. AL, &
FOEEk, B8 2, #HAUT JT, JaCALS
SOD1 3 fm 2 FUT K 2 i ZEMatERI SR LIE O B PR AU RF 1K
55 65 [A] A AP AN RS BB 19 BT U7 « A 7 = TR AOCN2024  2024.6. 1 3R
8

OELHRF
B LD iR NBHREORZ T 2 TR MRS
5520 [l A APHRE LRI T - SRB AR PINEREVIRS 2024.8.24 £

OffAREZ, ILHEFER], 251
Vya— v — - by —RRICRIT DA - BT IR
%5 35 [l H ACRIH MR 22 AR S 2024.9.6  BELK

OfNp x| BEGALT. AR, FILZRE], FREFENR, AREM, RSN, BE B, KR %,
74 R R T
UBEIZB T D/ —F% Y URBE OBZRRDUZ DN T
55 78 MIESLHPER A T2 2024, 1019 KR

-112 -



OFA 8. Nicolas Leventoux, )l F&, PR ERE /NESE A /IARES 23 JESR I & | Sopak Supakul .
[ ARFEA, Zhi Zhou, NNEREAEAN, JRJIEESR, BHAL . FE—. SHEN. SREM, =i
SN IR NAREES . ERAE 2
FOOF ALS/PDC 8387 A b A MZIESI1T 5 CHCHD2 BH# X h 2> KU 7 #g
o5 42 [ A AMRRIRR T2 FITES 2024.11.8 T3

OZEGH
RIEERT BT 2848 - o T v RevRx—T A b
%5 43 [ A AGREVE PR TFINE S 2024, 11. 22 @5

O#A 15, Leventoux Nicolas, /Il F&. HATERE, /B /IRERZS . JEETHE &, Supakul
Sopak, [MAEEE, Zhou Zhi, NIEEREAELML, JA)IFESE, EBEA . BBE—. ZHEN. BEE
B, wmEES N, I ZE T AR, M
CHCHD2-related mitochondrial abnormalities in astrocytes of Kii ALS/PDC patients
75 43 [A] B ARFBHVE PR FINES  2024. 11,22 @5

OMAEZ, HINEHT M gl H R, mmsk. 2=, B, Iz, &
IRF ., & E
EITVEIEG M RREIE 2 2 LT 2 SRl o %t bt
55 50 [A] B R AR i BEAR GG 2
5513 [8] B AR B R E - WUEHIGWE 2024, 12. 1 A

Oy ¥5, ARARBIAE, B HE—, ER =, S50, SHER, ARFEN, 2561
RAREITHEORARREZ 2 L, /MMICT I v A REEZFROTZ, M232R BEREMRME7 oA Y 7 o)L
[N = IR B ]

55 50 [a] B PR AR i BRAR GG 25
5 13 [Bl A AR R E - THERCAE 2024, 12,1 JR)S

OZEGH
iNPH & MEATHERZ MR BRI 0D BE I ~ 5 PR HORR R ~
%5 26 o] A ARIE R EKBUE 2P Es 2025.2.8  HUL

O "3 B
PRES (Posterior reversible encephalopathy syndrome) ZZJE L7-723. BEJEIRE,. U AEVIZ
TR AYEE CTRGE L 72 141
%5 255 Bl H AR ES BB S 2025.2.16 4 &R

OZEHZR, AR, /IRER, MBERE, FBRFERe, RIREF, FILZRE], #lvx, BE R,
e v, BT
FHH 7R BEIR I e > B R ER L ALS/FTD & 32MF L 7=, FTLD-TDP ¢ — {3
55 171 [l A AR A b et 7 2 2025.3.1 AR

OMAHEB-. I $#h, Tk &, A &R, /VJIE ., (LHEERE
JERASBA O 55 2> & 2 Wr S 7= il % o —

55 94 [RIRVEFE SRS ERF 784S 2023.9.16 &R A 7 U v KB

O HB-, MK &, A LR P, B

UBTHRRE % 1 HIV EYE & OF & 2 W S - Sl SRRSO 1 4]

55 142 [8] HARKERZ - FERSIEMEDUES B - B SO e s

55124 [0 H ARMEDL 4852 RO H T 2

HoTlal ARV LA K= R /PIEMEMERBFES P EEES 2023, 11,11 s



O H 5

BN Z CROFIRIEAIC LD THREZUETE 2N M. abscessus JED 1

55 143 [Bl A AR5 - FERE DTS e 7 A S

55 125 [B] B AR #R 7 B 7 2

%28 M AARY LI R—U R /REFEER B TSP 2024.6.8 4R
O=ifzHE, FIRE—. FJI . /NIE

TR w7 SGMIZ X DI Mycobacterium aviumiEDIFEWIENE & FEHBZMEORE (£ 1)
55 99 [B] H ARERZ « FEREEMEPIRHIE 72 PGS 2024.5. 31 KR

OFGER T, =W, fTRE— /DNIEZ, FI

7u A v 7 SGM & T2 Mycobacterium avium & M. intracellulare DIEFESZ D L (£ 0

2)

5599 [A] H ARKERZ « FERGEZMETUIIR A E 7 PG 2 2024.5. 31 KR
O H 5

UBRIZBIT 2T I B ¥ B N F B o> R B4 F 1 o #
5599 [A] H ARKERZ « FERGEZMEIIIR HIE 2 PGS 2024.6. 1 RiF
O H 5

NTM DIRA YT X 0 35 - T INH ik & HE S sz o 1 )

55 143 |81 H ARHERZ - FEREEZEMEDUIE BE 72 B SGH P

55 125 [B] H AP g2 B 7 25

528 M H AR Va3, F—3 R /REEEER B S PEHGHM S 2024.6.8 4R
O H 5

J%ﬁ%%@k&otLﬂ@% » 1

%5 255 [B] H ANFL R R 2025. 2. 16

O&1HE T

Jfags g EBE TR 2 B WIS R 5O T2 D DR 2

55 25 Ml B ABHERIETS 2023.10.1 4Ad=E
OHITH L+

TRk E & Xt g & Uiz E HERIER 2

55 25 Ml B ABHERIETS 2023.10.1 4 &=
ORI F+ 56 K

B HHEED 2 W TW F e D A v > o b T 7L & i3

55 26 [Bl H AR LVEE AR IR 7 2024. 8.4 Ak
OfF R

%ﬁ BT B 1R 2 MR ER R OMETEFT R,

m5@5$ﬂ%m%ﬂ££%%ﬂ%A% - PSS 2025.5.18 KRR

Ol A+

EAEMEERAER ICEVIRY 7T LT

55 23 [Bl H ARGRAVE 7 7P Kes 2023.6.18-10. 31 Web Bf#
ORI, B =1, THEEZ, Wi K—

B L e SoF R IR A of T IR C3EHE L C

55 38 [0 H ABRIREYL e - HilfES 2023.7.22 BRIk (A 7 U v REAE)

ﬁ

- 114 -



ONnggE T AR

UEEICBIT D F— L AT v T ADORY flA

o527 M A AFEE YR ES 2023.8.26  HUR
OH L8 %

RERE AL E I BE X9 5 R MBI T BAfke & BB R E 12T 1T 72 OLS F— A DOJFE
%25 Al H A BHFRIETS  2023.9.30 4=
OH L8 %

FAX Z FUN 72 KRB VAL 50 T O 1R B % 1B B A

25 [0 B AR EHERIESS  2023.10.1 4 EH=E
OhnpgEr B, E5A81

ZWFE T 7 7 U 2 RN K D E I N3 D SR RS 1R O gt

A AREEE B a5 10 FIFirsEs 2023.10.8  JLHD
OMEHE, BATEF

HE DS FEDN NI - FIRBRO N TR O KEFEHL LI O B D fH A4

% 77 BIENDREPER A ET S 2023.10. 20 JA
O#AR T, EE=ET. M &R

FHRHEEO XA IV 7HIEE L EEEBIE 2 F M L C L X TR & RHIRR

5 77 BIENDREPER A ET S 2023.10. 20 JR
OB T, AT, A &R

7 T AL —IREREOIEROFAG - HHIEZIED RS

5 7T BIENDREPER A ET S 2023.10. 20 R
O RS Hfd

AFRBEICR T DX 2 V7 74— LUV, L% B3 B2 x5 & LB O- O
5 77 BIENRBE R A ET S 2023.10.20 )RS
OARA A, KRBV 7 IR —Th, T BAR

IANEEMICRB T 208 - R RELDaI 2=y —2 g L OFHN

5 77 BIENRBE R A ET S 2023.10.20 )RS
Ohng o B, I\KET. R B, G, PSS

HA A TS T A R 5 72 D D EIRL REFURE DT AT DN T DEL
& 77 BIENRBE R A ET S 2023.10.20 )RS
O A+

BEEY R — b F— L DN ANE DR 5

8525 Bl HAZRENE Y 79Aa ke 2024.7.1-12.25  HIL (A 7 U » REIE)
ORI+

WHO FHEH AL UGE D 723D D % f HIHRIE ORI EE D 0 L~k B WHE & FHaf AT R~
55 39 [0l H ARBRBERGL 2 2024.7.27  JUAD
OFfEaA . IWAR—T), FEESEmHid

BRIEME Y A b 7 ¢ — B OIHMRIAGERKEEEANCB T 52D IC >N T~F7 T OEK
RO DRI~

5% 18 [MIENLRPER AR TS 2024.10.18 KBk
OWNSER, EARMAE, JIBELR, BT IF JINEESE, BERG T

ANIVATT e T — RBRRBREICRIETTREIZONT

5% 18 [MIENLRPER AR TS 2024.10.18 KBk

- 115 -



OH ¥ %
EEBI U B Y T — g VIR OBEEERIZBIT D2 A X v 7 BRRO RS
55 78 [ME NPT A R 2024.10. 18 KPR
O =1, AT, R 1. k&K
Clostridioides deffcile JEHYEX K ~DEY FLA & Z DRk
55 78 [ME NPT A R 2024.10. 18 KPR
OAR . BE=1. FREG1. AR &R, KEO & A, TEEL
15 E OB 2 A % v 7 E D fHA T
55 78 [ME NPT A R 2024.10. 18 KPR
OFf HH+
WA ERIFRPEC T 2 n Y o R o iE
5 48 [MIHMEALPEMRR T R » N U — 7 iF5EE 2024.12.13  Web BAfE
OFJIRET, O, SBE., M AH
HIRT = v 7 2360 LT B B SL FLIE L OBLY FLAIZ DN T
% 77 BIENDREPER A ET S 2023.10. 20 JA
OMNEEREE . EMEE . A, b A, KALLRER, HEOFR, WTRET, B AT
BIU = o —E R EFEI T OE D AT IS T D BRAR A & BRARE A _E O Y KA
% 7T BIENDREPER A ET S 2023.10. 21 JRE
OFBEEA, aAR ., TR DDA, WHOFR, W AR, KK
Ytz =1~ F L EL/Y N FELOATTE) A
% 7T BIENDREPER A ET S 2023.10. 20 JRE
OHtH ¥, AR FE, WO, w AH
T X T RN BRI N R O SRl O£
F330m HARERIE P RFa 2023.11.3 A
O FhZE, Tt I, M K, (L HERE
FERZIRIEIZ 33T D fl ik [ 1 Hodlig 2 2 F 7= SRS o A5 % O FFA
5599 [0 H AKERZ « FERGEZMEIUIIR A E 2 P IGE 2 2024.5. 31 KlR
O oA, F EEE, A &K Il 40, (LHERE
FEEZ TR TR D FIBZ T3 2 URAEFRIE O BLK
5599 [a] H AKERZ « FERGEZMEPIIR HIE = FINGE S 2024.6. 1 RilF
OHH v
rua 7y Y AR QT IER ORIWEHFEEL & OFHPTEE DO BIRIEIZ DWW T
A 6 R AL E N PR AIR S AFSE - B MAE RS 2025. 2. 22 Web BAfE
OF E -+
WMERIZIBIT AR A LR K%« ARA LY RoSEGE R T AR D H Y (72
55 78 [RIENLRPIH R A e 2024, 10. 19 KR
OF8 =
PLWH (People Living With HIV) & BEVENEE —SKFIAENE 2 D WS BE & 1RIF 8-
5 34 M H ARERIEFaFES 2024.11.3 T3
OMtH ¥, AR FE, B =, AT
rua 7y Y AR QT IER ORIWEHFEEL & OFHPTEEOBIRIEIZ DWW T
%34 Bl HARERE Y SFS 2024.11.3 T

-116 -



ONaomi Matsuda
A two—week rehabilitation improves balance function in inpatients with Progressive
Supranuclear Palsy: Pre-Post study
Neuro2024: The PSP and CBD International Research Symposium 2024.10.24-25 Canada
O AR, fAHEZE, ZHART-
IR=F 2V PRBEINCBIT DX T LT L EREISEE L o B
5 64 [A] B ARPRRE AN RS 2023.6.3 T4
OfRHEE, "7, 51
FTVERE VR R 3 D IEERIE TN T o ARE R L O TR ENE 2 E w5
o5 64 [A] 0 ARPRRE 2NN RE 2023.6.3 T4
O, BAE, IRFER, BARR, JURG . TmRER. M 52 SR=T=. By
AN 2 il
EFEIZ T re—emergent tremor & % L7=/N—F% 2 R
7524 M A ARSEEIER 742 2023.6.23  BhE
O/NHRZEE, B, FRHUE. AR, Pl . FRES, P & SIR=TF¢
R BHALT
WA DI 72 b T DM BNA RN T & o T2 BRFBEVERR ZEMIED 1 1
524 M A ARSEEIER 742 2023.6.24  BhE
OFFHIR, BHREE, IR, BARR, GHURE 1. TRER. P 52 gR=T-
Hede, EIGHRT
B CH U7z re—emergent tremor & 5% L72/3—F 2V R p
5 68 [l HAREFSREEY R 2023.10.5 [l
O/NHRZEE, HAHRRME, FEHUE. AR, DRl . TRES, P & SIR=TF¢
R, BT
W DFHIZ 7 7" 2 b T LFT A %D T & o To B BEVERR ZEMIED 1 51
55 68 [l HARFEFSREEY R 2023.10.6 i1l
Oy B PEHSLIR, /IR, S, TRk, Z5A01
Cluttering #R¥ehE%4 2 L7Z3RAED 1 )
5 77 RIENDRBGR A ET S 2023.10.20 TR
OPHEL, /NEEARSS, AR (RN, R 52
HE O TR 2 2 U 72 I FERRAE BE (2R 2 L300Go o fiff F LR
55 77 BIENDRBER A RS 2023.10.20 K&
OF% Mg
I SRIMIE L 0 HE O S B ERAE & 70 o 72 B IR OBEFL B B AR TR 2 1t
FREOHEFER Y U — 7 iR 2024.3.8
O HE S
EATHERE BB R (2 d 1T 2 (R AT Ordr IR R L LR BIBE L & B4 %
%5 65 [A] H APPRE P A R =
FA9WIT VT - AT =T AR AOCN2024 2024 5,31 HUART
ORH —&H., PR, MIHES, MR, PEE— TR
Foix—Chavany-Marie JEMEHEIZ K 0 HEGH - izepls dol & Lo BN M IRE L2 2 L7 —fl
F 30 M AARBREER U B T — g UEREIES 2024.8.31 1@

W

$§
=
=S

W
5
L

W
F
i
=

- 117 -



OREHTE, PRI, IR, AR, Gk, VWRES, P 55 8R=T
M, ZEAR T

A IZ T re—emergent tremor Z S L7-/X—F YV 9FD 1 #

55 78 [ME NPT A R 2024.10. 19 KPR
Ol e, PG, BOFASE, /MRS, EEE—, ZEikmik 1
FERTEASERZEIZ 1 0 FEFMG ML ISGE D SIS B BAT L. 1 f

55 78 [ME NPT A R 2024.10. 19 KPR
ORGEF, PEHIR, /IMRERE, PEE— BARR

XTI« NU—JEGEREHIC KL VBETEEL 2L, RERBEO O EAERERETE-7 1 4
55 78 [ME NPT A R 2024.10. 19 KPR
O HEE, @RRIT, ZBHALT

WETTVERE VRO B3 D HABIAE L |2 B 5 2 JE S AE

AAHAE T PP 11 B sEs 2024, 11,24 A
ORH —&., FFHIE. IMRER, PEE— TR s
Foix—Chavany-Marie SEMEREIC L 0 B EEME T2 2 L7z 2 4

9548 [A] 0 ARHE T ERASR a7 b NSRS 2025.2.22 fhF
OFIARKEEF, AKHEY T

KRB E A 7 B E O RF KRR E & B 2 K F DfEt

%5 38 [A] H AREGR B F R FINES 2023.5.10 f7 (NNA 7 U » FEEE)
O/NEFHEY:, AL LD, B¥FIEE

BT N—T DRFEEHDOEIZDONT

5 77 BIENRBE R A ET S 2023.10.20 )RS
OFFFEL LD, @AY, AIET-, /NEFHEY, S8 EE, & BE, WIHnET
KBRE AL ERE T D GLIM B L HRIRFRE & aRETRF ADL 0 B

5 77 BIENRBE R A ET S 2023.10.20 )RS
O/NEFHEYE, @A, A X Lo, HEKEJE, miid, Bl EE, Pl
TZEFITI T D GLIM ALV FR & AR H R oo B

7 78 MIENRBE R A ET e 2024.10. 19 Kk
OFFE Lo, [HHEES, /NEFHEEY, G)IET, BEFEE

LST % H W 72 BB & S~ & A B A S IINC X 2 kErE o e

% 18 MIENLHRPER A IE S 2024.10.19 KBk

OF Hiz, HHASER, BASESE, EBEHE. (WTFRV ke, Ry, Eoir

AN FTRIRFE ~O H RIEB) R & ZHAE T3 L <
5 77 HENCRPGR A RS 2023.10.21 RS
OF Hix, MEEn R~ KR %

UBEIC 31T 2 ST B 2 AHE O AT

5 77 HENCRPGR A RS 2023.10.21 RS
O3 ) 11H& -

{E5C NHF Z et L 72 iR IOV TRV 1K D
5% 18 MIENLRPER A IE TS 2024.10.19 KBk
OFRBFIR, FRBC-, EESF N, SRREGERR, AR, HI Gk
F o — & —HPE A DR HRE

5 7T BESRPER AR TS 2023.10.21 RS

1|

-118 -

W



OMNAREA-, AKREPHEML, EJNRRSE, M RERT, B E A, M 52

fhZAAE D BRI FE & 2 LT A~ DO ARG 25 CHE 0 A OV T~
5577 BIENDRPGR A ET S 2023.10. 21 JRE

OJIFRZE, /KEFAEM  HE Bk, PRS-, B E R, M =

U— NEEH U

5577 BIENGREPGR A ET S 2023.10. 21 JRS

OHFEA, KHEE, REFIEH, LREGERS, JIEAR, F)115K

BRS8N BT 2 AEIE B X ORI O I 2\ T

55 78 BIENLFHEPLR A E T 2024, 10. 19 KR

O/KEF Yt VE)IRRSE, M kR, PRS-, B E R, s =&

BBV EERIE AR ORI SE R X T 2 KB REO LB L & 2 DOBLIR, *fik

% 78 [BIENLFEPER A E T2 2024, 10. 19 KBk

Offie I KERR . ZKEFAEM . V&) IR, PARger-, B E R, A =
YEBVEZERIEFRLE | FEOEBZBIT 2IRBNE DX TAAL & BRI T 725D FLA
% 78 [FIENLFEPER A E T2 2024, 10. 19 KBk

[627% - /&)

OREH =

Parkinson 7 D F LG

TN b AR RE R B R AETE R MR R R - RO L\ 2023.6.9 AR
OZEGH

L] - BP0 a5 —AETIAIRRNTZDIT—

A XGRS 2023.6.10 4R

ORfi 52

R R R

AT BRTPIETE lfaen ARG 2023.6.19 4 HE

OZEGH

SBMA F8F DR « BT OV T

SBMA D% T =7 I — 2023.6.24  Web BH{E

OfEARSR

PRRREE DI EE - TR - 77

T 5 AR AR E B AR R 2023.7.29  Web PHfg

O &

IN=F Y RO EIRBAETEDRA B

TN 5 AR S ORI RR R B - FIEEE B 1R) 2023.8.30 HFE
OfEARSR

PR EETR DRI DU T

AN 5 AL PR R PT S E R RS B ARSI i b EHE = 2023.9.1 M
OZEGH

IN—=F Y IRBIRIC BT DHRE B O EEM: & P CORY (A

U B — S~ TV X 28— 2% 0 L XREI P~  2023.9.15  Web BR/fE

- 119 -



OfFAR RS
PRREER IC SO\ T~ E T o HU v/~
RN 5 AR AR AR RCR B AR - FIREE 2023.9.29 M
OZEGH
PR—=F YV IRB L OBEERBOEGRE T E U T—2 g9
R=F UV AR I N TF—2 g3 F— 2023.10.3  Live fiddE
Off)Ip =
PR SN ~ FERRE AR &R R TR IS OV T~
RS AR IR R AETE A R E MRREER IR - FEIRO O E vy 2023.10.6 WS
OZEGH
AT EYERRELOZW - U B Y - BETF5
AR5 AR (55 43 [B]) #EpiEE < 2023.10.256 A4 dE
OZEGH
L —/ MEIR IS 3 1T 2 B T B ~ 5B 5 0 & S S BARR Ze kbR &1 2 ~
%17 [l EE R EN RS 2023. 11,7 Web BRE
OZEGH
N=F 2V IRICBIT DV e T — g > LE TR O 2 Y Ri%
IS 25 2 54> 2023.12.8  Web EiME
OREH =
JEYLREIZ DT
RN 5 AR L B IR AR TEFE R S AR RS - RO B 2023.12.8 4 FE
ORI p =
YBRIZIRIT D3 —F Y UIRBE OIEMIRIR DBURIZOWT (T4 2 v ¥ —
Parkinson’ s Disease Conference in 4 W/E 2023.12.11  Web Bifé
OZEGH
PR—= 2 IRDEE B TR D720 ) AE Y T — g v L3 2 ~ A RIEBEOE D A~
PR (N—F Y R) CERAE B X D4 2023.12.13  Web BAE
OZEGH
IN—=F Y ARICEBT DRE TR~ T L BV Mo H O 3w~
PR Y IR Web IR ~BE SADOED IR WZEFRE2E 2 D~ 2024.2. 1
Web BA{¢
OFf =S
WHUEA B o 72 & ZITERE DR T &2 L
BN 5 RS R IX SRR E S 2024.2.8 4R
OZEGH
AP OURfE - #5785 TP~ ZMfE T8 L < I fde 2 V5~
HOERPE A 4 FERREE 7 7 - RIRLAHES  2024.2.20 4R
OZEGH
ONENZRT B CBD » CBS DK & 2K
%3208 (05 AERE) HAMBRESTEXAEESEREHS 2024.3.3 KK

-120 -



OEEGAL+
PR—= 2 IRICBT DB FEEDO U AN Y T =3 g v~ AN 100 RIS B 72 Fnik & B~
Parkinson’ s Disease Expert Meeting~3#zZ 100 fERFGICRO SN ATEESIT?2 ~ 2024.4.7
HUR
OfEARRR
FREER I DWW T~ LR R o E HU iz~
BN 6 A e B R AT MR R - RO L 2024.6. 14 A dE
OEEGAL 1
T KT —7 )L session (Q&A)
WO RAVE - EBEIEENES 2024.7.5 AHE
OfEARRR
TEEER e 1
T 6 FEAMEEREEEMBERE 2024.7.27 4 FE
OEGAL+
IN—=F Y ARICEBT HEE - BT~ 2T e —F ~
&AL E TR RS 2024.7.30 AT U > M
OfEAR RS
B IUEMSEIC DWW T~ EFRoX H U~
AN 6 A ARG MR EER AR - FREE 2024.8.30 FH
OEGAL+
ORENZ T D KIMEE B MIE DI L 7 7 ~Q&A
5 3[R He TR 2 X 2 A in R 2024.9.4  Web BH/e
OfEAR RS
PR SRR O Bl & IR AR AETE O LR
BN 6 A EEAH AU OR AT MR CR BB - FIEEE (BE 1F) 2024.9.20 A
OZEGH
R BB T )9 D MR B ~ 4 T EIRBE BT B 22 AER D HL Y A & EAL~
6 FEEFRLAMEE GRRPT) 2024.9.21 4R
OZEGH
PRI BB T DHAE T BH O 2 siZ ~ 5B T T — A TRO LA ERTOKEE 1L ? ~
MRIEBD N—Z VT T 2F 2 54 infgmh 2024, 11. 18 Web BlfE
@) 57 NEEPS
W4 HRIRBEC I D AGRBEREOEE 2 s & U 7= BEis R i2
BN 6 L R IX R R USSR R v U — 7 5% 2025.1.24 AR
OZEGH
2R IEREIE » T & ARIFR
% R EME R AR S 2025, 1.25 &M
OZEGH
NR—=F Y RIS DIRE TR O 2B~ S TR L ZHO R AE | ~
FBoRNN—F YV IFOEYEILELE VNN T —va v EBEZDHE 2025.1.29  Web B
ORI p =
PR B - FIRDOD &
BFN 6 AL R B R AT MR EER RS - RO S 2025.2. 18 A HE

-121 -



OZEGH

PRI BB S A BT D8 TR D 2V af ~KBRFEANEL Y fHTe BARAI 2 xR & 13 2 ~
FINREERAEAR S E R Y MU — 27 FFE 56 TR 2 B MR EEmRHE S 2025.2.29 FJI|
OfEARRR

SR & AR AR - ARRREEN O BRIRIZ DU\ T

A6 FEERRMETEEIME  2025.3.7 A HE
OfEARRR

L o e T v — & A0 E IR RE A

AD A #E 2 H4 2025.3.11  Web B
OfEARRR

FHFRAIEZREEIZ DWW T~ A HEFRFETO L7 B8 AR ZH E 2 T~
Alzheimer’ s Disease Network Conference in #EX 2025.3.13 A EH=E
OHJIl

FEFERZ MR EIED~ R A N M avium / M, intracellulare it & M, kansasii JiE
55 63 [A] B RN gR P RS 2023.4.29  HUK
OHJIl

VAR i MAC 92 0D 15 B IS

%5 97 [B] H RJRYYE SRS « FIHHS

55 71 B B A ERE T a iR e ARE 2023.4.30 Rk
OHJIl

Jifti NTM JEJH 4 D Update~F4x FLAE 2023 EET 2 HLI(Z

55 08 [0] H AHERZ « FERSEZMEUIR A E 2 Pl 2023.6. 10 U
OHJIl

#F& PR EIE & 32 MR

55 98 [Al A ARfEE% - FIERIZ IR e 7 IS 2023.6. 11 U

O &K

MR SREEIR 81T 5 7 A~ UL ABEDOB E H 1

FERgRmEL 7 L IRl aGiiEe  In B 2023.7.6 4HE
OHJIl

W FERGRZ M PTIR A D 2R D FEAR

Respiratory Specialist Lecture in B4 E  2023.7.19 Web BAfE
OHJIl 1

WEIEFERE IR EIE D~ X A v F~F LWER R E 5 F 2 T~

o2 MIFEIRERR R 2 ) — in =i 2023.7.26 EAE (A 7V v REIE)
OHJIl 1

NTM JiE D 2 9%

T b AR BB R ERM A E T OUME THREEZ - IEREBMETIREIE - EEIE—NHO O/ 7T s

ZHHHME]  2023.9.15  Web BR/E
OHJIl 1

i E DORERE 2

WP gRR B N — 2 v T 2 —  2023.10.27 EAF (A 7V v FEIE)

-122 -



ORIl
Bl DAL IR
o5 142 [B] A AHERL « FEREEZMEDUIE (E 72 A SR
% 124 [ H ﬁﬂ?%ﬁ%&?@ﬁ{ﬂﬂﬁﬁ"
52T RIHAY V3o R—U R /RESEEMEE B SPEIGHa 2023, 11. 12 &
O &K
FERMERT MACEICX 957 4 Ay vra v
B NTM JiE ExpertDiscussion 2024.3.8 4=
OHJIl $h
FERERE MR EE 2RO F5 & 2023 k7T MAC JE
55 64 [B] H ARFERZR 7 IR GHE 2024, 4.7 Ak
OHJIl
i FEREAZ PR BRE D TR EF
55 99 [Bl A AR5 - IEREZEDIIR e 2 IS 2024.5.31 Rk
OHJIl 1
Nt FEAE AL M TR BEE D F2 W & TR O B BTk
5599 [a] H AREEZ « FERERZ @a#ﬁ&i{“ RPN S 2024.5. 31 RKlR
O &K
(& P MG 2 5 B E OD VR RIS ~ i NTM JE & 051l & 3 &b T~
7 Ll 85E5E | AR AHEES in BifE 2024.6.21 4 5=
OHJIl
Jifti NTM JEGRIE |2 %3 2 19 O I RiT#R
55 98 [1] H A BYLIE - PN T
%72 [0 A AR SRS 2024.6.28
OHJIl 1
iNIMIEDBIED T T 7T 4 A~ZAiebEEITH~
PEER R BARGE S 2024. 7. 11
O &K
TR L CW DI NTME, K& IERIEZ A ) ~F5 < BT THL L ~ 5 13
#12 | AR T =7 2024 2024.9.23 4R
O &KX
Jli PR EE & ili 7 A~V )L A FEZIR DO FE AR E
5% 68 [MEERE FaMa « FifitEs 2024.11.9  JTHD
O &K
HEVEYENT MACIEIC R 2T 4 A v ra v
BV NTM JiE ExpertDiscussion 2024.11.15 4=
OHJIl 1
RGN B BEE D TR
55 4 [FIEEED O 7T O FEE - PLUBBEIE - EEAEE I — 2024.12.14  Web BAff
O &KX
&P R AR 42 D JERRE Nl ~ 2 M PSS | 3B QOL 2\ &5 ! 2~
A RIX LR FEEEAME S 2025.1. 15 A4 HRE

AN
Ay

“Fl

-123 -



OFII #h

MAC D E)j[A]
%5 36 0] H AR FRRE - FINES 2025.1.26 AR
OFJII #

fEt% « NIMJES] 2 55 2 5 Pl GYEZ O DO & DON' T

552 [mlHET U 7 EYYENFSEE (ATDITA)  2025. 2. 24
O &K

e i% D FBE NGk & 520 O FEFR~FERM I AR Z > Tnd | 2~
4 iy R TR B S GRS AHE = 2025. 3. 17 Web Bif#
ORIl

Jiti MAC iE DRI D BLIK & 3R

Jifi MAC SEHBIBGRE T 2 in HUHEB  2025.3.22  HLHB
O L s 1

PURE BEE D ANEHER — I IEREAZMEHIRR B E |2 %3 2 ZMEHEHE Up To Date
% 98 [A] A AAERE - FEREREIEPTIR B IE 2 2GS 2023.6. 11 B
O L s 1

Jifi NTM JiE SVEHRIR O BLIR & R

BfF NIM JiE ExpertDiscussion 2024.3.8 4=
O R &1

A T A AR A

HEEERRE S 2023.7.22 4R
O R &1

Wi 4 7 P — s —

FUJIFILM MEDICAL SEMINAR 2023 —Z kL > R 77 LA 2023.9.23 HuL (NA 7V v
NEEL)
O R &1

VT T T LD ARE 20 FEIC K DI AR &3 RIS A DZAL & LIk —
ZRRRRIE S RIS - BB S 2023.10.7 4 E
O R &1

N ORSEE O S —i % « BIEN DARK~—

55 33 Bl H AR Z T2 FRe 2023, 11,24 &
OB T

B 7 P — R —

BiRlms L b7 LA 2024.9.21 0 A (O0NA TV MEIE)
OB T

FEH 0 B IEHHERE~ NPO JE AN D 20 FFDIERE & Z b

55 34 B H AR 2 T2 Fiee 2024, 11.29 &l
OB T

A IR AR R

ZHRILN AR R EEAFEE N #EE S 2025.1.22 AHE
O =1

B DOFRRE SF—~ T T T 4

H ARSI RS S E#E  e-learning IN5k 2025.1.27 4 HE

- 124 -



OAHH R

R R FR D S4B RO TR

fE R TRRMERRA ) FRIRE BEEEES 2023.07 @5
Of

Hw O NOFEH#

ZMRE#NS IMEEREEMGEY S 2023.8.31 4 HE
OFHZ+

TEEER A 1

TMEEEN S FINGEHEREGEEMBERE 2023.9.22 4 HE
O?%ET’ZNSES

ACP \ZB1T 2 F 5 D&)A~ [E IR ek O L3570 6 ~
%%Eﬁﬁ%&xT—ya/ 2023.10.13 & HE

OFf HB+

PR B 7

TMLEEN S FINEEREGEHMBERE 2024.8.3 4HE
Of vn

SR ES R RO N DO E#E
THREENS N EEBRESRNKEES 2024.10.2 4 HE
Offe 2 KTET
WHERE FBAEMEIZ DN T
ZHMRE#EDS TEMOMRGEE  2025.1. 14 RER
O A
BesML BT AR 7 1 R a iz onT
A GO S SEAIRT S HE 2 2023.8.24 44 R
O A
BesML BT AR 7 1 R a iz onT
2 R IX RIS FHE S 2023.9.28 44 =
OF=Y NS
i LR A2 DN T
wgdbkE 7 v —7 F— AEBRHEEO - O OBHME (M)  2023.10. 31 WebBH e
Oniifl K
P AR AT B RE A
Wbk 7 v —7 ERIRRATLRENHE 2024, 1. 20
O HET
FIRA T B RIE R
Wbk 7 v —7 ERIRRATRENHE 2024, 1. 20
O &ET
BAffi= o — SR (FE. Fu. K. B, 2BEREHED
Academy of Imaging [HEim=o—"7U—2 3 3 v~ Beginnercouse 2024.11.9-10 FHiL
O
H AR ED TR
AN 5 AR B IR AR TEFE R S AR R - SRS B 2023.09.20 4R

-125 -



Ofx HE %

R—=F 2 PR L OREER B ISR B RE TR0 ) e T—T g v
IR % v b U — 7 iF%ES 2023.6. 16
O HIAE SR

IN—=F Y IREB L OBEREEICB T AEERME S VB T—v g v

BARIE L AL E A S A AHE 2023, 7. 12
O B

A ATEEED TR

Aﬁ6$f%ﬁ$%cﬁéﬁm REE FREHEY FEAEZDFES 2024.11.25 4R
ORI T

E%%@%W@E RE TR

AN 6 R LR BT IR AR TEFE R S AR RS - HIROD B 2024.10.11 AR
O iEEE—

RAPIAT I DR T ZHZ 9 !

A ETREE Y — U AFERE L EREE BAVE TEEE  2025.1.8 4R
OFH &

B AR LR Y N Y T —2 g v

R EAA T S A EEHE S 2025, 1. 15 4 &R
O/, Si)ll= 1

% R FEMAIE DU T & % DX R

SHIKLEMS 2 RmEMEREHERS 2025 1. 25
O izEE—

BRDEXZDBNITZ~U ALY « O REEZT—LTEZD~
FHIREMS B - e THEEBICETAHMES  2025.1.26 4=
OFJIER

WAERFEECOaI 2= —v a U ZXEFERT

ZHRICTYAR— M2 —R% - (KR 2025.3.12 42
O/NEf H {E -

DM OREBEEIZOWT

UANEY T — g URHHE (BPES])  2024.8.23  Web BE{#
OHJII 3k

ENLRPEETHE O THEE.OHEFRE - fRREDH - i A hue 7 0 —] [ZOWTHER, ([ED
T, BEOHE, S %O EA

55 77 BIENRPEGR AR 2023.10. 20 A
OHJII 3k

HE L e, fHRk. ERRICOWT

WA A L - (EERIE T ek 2024.3.20 iR
OHJII 3k

HE DB OHRENS

5% 18 MIENLRPER A IE TS 2024.10.19 KBk
OHJII 3k

FRRSEEIEE L 22 HBICOWVWT BHEHI ) X2 T L EFEORDN - =— X&HE 2T
ESLRGEEE T v—7 UE U T— g VEIMEEICEE T AHFHE 2024, 11.8  Web BR{E

-126 -



Ol Fk
iss. MHEEICONT
RECRE R - (PR ELER T SES 2024.12.7 4 HE

[&F - ER]

ORfH 2
55 64 ] H AR PPl Re 2023.5.31 T3
—IHER A —t v g v R
OZEGH
55166 [A] H ARt s a5 2 2023.7.29 4R
v ay B2 FEE
OZEGH
A AHAE T P75 10 [ fisE< 2023.10.8  UH#D
AR —REI -1 BBMEOHEALGEE TR EBE 25 R
OHH I
ARy ZINORERT oY ey b GRS in B 2023.10.10 Web fifF JER
OZEGH
AR5 AR (55 43 [B]) #ERaEE < 2023.10.256 4AdE
AR 1 PEREEORREMI &L R
OZEGH
Wl RRE - EEIEEANIES 2024.7.56 AR
OZEGH
55 42 o] A AR PR IR S 2024.11.8 T3
VURT T L REBEMEIEOBIE L KK EE
OZEGH
55 42 o] A ARMRIRIR PR IR S 2024.11.8 T3
AT L HIVAR T« UNEYF— g1 JEE
OZEGH
HARERE PR P8 11 BIEfiTsEss 2024, 11,24 128
— O EBEIC T AERE TR~ OB A EER
OZEGH
STROKE2025  2025.3.7 KBk
—R O EG2ZE oMMl EE
OZEGH
AD BRAE# 254 2025.3.11 Web BlfE
FERIGEIE LB EIHEI YR TCOMEARBRARE X T EE
(O Tkuko Aiba
Asian and Oceanian Parkinson’ s Disease and Movement Disorders Congress  2025.3.22 Tokyo

Parkinson-Plus Syndromes Chair

-127 -



oIl #i

556 [0] H AR g8 P PGS 2023, 4. 28 BT
RAH—5FK 8 MiNIMAE FRR JEE
O/NINE

55 98 [B] H AfERZ « FEREZMETIREIE 7 PR e  2023.6. 10 B
FERIEEE 1 WEMERIRBEII~ 7 v 7 7 — VN T <, RMERICES LT 2 JBERE
O/NINE

55 98 [B] H AR « FERGEZMETIR EIE 7 PR e 2023.6. 10 B
BEHEE A PR EE & B M7 A~V L AE L OE  JERE
O &K

55 98 [B] H AHERZ « FEREEZMETIR EIE 7 PR E 2023.6. 10 B
SHOIHEE 4 EEIEO BN L IRIR R
O/NIE

By NTM JiE ExpertDiscussion 2024.3.8 4=

FeRllell  JER
O &K

%5 99 [B] A RS - IERSRMEPTIR A IE 2 NGRS 2024.5.31 R
—i%EE 14 OB ERE
O/NIE

%5 99 [0 H ARHFERZ « FIERSEZIEDIIR BE 2 Pl S 2024.6. 1 Flf
HEHE 13 T ALV RE B EIBED tips JERE
OHJIl

% 78 MIENRBE R A ET S 2024.10. 19 Kk

AR A0 PRIRERIRAR 2 JER
O/NIE

BV NTM JiE ExpertDiscussion 2024.11.15 4 W=

BRRllEhi i NIMAE 4 BICBIT D4 RHERD ERE  JEE
O L1 H Bk

5599 [a] H AKERZ « FERGEZMEPIIR HIE = FINGE S 2024.6. 1 RilF
—MGHE 21 SVEHERE - TVR R
O FEWASE it

5 77 BENRPGR A RS 2023.10.20 RS

RAH—32 ZTOLTHR4I6 JEE
O A

H AR RAIRI SR 7 v v 7« H AR PSR SGHR AR 2023, 11,12 4=
—fXEBE T e 7T A YL - s (PK/PD 2 ET) R

O iEEE—

%18 [ IRSREMT LR S - FINES 2024.6.30 4=
VURT TN B BRBEEEZD —EHMOSTEEIBCHN R

- 128 -



[REF]

OHfEafd o IAR—T), FE#E3E

HI8EIE IR S E 2 2024.10. 18 KPR

ARENE Y R b a7 ¢ —BHE OIFREAGEHLSEIEENCBIT 28D 0 IO\ T~F 7 O EK
R D HEFIFTE~

N2 MRAE—H

OWMNER, EAMAE, IBER, BT 2F, JINEESE, BEEE T
HI8EIE IR S E 2 2024.10. 18 KPR

ANIVARTT o T — RINEREICRIE T I ONT

R RRAZ—E

ORGEF, PEHIR, /IMRERE, PEE— BARS

FT8EIE NP A E e 2024.10. 18 KPR

X7« NU—EBEREC L VENEELZ 2 L, RERE O BEEEIE TE - 7214
NRA N ETEE

O/NEFHEYE, @A, AL Lo, EKEJE, miAd, Bl EE, Pl
FT8EIE NP A R 2024.10.19 KPR

T EZ B 31T D GLIMELME(R S48 & ABE [ o> B

NRA MRAZ—E

[Zit]

OEGAR
fdtpE  EREIRIREN Y TR A2 ATEREREECI TV TY A7 3 HEA
FEEHRE 14 2024. 11. 26

-129 -



s

A\

T

L)

-130 -



[th R BAz8EE]

REt3F+—-2023 04 XantHR~BEEFZEEL T~ 2023.10.4 &HHE
OB
e 7a e« FREME & S <UL ?

O/NEF HAE
fEERFDIZODEFLIL?
O+
@O #TEL XD, ERYHSH
O#nAR+

@ B9 LOP TORBEAIR~FIHENIRUIR ST L EDTDITEZLTES T L~

KAt F+—2024~BEFGREZEEZES ! ~ 2024.10.29 BAHE

OFJII #A
TR LT 2 il NTMUE & 5B SCPRIR
O &K

Y DE AR5 ! MENREEEIF-IEBRE 2 k0 > TREFEC

SR ERTRARBE (RELERMK - A5EEREY 2 — - REERBR)
OFf RJEFE

7T & FHET b B OE DR FE
HIRTAIRKL R 2B A7 EZ2DO TR 2024.7.13 4=

CHZIZERS

CPC HBERRERH=

OfEARS, Al 5F

PR CHRIE U RATENS BN o 723 =3 0 Y UIEERED —fB 2023, 12. 19

OFF B, = IR9L8

WA, AARMERARZE D =% Y LR E W SRR 4 L T2 B TER] 2024. 3.5
OFEREIFENG, k55

60 7% TRl EIFSREREE | CHIE L7238 sME CJD o —f1  2024. 4. 23

OZEGH A, ok 35

JibAFEFE 2 A OF L 7= PSP-PGF & —#11if5l  2024. 6. 25

OZEWH &R}, Sl 5

HATREE, WHEEREE, B 5 G MSA-C Z5eb -3, BB ICiZEm. IR T 2R
ALS B k700 | 2 AR CHEESIRBICE 7o —f]  2024.12.9

CHzE )

IR WEFEE~EHETRRICTIT=HIZ~ 2023.8.23
OfepIEmte
MRfE) -T2

-131 -



O m A%, HiLHESE, ERJ)IER, BAaER, miRAER, HEERAT

RN 0IIZ E D LEZHWnnd 2 ~fiziE7Rn, IRATHRFICELRWS v X% flio T~
2023. 8. 23
OFcA, IERFER, MBEFER, EHRER, MR T

LT ECANAY YO AN =)
O/NBf HiE

VYA X e el SU AV

BTV EEFBE~HETRERLRICTITHIZ~ 2024.8.28
OZEH %}

[#5f8 ] > T?8
OHHVWE 7. gofrEZ, B)IHH, JH RE. BT, BB =

R0 72DI21T E D L b0 2 ~ERiE7R0, IsA THRFICESRNT v X% flio T~
ORBFHFER., REEKF, gaRGER., dFFRAF

LRECANAYSE YO A )|
O/NBy HiE

ENRBEHRELEREXTCHNND?

ARHERmAS

OfEARSR

BB « MR —a—a T — (F7 b —) HiEMERIRE(RE 2023, 6. 27
Offe R I

TR NIREME - 2R MEMIE  2023.7.4

OF5 B k1

suaAY7 )b Ny a7 2023.7.4

ORI p =

R/ S—F U9 OVFEAMEL E—/MEJE 2023, 7. 11
OZEGH

HETHERZ EVERREL - KAMECE RS PEE 2023, 7. 11

OAb RS, BB D i, SEARE R SRR T

T TCEDLIUNEY T — g U~ - B35 - jE fh~ 2023.7.18
OF Lz ]

PR OWE T REE 2023, 7. 25

O#f e, AbArARE

BHENBIO =Y 2023.7.25

O &
B/ X—F oV P - OVFAMEL E—/MERE 2024, 7.2
OZEGH
HEATHERZ MR - RINECE LR A MEIE 2024, 7. 2
@ ZNEPN

PR « FEGFEE — 2 —mXF— (X7 0\ —) MR bAE  2024.7.9
O iU+
TN EMIE « 2 RMFEMIE 2024, 7. 16

-132 -



OFf RJEAE

suaAY 7 )b N a7 2024.7. 16
OWARER, o, JIEER, & /N7

PR TTEDLIUNEY T —a U~ - B8 - EHl~ 2024.7.23
O hiZ ]

PR EER OME N EE 2024, 7. 30

O Wi, ESBKEF

BHEMN O 2024.7. 30

RAHEY A EYAMERR
OBz

HERAE OFRREE 2024.9. 19
OfAHEZ

A o= —a Y VO 2025.1.23 ATV v NBE
OFJIER
I 2=l Y VRS BRGNS 2025.1.23 A 7Y v NP

ERTEEHE

OB, ERZ e

INT A A MIHE 2023, 10. 6-31

OEREREHE

REEr T TWERAMN? ZL—Y — 2R L L9
FEREBGIEAHE 2023 10. 30-11. 13

OEBELLEHE

UBERE D > T REKEROXISE MY T —Y
SKERFIFE 2024, 2. 29-3. 19

OB HE

SR A A DI B R OSSR T IEIZ DN T
R A WEB HHME  2025. 2. 12-3. 15
OERELLEHE

DHERZ M2 50 Hfflik-S5< V2026, 1.31-2. 21
DEPZEMEEO D7D 2025.2.22-3. 17

PR KHER

ORRYLxt R =

ICT : FHEEAEIT DOV T ME AR B 35 i D TR

AST @ BEHIMHHEX SR T 7 S a v 75 N HONW T/ MREEFRIZ DWW T 2023. 5. 29-6. 2
OF E -+

AR T 7 v a7 T

AST WHEZ  2023.5

OYext R =

ICT : FHefatn XA 2 7/ Ffef/EFHOMER

AST : HUHH HE EAE IS DWW T 2023, 12. 4-8

-133 -



Ol %
U HomE E A~ A~
AST IHEZ  2023. 12
R R =
WE%%%@%&@%@ A9 % 2024.5.20-24
7&X¢ﬁ§§§

@%ﬁ%@ﬂﬁéﬁﬁx@%%E@%%%mfé 2024. 10. 28-11. 6

T Dt
O®H I

N ZR FR RS D &
%%EEJAEJ%MH% DTN b AR EHES
Oz

FEIRE S I O 2 35541 0 FonfE sk & fe R
FrRESTIHE 2023, 8.2
OMniEAE s

FRBNE & AZIZHOWT
FOHVE T Web figfizs  2024. 3. 12-29
OHFt & A

FRRE S I O 2 35541 0 FonfE sk & fe R
FrRESTIHE 2024, 8. 2
O/ R

MMSE « HDS-R #FAfio> =2 >/

1 PERIRES 2025.2.7
O fEEE—

EHERENEE

ERuE N EE S IUHE 2024, 11. 28
O fEEE—

W 5 | WHE

Une Y F—a URMIHE 2025, 1,22, 27, 28
O #5, AR 7. BER K

JiE (1R

HlsoE s S 2 % 2025. 3.4
O/NEF R

PRIE & R

PRIE MRS 2023. 5. 16
O/NEF R

KEMBEIIZONT

NST fihsfiss  2024. 7. 10
O/NEy HE

RAE SR He D FEBRE N ER

NST fihiR<s  2024.9. 11

- 134 -

2023.9. 30

AT Yy FBRE



O/NEF S
BT THEES RS
BITTHHEES  2024.11.2

- 135 -



v
{58

- 136 -



SHOEE ZEME (DEARER)
B A4, 3 F A BEhRE | wmEEm | smm me) | Sl
BRI SRIALIE (ALS) B2 kM5 L LI ASBIR SIC B 2804 7R OSMik |BEBTERRRE | o mgepe i} N
K, —EER, A - 2 RERALAE (LI b i) (I i A 5) HO=BRRAAS BAMT  |2020/11/18 ~ 2023/11/30)  8/6
i ZAE M ERI SR IEALAE (ALS) BEFZ R L LR O T4 7R ONI-1186-A023 % DL fE | REEIRTEAGBIRIR |12 — st s okt A o N
RO, “EER, AN - KRR SRR GETTTb 1) (Wfepts) |00 ARG RS 2022/1/20 ~ 202475731 o/6
BERIERIRIECRE (ALS) BEEMBL LEROTY TR ORI, FEHR, M- | REREARRE | o sepron i N
1186-A03 | AOA BRI O % 2 ME Rk G HE 5 388 (45 111HA) (I AR i) = 22RO | T 2023/2/28 ~ 2023/8/31 s
’l“%'“‘fi{”:b@r N =23 . . e . =p Jepe @%E&ﬁ%%ﬁgﬁgﬁ - > A P gRs) ~
EPERIEE (HERIE L) BFARTR L LIENT 201 OIEEH. FEXTIRAE (FE M) (AH 3 82) N7 7 —~ RSt (BT 2021/9/28 2024/1/31 3/3
ENCORE — Mycobacterium avium Complex (MAC) (Z#2[K9 5 MiFEFEZHERIEE (NTM) JED
PHZW 22 R ANBRE 2GS, TI VR Y — AR ANRER (ALIS) X—2 L [BUEIRFEAGRRER | . o A A N
U DA R CRAM AT 5. 727 Mo, “TER. 77 RAR, e | (Wetgy |17y PERSE IR 2022/8/28 ~ w0/ 0/
M. ZhigkdFERBR (BIIIb )
TSP UMEMG Mycobacterium avium Complex fEME % Xf5 & L CEpetraborole #& MO #5- L 7 7SR kR
DRI, TR KWL T 55 2/3 M, 728 Mb, “BER. 7 7R " a2 Therapeutics |1l 4 0023/2/28 ~ 2025/5/31 2/1
WA, % Mgz AT % 35 (MACr02) P
SHOEE ZHETE (HEHRFTERE)
: o 3
W 4, W% H e il wwsEEm | ooam (e | tERN
FIT ¢ 2 BESOmg  F FH AR TR A 158 FH Rl R AT KR I R BERERER ~ 2024/10/31 9/10
2 LT UL b2, Smght S A o i R A TAT Ly Fefi % SRR A ~ ig%iﬁﬁf 2/2
SS% YV VR FIEY v OB R A (SRR R O B T PR R A | T Jefi] b ki ~ il 0/1
o enarme o e bR S SAIFRED
U(S:};MA? JU VUSRIFEHTH ¥ >~ R11. 26mg e G A MR A - B REME A, 2 e A RS A | P R, T Ko ERRERE R ~ 7?%%3%;#: 2/9
R
ANt T I T S a e o esla) W R R |7 27 5 A MR OPE) SRR ~ 2025/3/31 0/1
B F = v BE100mg 4 & A iR A e ARERE | Yok 7y —= Hll 6 BUORERE R ~ 2027/1/31 6/6
YL RO 7w AR ETEE (7 v - RHE (POEMS) JERE) 155 A R R A JR A L K 5 BUEEEE R~ 2024/8/31 1/1
YU R TR G (2 0 - e (PORMS) SEMERE - 5 ) e AR R A |BEAR R K % SUGEERE R ~ 2027/2/28 1/1
7V A AWy AR 590mgEE M ER A (MACHE) e HERAE | v A X v RERSHE |R)I # BUGEERE R ~  2026/6/30 22/25
AT hatmEREOOne (RECERIERMDIE)  AUERIPGEIME GO et |70 0= =7 kit mm B SRR ~ 202/12/31|  2/2
ULy b R REE (R EHE) BEERETRE |7y v oA Ak SUGEERE R~ 2024/6/30 0/1

- 137 -




SHIEE ZEMRE (ERER)
. e _ A 3K

W4, Wge B i B ekt MBRTHEES | BRI () ottt
ENCORE — Mycobacterium avium Complex (MAC) (ZHZ[K3 A BidEfEEZMERTREE (NTM) JED
PR 2 TN BB 2RI, TIHT VR Y — AR ARREIR (ALIS) ~N— A L [R5 AGERER | | N g
DR DR R OL e TS 5. 7 # MM, “HEER. 77 R, FHE | (MRS A 22y FaRSt (R & RIGHERTH ~ 2025/11/1 o1
W, ML (111 b A7)
TSP Mycobacterium avium Complex fEAE % %f5 & L CEpetraborole & A5 s B 75 K SR SR
®ﬁ%ﬁ\£éﬁ&@%%@%%ﬂﬁ¢5%z®w\?VﬁAm\:EE@\f?tﬁﬁ‘(ﬁm%%f““AMTmMmmms I R FRIFGRE H ~  2026/9/30 2/1
R, ZhaakdLFEaim & B (MACro2) L
NPC-22 DB FEHETE F % K14 & L7 45 T/ KA 3k WIEURRABR | ) ST 7 =R e ms s R ~ 2026/4/30 12

(I /MmAE#ER) &tk
%%{iggﬁizgigﬁ % L7Lu AFS24220 00 A, T > & sk, “EER. 77 KR %%gﬁf@f‘*% H. Lundbeck A/S BT PRI H ~ 2029/10/31 0/5
SH6EE ZEEmse (BERFTEERAE)
= N == = /\g 7 i[”

S e B 1 DRI wsTEER | o (e | AelERE
ST ¢ NEESOmg f F p R A A oK Il SRR ~ 2024/10/31 9/10
S LT U2, el R S ERREEE 7Aooy Ffil % seiokimin ~ Vbl 2/2
S8 Y VR FIES Y v VR AT (REITE) TSR L O PR TP ) A R 5 P A | R T Rt 5, s R ~ ol 0/1

fiF BRIRE
- o N A - N — > (o = PN B . 242 B | Vixin Gt /ﬂé,@”éﬁﬂﬁdj
U(S:%MA; JU /SR/E%H%# v ~11. 25mg q:jﬂ‘:ﬂi{ﬁﬁﬁﬁkﬁtﬁn}ﬁﬁ rﬂiﬁdn}ﬁﬁ : ﬂzﬁﬁiﬁ P 19 ZE e %E{ﬁﬁ%ﬁ?ﬁﬁzaﬁﬁ ﬁtﬁﬂgétﬁlj:¥ NI EHIRERE R ~ ﬁg‘}'é\%%ﬁ: 2/2
R
o o T BE00mg i i b i A R B RS Yoy T —~  |HI 4 SRS ~ 2027/1/31 6/6
P U R T A (2 0 - R (PORMS) FEfRRE) e ¢ i Nt K % SRS H ~ 2024/8/31 1/1
B L R SRR A (2 o - VR (POEMS) JEMERE : 1) W R | AR R K % SRS ~ 2027/2/28 1/1
T U A AW NG 590mg R A (MMACKE) BRI |2 2 2 v RERASE [Pl 45 SRS E ~  2026/6/30 24/25
% 1 )77j‘~ b A EA0OME (B R IE)  AEEME R (RIS 20 i v |05 = st ot (B B SRS F ~ 2021/12/31 2/
Uy 2k e AR (SR BRI |7 v T ARAH  |[BAREA SRS E ~  2024/6/30 0/1
: g E B ~ YN — 5 R % Z i = s e N S e
iy SRR ~ R ey A TREESAT OMINCITOWE 8 Ve mpigants |=— o pRiE [IREE | RORRA ~ 2008/0/9) 3/10
VARG F 5 L U S R it o — 2 UER L O - . g -

ZLRy TR NR LY L S IAFERONRBEAE A SRS KUY e e | ALp bR 2 b ek SRR ~ 2030/2/28 11

U7 hay 7 ZREIZHT D22, AR MEOMER

- 138 -




—‘—-ga N\
- 1]

- 139 -




https://doi.org/10.1093/braincomms/fcad296 BRAIN COMMUNICATIONS 2023: Page | of 19 | |

Clinical course of pathologically confirmed
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The clinical presentation of corticobasal degeneration is diverse, while the background pathology of corticobasal syndrome is also hetero-
geneous. Therefore, predicting the pathological background of corticobasal syndrome is extremely difficult. Herein, we investigated the
clinical findings and course in patients with pathologically, genetically and biochemically verified corticobasal degeneration and corticoba-
sal syndrome with background pathology to determine findings suggestive of background disorder. Thirty-two patients were identified as
having corticobasal degeneration. The median intervals from the initial symptoms to the onset of key milestones were as follows: gait dis-
turbance, 0.0 year; behavioural changes, 1.0 year; falls, 2.0 years; cognitive impairment, 2.0 years; speech impairment, 2.5 years; supra-
nuclear gaze palsy, 3.0 years; urinary incontinence, 3.0 years; and dysphagia, 5.0 years. The median survival time was 7.0 years; 50%
of corticobasal degeneration was diagnosed as corticobasal degeneration/corticobasal syndrome at the final presentation. Background
pathologies of corticobasal syndrome (7 =48) included corticobasal degeneration (33.3%), progressive supranuclear palsy (29.2%) and
Alzheimer’s disease (12.5%). The common course of corticobasal syndrome was initial gait disturbance and early fall. In addition, corti-
cobasal degeneration—corticobasal syndrome manifested behavioural change (2.5 years) and cognitive impairment (3.0 years), as the pa-
tient with progressive supranuclear palsy—corticobasal syndrome developed speech impairment (1.0 years) and supranuclear gaze palsy
(6.0 years). The Alzheimer’s disease—corticobasal syndrome patients showed cognitive impairment (1.0 years). The frequency of frozen
gait at onset was higher in the corticobasal degeneration—corticobasal syndrome group than in the progressive supranuclear palsy—corti-
cobasal syndrome group [P =0.005, odds ratio (95% confidence interval): 31.67 (1.46-685.34)]. Dysarthria at presentation was higher
in progressive supranuclear palsy—corticobasal syndrome than in corticobasal degeneration—corticobasal syndrome [P =0.047, 6.75
(1.16=39.20)]. Pyramidal sign at presentation and personality change during the entire course were higher in Alzheimer’s disease—

Received February 20, 2023. Revised August 01, 2023. Accepted November 02, 2023. Advance access publication November 3, 2023

© The Author(s) 2023. Published by Oxford University Press on behalf of the Guarantors of Brain.

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted reuse,
distribution, and reproduction in any medium, provided the original work is properly cited.

- 140 -


https://orcid.org/0000-0001-7415-8159
https://orcid.org/0000-0001-8828-8085
https://orcid.org/0000-0001-6337-8156
https://orcid.org/0000-0002-0717-1123
https://doi.org/10.1093/braincomms/fcad321
https://creativecommons.org/licenses/by/4.0/

2

| BRAIN COMMUNICATIONS 2023: Page 2 of 19 l. Aiba et al.

corticobasal syndrome than in progressive supranuclear palsy—corticobasal syndrome [P =0.011, 27.44 (1.25-601.61), and P=0.013,

40.00 (1.98-807.14), respectively]. In corticobasal syndrome, decision tree analysis revealed that ‘freezing at onset’ or ‘no dysarthria at

presentation and age at onset under 66 years in the case without freezing at onset’ predicted corticobasal degeneration pathology with a

sensitivity of 81.3% and specificity of 84.4%. ‘Dysarthria at presentation and age at onset over 61 years’ suggested progressive supranuclear

palsy pathology, and ‘pyramidal sign at presentation and personality change during the entire course’ implied Alzheimer’s disease path-

ology. In conclusion, frozen gait at onset, dysarthria, personality change and pyramidal signs may be useful clinical signs for predicting

background pathologies in corticobasal syndrome.
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I nt rOd uction laments of CBD was identified using cryo-electron microscopic
Corticobasal degeneration (CBD) is a rare neurodegenerative analysis.” The protofilament structure in CBD is distinct from
disorder characterized by neuronal loss and the predomin- other 4R tauopathies, such as progressive supranuclear palsy

ance of hyperphosphorylated 4-repeat (4R) tau deposition (PSP). Corticobasal syndrome (CBS) is the classic phenotype
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of CBD, presenting with asymmetric apraxia, rigidity, dystonia,
myoclonus, cortical sensory loss and alien limb."*” However,
CBD can manifest in several clinical syndromes, including PSP
syndrome (PSPS),*'? frontal behavioural-spatial syndrome
(FBS),*'* non-fluent/agrammatic variant of primary progres-
sive aphasia (naPPA)*'° and Alzheimer’s-like demen-
tia.®”!%13 Conversely, pathological backgrounds of CBS are
broad.”'®'*2%* The most frequent cause of CBS is
CBD,/»10:15:18=22.2425 - gillowed by Alzheimer’s disease
(AD), 7! L1415,18-20.26-29 pGp7.10,11,1518-20.23 14 many other
diseases. CBD and PSP are both 4R tauopathies and have sub-
stantial overlap that will likely preclude differentiating of the
two, clinically, in some cases. Therefore, the rate of correct
diagnosis of CBD in daily life is extremely low.*”'!?

Several diagnostic criteria have been proposed.”*°=% In
2013, Armstrong et al. proposed new clinical diagnostic cri-
teria for CBD (Armstrong’s criteria),” which according to a
subsequent validation study did not have very high sensitiv-
ity and had low specificity.'*'” However, these articles'*!”
failed to consider the exclusion criteria (e.g. AD biomarkers)
when assessing the CBD criteria.*® Previous studies have re-
vealed some clinical findings suggestive of non-CBD path-
ology in CBS.?”*”*® On the other hand, no clinical signs
suggesting CBD pathology in CBS have been reported.'*!”
It is unknown whether the course of CBS differs according
to the background pathology. Hence, detecting CBD path-
ology in CBS is extremely challenging.

Therefore, we analysed the clinical findings and course
of pathologically confirmed CBD and CBS to determine
whether the clinical signs and course suggestive of CBD path-
ology can be detected in CBS.

Materials and methods

We conducted a Japanese validation study of the consensus
criteria for CBD diagnosis (J-VAC study) within the frame-
work of the Research Committee of CNS Degenerative
Diseases, Research on Policy Planning and Evaluation for
Rare and Intractable Diseases, Health, Labour, and
Welfare Sciences Research Grants, the Ministry of Health,
Labour and Welfare, Japan. The J-VAC study is a retrospect-
ive study of a pathology cohort. Forty-eight centres were in-
volved in this study including 15 pathological centres and 32
clinical facilities. Most of the centres in the J-VAC study were
facilities with a background in movement disorders, wherein
neurology specialists made the clinical diagnosis. The
pathological diagnosis data by neuropathologists at each in-
stitution between 1996 and 2018 were retrieved. The neuro-
pathologists at each institution pathologically diagnosed
patients with CBD using frozen tissues, and those with a clin-
ical diagnosis of CBD or CBS, but without CBD pathology,
as per Alexander et al.’s'* validation study of Armstrong’s
criteria, termed ‘CBD mimics’. The pathological centres re-
quested the clinical facility to fill out a clinical information

I. Aiba et al.

chart for the pathologically diagnosed patients. Patients
with insufficient clinical data were excluded from this study.
Informed consent was obtained from the patients as an opt-
out on the website. The study was approved by the Ethics
Committee of the National Hospital Organization
Higashinagoya National Hospital (#27-8), and each institute
was in accordance with the Declaration of Helsinki.

To standardize the pathological diagnosis and elucidate the
pathological features of Japanese patients with CBD, the
pathological findings were retrospectively reviewed by an in-
dependent group of neuropathologists (T.K., Y.S., K.W. and
M.Y.) supported by the Brain Bank Committee of the
Japanese Society of Neuropathology.

Formalin-fixed, paraffin-embedded glass slide specimens
were collected using haematoxylin—eosin, Kliver—Barrera,
Gallyas—Braak (G-B) silver methods, phosphorylated tau
(AT8) and amyloid B protein immunohistochemistry.

These specimens were sent to neuropathologists and re-
viewed independently, blinded to clinical information, while
filling out a pathological diagnostic datasheet (Supplementary
Table 1). The pathologic diagnostic datasheet was based on
the neuropathologic criteria for CBD, as proposed by
Dickson et al.” Finally, we discussed whether the neuropatho-
logical diagnosis is relevant to CBD along with other additional
pathological aspects in all cases.

Genomic DNA was extracted from frozen brain tissues using
a standard procedure. Mutational analysis was performed
by sequencing both strands of all polymerase chain
reaction-amplified coding exons and flanking the intronic
sequences of MAPT, as previously reported.®’

Biochemical analysis of the tau from either the frontal or
temporal lobe cortex accumulated in the brains of patients
was conducted by investigating the banding pattern of
C-terminal fragments of tau on the immunoblot with anti-
tau antibodies, as previously reported.*” Sarkosyl insoluble
tau was prepared from ~0.5 g frozen tissues essentially, as
has been previously described.*!**

Clinical evaluations were performed on patients with patho-
logically, genetically and biochemically verified CBD during
the central review, and each patient’s clinical information
was retrospectively analysed. The evaluation items included
initial signs and symptoms, major CBD signs and symptoms
(at the time of examination and during the entire clinical
course) based on the definitions of Armstrong’s criteria’
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and some relevant diagnostic criteria.>®**** When data
were abstracted, items were considered as present or absent
only if described.

We analysed the intervals between the initial symptoms
and key clinical milestones. Clinical features observed in
more than half of the patients were selected as key mile-
stones. We also examined whether the course differed ac-
cording to the clinical type.

In patients with CBD mimics, clinical evaluation was further
performed using the same items as those with pathologically
verified CBD. Moreover, these patients had met the Mayo
Clinic” or the Cambridge*® diagnostic criteria for CBS.

We compared the frequency of clinical symptoms and signs
of CBD with those of CBD mimics to identify the former at
three clinical points in their clinical course: at onset, at pres-
entation or during the entire course. In addition, we com-
pared the interval from the initial symptoms to the key
milestones between CBD and CBD mimics.

We defined CBS as patients whose final clinical diagnosis was
CBD or CBS. We analysed the background pathology of pa-
tients with CBS, including CBD-CBS (patients with CBD
pathology with a clinical diagnosis of CBS or CBD) and
CBD mimics and their clinical information.

We compared the frequency of symptoms and signs of CBD—
CBS with those of PSP-CBS or AD-CBS (AD pathology with
a clinical diagnosis of CBS) at onset, presentation or during
the entire course. Moreover, we compared the interval
from the initial symptoms to the key milestones of CBD-
CBS with those of PSP-CBS or AD-CBS.

A decision tree analysis was performed using the classifica-
tion and regression tree method with CBD, PSP and AD as
the dependent variables and sex, age at onset and significant
findings as the independent variables; cross-validation was
further performed.

Statistical analysis was performed using SPSS software ver-
sion 22 (IBM, Inc., Armonk, NY, USA). Data were assessed
using Fisher’s exact test and odds ratio [OR; 95 % confidence
interval (95% CI)] to compare the frequency of symptoms
and signs. Survival was calculated using Kaplan—-Meier

BRAIN COMMUNICATIONS 2023: Page 50f 19 | 5

analysis, and the log-rank test was used for comparisons.
P <0.05 was considered statistically significant.

Results

Thirty-seven patients with CBD pathology diagnosed by a
neuropathologist at each institution were enrolled in our
study (Fig. 1A). After central pathological, genetic and bio-
chemical verification of the 37 patients, a consensus meeting
for the J-VAC study was held online in September 2020.
Finally, we identified genetic, biochemical and pathological-
ly diagnosed CBD.

The results of pathological, genetic and biochemical ana-
lyses are shown in Supplementary Table 2. The essential
pathological changes in the CBD were cortical and subcortical
tau pathologies. The pathological hallmarks were numerous
with the widespread distribution of threads and presence of
astrocytic plaques, which were both positive for G-B silver
staining and phosphorylated tau immunohistochemistry.
Astrocytic plaques are important disease-specific structures,
and we confirmed typical and sufficient astrocytic plaques in
all cases. The density of astrocytic plaques was relatively de-
creased in severe degenerative cortical areas with long disease
duration. Ballooned neurons (BN) are essential to CBD but
not specific to CBD. The frequency of BN was variable
(Supplementary Fig. 1).

Five patients were excluded: two with PSP pathological
changes (Patient nos. 1 and 25), one with atypical 4R tau
pathology and Lewy body pathology (Patient no. 30), one
with extremely minimal pathological changes such as CBD
(Patient no. 5) and one with MAPT mutation (Patient no.
27; Supplementary Table 2). Finally, we agree that the
pathological diagnosis of CBD was appropriate for the pre-
sent study in 32 patients.

The CBD patients were 16 men and 16 women. The mean age
at onset was 65.4 years; mean duration from symptom onset
to presentation was 3.4 years; and mean age atdeath was 73.0
years (Table 1). None of the patients had any family history.

The most frequent initial sign of CBD was gait disturbance
(74%), followed by bradykinesia (64%). Clumsy limbs, falls
and amnesia were the next most frequent symptoms, but
these were less than half. In terms of the type of gait disturb-
ance, slow gait was the most common (57%), followed by
unstable gait (48%), frozen gait (39%) and short-step gait
(36%; Supplementary Table 3).
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A
CBD CBD mimics
’ . Patients with clinical diagnosis of CBD or CBS
(patients enrolled as Ea;l;g CBD pathology) ( without CBD p?athoiogies)
n = n =38
Excluded
- PSP pathology (n=2)
- unclassified tauopathy (n=1) —J Excluded s o
- MAPT mutation (n=1) + no available clinical information (n=6)
+ Minimal change CBD (n=1)
Analysis Analysis
n=32 n=232
— ]_
CBD-PSPS | | CBD-dementia CBD-CBS PSP-CBS ol Others
n=28 n=6 n=16 n =14 n==6 n=12
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B

GGT 2(4.2%)
DLB 2(4.2%)

Others

CBD
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6(12.5%
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14(29.2%)

Figure | Analytic flow and background pathology in CBS. (A) Analytic flow for CBD and CBD mimics. CBD—PSPS, corticobasal
degeneration (CBD) presented progressive supranuclear palsy (PSP) syndrome; CBD—CBS, CBD presented corticobasal syndrome (CBS); PSP—
CBS, PSP presented CBS; AD—CBS, Alzheimer’s disease (AD) presented CBS. (B) The background pathology of CBS. CBS, corticobasal syndrome;
CBD, corticobasal degeneration; PSP, progressive supranuclear palsy; FTLD-TDP, frontotemporal dementia (FTLD) with TDP-43 pathology; DLB,
dementia with Lewy bodies; GGT, globular glial tauopathy. The background pathology of CBS includes various tauopathies. CBD was most
common, followed by PSP, AD FTLD-TDP, DLB, and GGT. Others included FTLD fused in sarcoma (FUS) (n = 1), glioblastoma (n = I), Pick’s
disease (n = I), prion disease (n = |) and non-specific pathological changes (n=1).

Frequency of clinical signs and
symptoms in CBD

Motor features

Supplementary Table 4 shows the frequency of the clinical
features in patients with CBD. The most common motor fea-
tures were limb rigidity or bradykinesia (87%), followed by
gait disturbance (80%) and postural instability or falls

(65%). These findings had increased by the death of >90%
of patients with CBD. Regarding the gait disorders, slow
and unstable gait was observed around in 60% at presenta-
tion and >90% during the entire course. A frozen gait was
observed in more than half of their lives. However, only
42% had dystonia and 25 % had myoclonus during the entire
course, in terms of asymmetric presentation, 65% of CBD
had asymmetric limb rigidity or bradykinesia, 31% had
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Table | Demographic data in patients with confirmed CBD pathology (CBD) and clinical diagnosis of CBS or CBD

with non-CBD pathology (CBD mimics)

CBD
n=32

Feature

CBD mimics

n=32 P-value (95% CI)

Age at onset, years
M:F ratio 16:16

65.4+ 8.1 (45-83)

66.0 + 10.4 (33-86) 0.820 (=5.17 to 4.13)
22:10 0.203, OR: 0.45 (0.45—1.26)

Time at presentation since onset of symptoms, years 34+24(0-9) 3.7+3.1 (0-12) 0.667 (—1.69 to 1.09)
Age at death, years 73.0 + 8.2 (50-87) 74.3 +10.0 (48-93) 0.578 (—5.84 to 3.30)
Duration of disease, years 7.8+3.1 (3-17) 9.6 +5.5 (3-31) 0.108 (—4.02-0.41)

Data are presented as mean + SD (range). M, male; F, female; OR, odds ratio; 95% Cl, 95% confidence interval.

asymmetric dystonia and 14% had asymmetric myoclonus
(Supplementary Table 4).

The most common higher cortical feature was cognitive im-
pairment (90%), followed by executive dysfunction (84%).
Behavioural changes were also observed in more than half
of the entire course. Limb apraxia was only observed in
29% of CBD at presentation and in less than half (48%) of
their lives. Cortical sensory loss (21%) and alien limb signs
(7%) were uncommonly observed. Asymmetric presenta-
tions were infrequent (Supplementary Table 4).

Among other features, urinary incontinence was observed in
over 80% and supranuclear gaze palsy or decreased velocity
of vertical saccades in over 60% of patients with CBD during
the entire course. Speech and language impairments were
also observed in 75%; dysarthria was the most frequent fea-
ture (Supplementary Table 4).

At the initial presentation, 22% of CBD were diagnosed as
CBD or CBS and 50% at the final presentation. The second
most common clinical diagnosis was PSP (19% at initial
presentation and 25 % at the final presentation, respectively);
13% of CBD were diagnosed with Alzheimer’s disease at the
initial presentation and 9% at the final presentation. Patients
who were given a diagnosis of dementia, including AD, fron-
totemporal dementia (FTD), dementia with Lewy bodies
(DLB) and Pick’s disease were 31% at initial diagnosis and
22% at the final diagnosis (Supplementary Table 5).

The most common clinical department for treatment was
neurology at the initial stage (78%) and at the end stage
(91%).

The median intervals from the initial symptoms to the onset
of key milestones were as follows: gait disturbance, 0.0
years; behavioural changes, 1.0 years; falls, 2.0 years; cogni-
tive impairment, 2.0 years; speech impairment, 2.5 years;

supranuclear gaze palsy, 3.0 years; urinary incontinence,
3.0 years; walking with assistance, 4.0 years; dysphagia,
5.0 years; and a bedridden state, 5.0 years (Fig. 2A).

We divided the patients into three subclinical types de-
pending on the final clinical diagnosis (CBD-CBS: the final
clinical diagnosis was CBS or CBD; CBD-PSPS: the diagnosis
was PSP; and CBD—-dementia: the diagnosis was AD or FTD,
respectively). Behavioural changes, speech impairment, urin-
ary incontinence and dysphagia tended to appear earlier in
patients with CBD-PSPS than in those with CBS. In CBD—de-
mentia, cognitive and speech impairments appeared earlier

than in CBS and PSPS (Fig. 2B-D).

The Kaplan—Meier survival curve for CBD is shown in
Supplementary Fig. 2A. The median survival time was 7.0
years. Age at onset, any symptoms at onset and clinical phe-
notypes were not related to the survival time. In women, the
survival time was significantly longer than in men (7.0 years
in men and 9.0 years in women, P = 0.046; Supplementary
Fig. 2B). The most common cause of death was pneumonia
(66%).

The clinical types are shown in Table 2, and their combina-
tions are shown in Fig. 3. At presentation, only 11 of 32 in-
dividuals with CBD had completed assessments for all the
symptoms and signs in the Armstrong’s criteria, and nine fur-
ther patients had completed assessments during the entire
course of the study owing to the retrospective nature, as de-
scribed above. Although the present study is retrospective
and limited in scope as described above, the most common
clinical type was PSPS (48 or 84%, at presentation or during
the entire course, respectively), followed by FBS (48 or 64 %)
and possible CBS (32 or 46%) using Armstrong’s criteria.’
Only one patient exhibited probable CBS (4%), both at pres-
entation and during the entire course; patients who met the
criteria for naPPA were 4 or 10%. Eleven patients at presen-
tation and four during the entire course exhibited no clinical

type (Fig. 3).
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Figure 2 Interval from the initial symptom to key milestones in CBD. (A) Patients with CBD. (B) Patients with CBD-CBS. (C) Patients with
CBD-PSPS. (D) Patients with CBD—dementia. CBD, corticobasal degeneration; CBS, corticobasal syndrome; PSPS, progressive supranuclear palsy

syndrome.

Table 2 Frequency of clinical type of Armstrong’s
criteria in patients with CBD

CBD (n=32)
At During the entire

Clinical type presentation course
Probable CBS 1/28 (4) 1125 (4)
Possible CBS 7122 (32) 11/23 (46)
FBS 12/25 (48) 14/22 (64)
naPPA 1127 (4) 2/21 (10)
Progressive supranuclear 13/27 (48) 21/25 (84)

palsy syndrome

Data are presented as n (%). CBD, corticobasal degeneration; CBS, corticobasal
syndrome; FBS, frontal behavioural-spatial syndrome; naPPA, non-fluent/agrammatic
variant of primary progressive aphasia.

Patients with clinical diagnosis of CBD
or CBS without CBD pathologies
(CBD mimics)

Background of pathology

Thirty-eight patients with CBD mimics were enrolled; how-
ever, six patients were excluded because of no available clin-
ical information (Fig. 1A). Supplementary Table 6 shows
that patients with CBD mimics involved PSP (z = 14), includ-
ing a patient with PSP with glioblastoma, AD (n = 6),%%*’
frontotemporal lobar degeneration with TDP-43 pathology
(n=3), globular glial tauopathy (z=2), DLB (z=2)* and
others.*®*”

Clinical evaluation

Initial symptoms and signs in CBD mimics

In patients with CBD mimics, the most frequent initial sign
was gait disturbance (69%), followed by clumsy limbs
(63%), speech disturbances (55%) and bradykinesia (54%).
In terms of the type of gait disturbance, unstable gait was
the most common (46 %). However, a frozen gait was not ob-
served as an initial symptom (Supplementary Table 3).

Frequency of clinical signs and
symptoms in CBD mimics

Motor features

During the entire course, limb rigidity or bradykinesia,
(100%) gait disturbance (97%) and postural instability or
falls (89%) were frequently observed in patients with CBD
mimics. Conversely, 58% of the patients had dystonia and
37% had myoclonus (Supplementary Table 4).

At presentation, 84% of them had limb rigidity or bradyki-
nesia, and 77% presented gait disturbance. In terms of asym-
metric presentation, 75% of CBD mimics had asymmetric
limb rigidity or bradykinesia, 39% had asymmetric dystonia
and 13% had asymmetric myoclonus (Supplementary Table 4).

Higher cortical features

For higher cortical features, both general cognitive impair-
ment and frontal executive dysfunction were observed in
more than 95% of patients, followed by limb apraxia
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Figure 3 Combination of clinical phenotype in CBD. Each number is a number of patients who met the item of Armstrong’s criteria. The most
common clinical type was PSPS (48 or 84% at the presentation or during the entire course, respectively), followed by FBS (48 or 64%) and possible
CBS (32 or 46%) using Armstrong’s criteria. Many patients with CBD met the multiple clinical phenotypes of the Armstrong criteria. Conversely, | |
patients at presentation and four during the course did not meet any clinical criterion. One patient data during the entire course were unavailable.
CBD, corticobasal degeneration; PSPS, progressive supranuclear palsy syndrome; FBS, frontal behavioural-spatial syndrome; naPPA, non-fluent/
agrammatic variant of primary progressive aphasia; Possi CBS, possible corticobasal syndrome; Prob CBS, probable corticobasal syndrome.

(73%) during the entire course. However, 42% of CBD mi-
mics presented behavioural changes, 39% had cortical sen-
sory loss and 36% presented personality change during the
entire course. An asymmetric alien limb sign was not ob-
served (Supplementary Table 4).

In other features, urinary incontinence along with speech
and language impairment was over 80%, supranuclear
gaze palsy or decreased velocity of vertical saccades, and dys-
arthria was observed in over 75%, and the pyramidal sign
was in 60% of those patients during the entire course
(Supplementary Table 4).

The median intervals from the initial symptoms to the onset of
key clinical milestones in CBD mimics were as follows: gait dis-
turbance, 0.0 years; speech impairment, 1.0 years; behavioural
changes, 1.0 years; falls, 2.0 years; cognitive impairment, 3.0
years; dysphagia, 4.5 years; urinary incontinence, 5.0 years;
walking with assistance, 5.0 years; supranuclear gaze palsy,
6.0 years; and a bedridden state, 7.0 years (Fig. 4A).

We compared the initial symptoms of CBD with those of
CBD mimics to identify the former. The frequencies of frozen

gait [P =0.002, OR (95% CI): 29.48 (1.59-546.35)] and tre-
mor [P=0.014, OR (95% CI): 5.70 (1.40-23.30)] were
higher in the CBD group (Supplementary Table 3).

The frequencies of limb apraxia [P =0.031, OR (95% CI):
3.64 (1.18-11.18)], dysarthria [P =0.030, OR (95% CI):
3.82 (1.25-11.68)] and pyramidal signs [P=0.034, OR
(95% CI): 3.50 (1.17-10.54)] were higher in CBD mimics
at presentation. The frequency of asymmetric limb rigidity
or bradykinesia was higher in the CBD mimics [P =0.031,
OR (95% CI): 5.13 (1.27-20.81)]; however, the frequency
of tremors was higher in the CBD during the entire
course [P=0.042, OR (95% CI): 3.67 (1.07-12.55);
Supplementary Table 4].

Speech impairment tended to appear earlier in patients with
CBD mimics than in those with CBD (Figs 2A and 4A). Tube
feeding (P =0.006) and a bedridden state (P =0.002) ap-
peared earlier in patients with CBD than in those with
CBD mimics (Supplementary Fig. 3A and B). The interval
from the initial symptoms to cognitive impairment, walking
with assistance and the survival period were not significantly
different between the two groups.

Background pathologies of CBS (7 = 48) included CBD (n =
16,33.3%), followed by PSP (2 =14,29.2%) and AD (n=6,
12.5%; Fig. 1A and B).
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Figure 4 Interval from the initial symptom to key milestones in CBD mimics. (A) Patients with CBD mimics. (B) Patients with PSP-CBS. (C)
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We compared the initial symptoms of CBD—-CBS with those
of PSP-CBS and AD-CBS. The frequencies of frozen gait [P
=0.005, OR (95% CI): 31.67 (1.46-685.34)] and short-step
gait [P =0.024, OR (95% CI): 15.75 (1.42-174.25)] were
higher in the CBD-CBS group at onset than in the PSP-
CBS group (Table 3). However, a distinct initial symptom
of AD-CBS was not detected by the comparative analysis.

The prevalence of dysarthria was higher in the PSP-CBS
group at presentation than in the CBD-CBS group [P =
0.047, OR (95% CI): 6.75 (1.16=39.20)], and the frequency
of supranuclear gaze palsy was higher in the PSP-CBS group
during the entire course than in the CBD-CBS group [P =
0.030, OR (95% CI): 14.00 (1.39-141.49)]. In contrast,
the frequency of pyramidal signs was higher in AD-CBS pa-
tients at presentation than in CBD-CBS patients [P = 0.012,
OR (95% CI): 24.82 (1.17-527.15); Tables 4 and 35].

The frequency of dysarthria was higher in patients with
PSP-CBS than in those with AD-CBS [P=0.019, OR
(95% CI): 24.43 (1.03-580.46)] at presentation. In contrast,
the frequency of pyramidal signs at presentation [P =0.011,
OR (95% CI): 27.44 (1.25-601.61)] was higher in patients
with ADe-CBS (Table 4). The frequencies of myoclonus [P
=0.013, OR (95% CI): 25.00 (1.80-346.71)] and personal-
ity change [P =0.013, OR (95% CI): 40.00 (1.98-807.14)]

were higher in patients with AD-CBS during the entire
course (Table 5).

Decision tree analysis in CBS showed that ‘freezing at onset’
or ‘no dysarthria at presentation and age at onset <66 years
in the case without freezing at onset’ predicted CBD path-
ology with a sensitivity of 81.3% (13/16) and specificity of
84.4% (27/32), ‘dysarthria at presentation and age at onset
older than 61 years’ suggested PSP pathology with a sensitiv-
ity of 64.3% (9/14) and specificity of 85.3% (29/34) and
‘pyramidal sign at presentation and personality change dur-
ing the entire course’ implied AD pathology with a sensitivity
of 66.7% (4/6) and specificity of 95.2% (40/42; Fig. 5).

We compared the intervals from the initial symptoms to the
key milestones between CBD-CBS and PSP-CBS or AD-
CBS. Within the early 2 years, patients with CBD—CBS initially
presented with gait disturbance (median 0.0 years), followed
by falls (1.5 years; Fig. 2B). However, those with PSP-CBS ini-
tially presented behaviour changes and gait disturbance (0.0
year), followed by speech impairment and falls (1.0 years),
and later accompanied supranuclear gaze palsy (6.0 years;
Fig. 4B). Patients with AD—CBS initially presented with gait
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Clinical course of CBD and CBS
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A Clinical findings suggestive of CBD pathology in CBS B Clinical findings suggestive of PSP pathology in CBS
CBD PSP
Node O Node O
Category % n _Category %  n
paamae ; H non-CBD 6B.7 32 T i ®nonPEP 70834
| ® non-CBD | ¥ CED 333 16 t S :;’;PSP I BPSP 20214
2oBEL seoriB )
: ® CBD 1 Total 1000 48 N i Total 100.0 48
______ 4 =
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Hao Yes | |
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B CED 205 8 N CED 8849 & [ = I =
Total 81.2 39 Total 188 9 Age at onset Pyramidal sign duting entire
l: Improvement=0.072 course
Dysarthria at presentation Improvement=0.038
Improvement=0.073
2= B0.5 =605 Ho Yes
s Na Node 3 Node 4 Nede & Node &
| | Category % n Category % n Category % n Category % n
Hode 2 Node 4 W non-PSP 800 8 W non-PSP 357 5 ®non-PSP BB7 8 ® non-PSP 1000 12
Category % n Category % n B PSP 100 1 B PSP 843 8 B PSP 333 4 B PSP 00 0
B non-CBD 944 17 B non-CBD 667 14 Total 208 10 Total 28214 Total 25.0 12 Total 250 12
B CBD 58 1 B CBD 333 7
Total 375 18 Total 428 21

Age at onset
Improvement=0.032

<= B[B.U = BJBD

Node 5 Node B
Category % n Category % n
® non-CBD 444 4 ® non-CBD 833 10
B CBD 556 5 B CBD 187 2
Total 188 9 Total 250 12

C Clinical findings suggestive of Alzheimer's disease pathology in CBS

AD

Node O

Category % n

\F “““ I ®non-AD 875 42
| :;‘;""AD : W AD 125 6
I Total 100.0 48
[ =

Pyramidal sign at presentation

Improvement=0.032

Nlo \"les
Node 1 Node 2
Category % n Category % n
¥ non-AD 1000 25 S non-AD 738917
BAD 00 0 B AD 261 6
Total 52125 Total 479 23
=
Personality change during entire
course

Improvement=0.087

Yes Nlu
Hode 3 Hode 4
Category % n Category % n
B non-AD 333 2 B non-AD 882 15
B AD 667 4 W AD 18 2
Total 125 6 Total 35417

Figure 5 Decision tree analysis for background pathology of CBS. A decision tree analysis was performed using the classification and regression
tree method with CBD, PSP and AD as the dependent variables and sex, age at onset and significant findings (freezing at onset, tremor at onset,
dysarthria at onset, dysarthria at presentation, pyramidal signs at presentation, pyramidal signs during the entire course, myoclonus during the
entire course, personality change during the entire course and supranuclear gaze palsy during the entire course) as the

(continued)
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Clinical course of CBD and CBS

disturbance (0.0 years), followed by cognitive impairment (1.0
years), speech impairment and falls (2.0 years; Fig. 4C).

Discussion

The present study is the first to show the clinical spectrum
and course of the genetic, biochemical and pathological
confirmation of CBD in Japan.

In the present study, the mean age at onset of CBD was in the
mid-60s, similar to previous studies.®™'>*® Although an age
at onset of >50 years is required for probable sporadic CBD
of Armstrong’s criteria, one patient with CBD (Patient no.
21) developed symptoms at 45 years of age, the same as
the youngest age reported previously.*® In previous studies,
a patient with an onset at age 83 (Patient no. 11) had the old-
est onset.>'**% Age at death was consistent with the pub-
lished data.®~'**® The ratio of men and women was equal,
similar to those in western countries.*™'**%

In terms of initial signs and symptoms, many studies re-
ported that limb clumsiness was the most common initial
symptom (37-50%).'**® Other signs at onset reported
were gait disorder,'%*® falls,*® sensory problems,'*** behav-
ioural change,'®*® cognitive problems (memory loss)'**®
and tremor.*® Although limb clumsiness was also seen as of-
ten as in previous studies (48 %), the most common finding at
onset was gait disturbance (74 %), which was more frequent
than in previous reports.”'* This may have been associated
with the high proportion of participants from the depart-
ment of neurology in our cohort. The most frequent gait
characteristic at onset was slow gait (57%), followed by un-
stable gait (48 %). Surprisingly, the prevalence of gait freez-
ing was noted in ~40% of the patients.

Almost all patients with CBD developed limb rigidity or bra-
dykinesia, gait disturbances and postural instability. These

Figure 5 Continued

BRAIN COMMUNICATIONS 2023: Page I150f 19 | 15

motor signs were more frequent than those reported by
Armstrong et al.” Characteristics of gait (e.g. short stepped,
bradykinetic, unstable and broad based) were the same as
those in previous studies.'>*® In PSP, gait freezing is the pri-
mary sign of akinesia, especially as patients with PSP-PGF
develop gait freezing in their early stages.*> Gait freezing
was also found for the first time in CBD, which has the
same 4R tauopathies. Both dystonia and myoclonus were
the major signs of CBS, but they were less frequent, which
was consistent with previous studies.®”'>'* The cognitive
impairment seen in 90% of patients with CBD was the
most common higher cortical feature, as previously de-
scribed.®?1%1* More than 80% of the patients with CBD
presented executive dysfunction; it was more frequent than
in previous reports.'> Behavioural changes were noted in
56% of patients with CBD during the entire course, as fre-
quently as Armstrong et al.” Patients who developed apraxia
were 29% at presentation and 48 % during the entire course,
which was less than in previous studies.”'* As previous re-
ports”'* pointed out, cortical sensory loss (21%) and alien
limb phenomena (7%) were infrequent despite the core fea-
tures of CBS. Therefore, few patients with CBD met possible
(46%) or probable (4%) CBS as per Armstrong et al.’s’ cri-
teria (Table 2). However, the proportion of cortical sensory
loss evaluated was particularly small (only 20 of 32 patients
at presentation and 19 during the entire course), and it is pos-
sible that the actual number might be much higher, and the
proportion of CBS may also be higher.

In the present study, the frequencies of CBS and naPPA were
less than those reported by Alexander et al.'* FBS tended to
have the same frequency, and the proportion of PSPS tended
to be higher than that reported by Alexander et al.'* This dif-
ference may be because many patients came from movement
disorders and not from dementia in this cohort. Many pa-
tients also had more than one clinical type (Fig. 3). In add-
ition, half of the patients with CBD pathology developed
non-CBS phenotypes such as PSP and dementia, and their
physicians did not suspect CBD pathology, thereby not for-
mulating an evaluation of the primary symptoms of CBS.
Evaluation throughout the course of the disease was particu-
larly difficult, in part because the patients eventually becom-
ing bedridden and mutic, therefore making the evaluation
for aphasia or speech incomplete.

independent variables, and cross-validation was performed. (A) Clinical findings suggestive of CBD pathology. ‘Freezing at onset’ or ‘no dysarthria
at presentation and age at onset <66 years in the case without freezing at onset’ predicted CBD pathology with a sensitivity of 81.3%, specificity of
84.4%, PPV of 72.3% and NPV of 90%. (B) Clinical findings suggestive of PSP pathology. ‘Dysarthria at presentation and age at onset older than 61
years’ suggested PSP pathology, with a sensitivity of 64.3%, specificity of 85.3%, PPV of 64.3% and NPV of 85.3%. (C) Clinical findings suggestive of
AD pathology. ‘Pyramidal sign at presentation and personality change during the entire course’ implied AD pathology with a sensitivity of 66.7%,
specificity of 95.2%, PPV of 66.7% and NPV of 95.2%. n, number of patients; CRT, classification and regression tree method; CBS, corticobasal
syndrome; CBD, corticobasal degeneration; PSP, progressive supranuclear palsy; AD, Alzheimer’s disease; PPV, positive predictive value; NPV,

negative predictive value.
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16 | BRAIN COMMUNICATIONS 2023: Page 16 of 19

Kertesz et al.*’ reported in detail the time course of the
clinical type of 12 pathologically confirmed CBD patients
in a prospective cohort of FTD. The most common first clin-
ical syndrome was primary progressive aphasia, followed by
behavioural variant of FTD, and CBD syndrome. The clinic-
al phenotype evolved to the other second and third syn-
dromes over time. As mentioned above, it has been shown
that clinical syndrome evolves over time in CBD. To our
knowledge, this study is the first to describe the onset of
each clinical sign and symptom by clinical phenotype in pa-
tients with pathologically confirmed CBD. In CBD, the earli-
est symptom was gait disturbance, followed by behavioural
changes (median 1.0 year), falls and cognitive impairment
(2.0 years, respectively; Fig. 2A). The clinical course differs
depending on the clinical type (Fig. 2B-D).

Some studies reported that the early presence of parkinson-
ism,*® frontal lobe features*® and dementia'? predicted
shorter survival*® in pathologically confirmed CBD. Age at
onset was not associated with survival, consistent with previ-
ous studies.'>** No previous reports have investigated
whether the basic clinical characteristic of sex affects sur-
vival; our findings showed that survival was predicted to
be longer in women than it was in men.

In patients with CBD, the most common cause of death
was pneumonia, similar to the findings of previous studies.*®

In the present study, the background pathology of CBS in
Japan constituted a variety of proteinopathies: CBD was
the major (33.3%), followed by PSP (29.2%) and AD
(12.5%). In previous reports on the background pathology
of CBS, PSP and AD were found to be the two major diseases
(other than CBD). PSP was observed in 0.0-47.6% of
CBS,”>10:11,13,18-20,26,27.50 (o hile AD was observed in 0.0—
50.0% of CBS.”>'0-11:13:16.18-20.26.27.50" Geperally, the fre-
quency of PSP was higher in cohorts who were treated mainly
for movement disorders than those treated mainly for cogni-
tive impairment.”'®!'" On the contrary, the frequency of AD
was higher in cohorts than those treated mainly for cognitive
impairment.'”*” The result of our cohort from treating main-
ly movement disorders is similar to the previous cohorts that
mainly aimed to treat movement disorders, as well.

Finally, we discuss the clinical characteristics of each
disease type. Gait disturbance at onset and early falls were com-
mon signs in CBD-CBS, PSP-CBS and Alzheimer’s disease-CBS.

The clinical characteristics of CBD-CBS are gait distur-
bances initially, followed by falls within 2 years and later

I. Aiba et al.

accompanied by behavioural changes and cognitive impair-
ment. At the onset, CBD-CBS patients more frequently pre-
sented with frozen gait, and short-step gait, compared with
PSP-CBS; the frequency of short-step gait in CBD-CBS
was almost equal to that in AD-CBS. Frozen gait has not
been previously reported in CBD. As per our study, frozen
gait may suggest CBD-CBS.

Both PSP and CBD are 4R tauopathies having overlapping
clinical phenotypes; with CBS having the PSP phenotype
and PSPS having the clinical phenotype of CBD, distinguish-
ing them becomes extremely difficult clinically. However,
our analysis revealed some differences between the two.
The clinical characteristics of PSP-CBS include gait disturb-
ance at onset, followed by speech disturbance and falls with-
in 2 years and later the accompaniment of supranuclear gaze
palsy. Supranuclear gaze palsy was more frequently observed
during the course, compared with CBD-CBS. Supranuclear
gaze palsy is a late sign, as per Respondek et al.,>" but falling
down appeared earlier (1.0 year) in PSP-CBS. Moreover, pa-
tients with PSP-CBS more frequently presented with dys-
arthria at presentation than with CBD-CBS or AD-CBS.
Although dysarthria has not been previously reported as an
early symptom, the existence of dysarthria at presentation
may be suggestive of PSP-CBS.

The clinical characteristics of AD-CBS are initial gait dis-
turbance, followed by cognitive impairment. Shelly et al.*’
previously reported that asymmetric extrapyramidal signs
were observed, and cognitive impairment was an earlier
symptom of AD-CBS than CBD-CBS; however, the previous
report did not compare it with PSP-CBS. In our cohort, a
higher frequency of myoclonus was observed at diagnosis
and during the entire course of AD-CBS than that in PSP-
CBS. Hu et al.’” previously reported that a higher frequency
of myoclonus was observed in AD-CBS than in CBD-CBS
but not in PSP-CBS. In addition, in our cohort, personality
change and pyramidal signs were more frequently observed
in patients with AD-CBS than in those with PSP-CBS.
These findings may be related to hippocampal-sparing type
AD in which the primary motor cortex has higher neurofib-
rillary tangle (NFT) counts than typical AD*?

The results of the decision tree analysis revealed that ‘the
presence of frozen gait at onset’ or ‘the absence of dysarthria
at presentation and younger onset’ suggests CBD pathology;
‘dysarthria at presentation and age at onset older than 61
years’ predicted PSP pathology; furthermore, ‘pyramidal
sign at presentation and personality change during the entire
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course’ implied AD pathology. Although these findings have
not been previously reported, they may contribute to a cor-
rect diagnosis during life. The sensitivity and specificity of
the decision tree analysis for predicting background path-
ology are still not high, and if used alone, it will have limited
diagnostic value.

This study had some limitations. Firstly, this was a small, retro-
spective cohort study. Furthermore, we could not completely
elucidate the patients’ symptoms and signs throughout the clin-
ical course and could obtain the items considered present or ab-
sent only if described. Therefore, in some analyses, the
comparison between the two groups would have had an insuf-
ficient number of patients. Moreover, the patient’s information
on the biomarkers to exclude AD was inadequate in the study.
A limitation of the study is also that the lack of information
(which is already mentioned) made it hard to assess the
Armstrong’s CBD criteria. However, a strength of the study is
that the findings could still inform future revisions of the criteria
to improve sensitivity and specificity. Therefore, a large inter-
national multicentre prospective cohort study is required for
further investigating CBD and CBS. This study focused on clin-
ical features, and its results may be combined with highly pre-
dictive biomarkers to detect background pathologies.>”

Conclusion

To our knowledge, this study is the first to describe the clin-
ical spectrum of the pathologically, genetically and biochem-
ically verified patients with CBD. This is also the first report
of the clinical differences between CBD-CBS, PSP-CBS and
AD-CBS. In CBS, gait disturbance at onset and early falls are
common signs. However, frozen gait at onset may suggest
CBD pathology, dysarthria may predict PSP pathology and
personality change and pyramidal signs may imply AD
pathology.

Supplementary material

Supplementary material is available at Brain Communications
online.
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Patient with Heterotopic Ossification Post-SARS-CoV-2 Infection Regained Ability to
Walk Independently Indoors after Rehabilitation and Drug Therapy : A Case Report
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Yuki Yokokawa Satoshi Okuda Yuta Hayashi
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Mariko Kaneko Tkuko Aiba Akira Inukai

Abstract

A 31-year-old woman infected with severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) at 33-weeks pregnant was subject to cesarean delivery due to a worsening
respiratory condition. On the fourth day of iliness, the patient was placed on a ventilator, with
extracorporeal membrane oxygenation (ECMO) treatment initiated on the ninth day. Passive
range of motion (ROM) training started on the day 33 of illness. She was weaned off ECMO
on day 55 of illness and taken off of the ventilator on day 8. The tracheostomy tube was
replaced with a speech cannula on day 87 of illness, at which time the patient began to
complain of pain during passive ROM training. Plain X-ray photography and computed
tomography (CT) showed ossification around the bilateral shoulder and hip joints, as well as
on medial thighs, accompanied by an alkaline phosphatase (ALP) value of 942 U/L. She was
subsequently diagnosed with heterotopic ossification, after which passive ROM training was
changed to protective ROM training, in addition to treatment with indomethacin farnesyl and
etidronate disodium. The patient was transferred to our hospital on day 122 of iliness for the
purpose of continuing rehabilitation. On day 155 of iliness, ossification decreased on the
medial thighs, according to CT. She was able to walk independently indoors and was
discharged home on day 181 of illness. This case demonstrates the importance of checking
the ALP levels and palpating the periarticular area in patients infected with SARS-CoV-2
before initiating passive ROM training, as well as being aware of any pain experienced during
training. In the case of any abnormalities, assessing the ossification around the joints of
extremities by imaging examination is a priority.
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Factors associated with adverse
drug reactions or death in very
elderly hospitalized patients
with pulmonary tuberculosis

Mitsuaki Yagi'?, Yuichiro Shindo*, Yoshikazu Mutoh?, Masahiro Sano?,
Toshihiro Sakakibara?, Hironori Kobayashi', Akinobu Matsuura?, Ryo Emoto*,
Shigeyuki Matsui*, Taku Nakagawa? & Kenji Ogawa?

The aging of patients with tuberculosis and better therapeutic management for them are recent
concerns. This study aimed to identify risk factors for adverse drug reactions (ADRs) or death in very
elderly patients with pulmonary tuberculosis and to assess the association between the dosage

of antituberculosis drugs and outcomes. We conducted a multicenter retrospective study at two
hospitals. Hospitalized patients (= 80 years old) with pulmonary tuberculosis who were treated with
antituberculosis drugs were enrolled. Multivariate analysis was performed to assess factors associated
with ADRs or death within 60 days after treatment initiation. In total, 632 patients were included. The
primary endpoint occurred in 268 patients (190 ADRs and 78 deaths). A serum albumin level <2.5 g/
dL, respiratory failure, and dependent activities of daily living were independent risk factors for ADRs
or death. However, a low dosage (< 8 mg/kg/day) of rifampicin was associated with a lower risk of the
primary outcomes. Delayed time to negative sputum culture conversion was not observed in the lower
dosage of rifampicin group. Very elderly hospitalized tuberculosis patients with the aforementioned
risk factors should be carefully monitored to receive safer treatment. Rifampicin dosage reduction
may be considered for very elderly tuberculosis patients to prevent ADRs/death.

Abbreviations
ADL  Activities of daily living

ADRs  Adverse drug reactions

BMI  Body mass index

CI Confidence interval

INH  Isoniazid

LTBI  Latent tuberculosis infection
OR Odds ratio

PD Pharmacodynamics

PK Pharmacokinetics

PZA  Pyrazinamide

RIF Rifampicin
TB Tuberculosis

Tuberculosis (TB) is one of the three major infectious diseases worldwide’. In Japan, although the incidence of
TB is decreasing yearly, the TB incidence remains moderate in the country, while other industrialized countries
have a low incidence?’. One of the reasons that Japan still has a moderate incidence of TB is population aging?.
Several countries are facing a similar issue of the aging of patients with TB*°. The high incidence of tuberculosis
after World War II resulted in a higher prevalence of latent tuberculosis infection (LTBI) in the current very
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elderly population’. Immunosenescence predisposes individuals to reactivation of LTBI®, and this may result in
an increasing incidence rate of active TB among very elderly individuals. The proportion of very elderly individu-
als (aged 80 years or older) among those with active TB has steadily risen from 26.6% in 2008 to 41.7% in 2019°.
Since the mortality rate among very elderly patients with TB is high?, the development of effective treatment
strategies for this age group is an important challenge.

Polypharmacy related to complex comorbid diseases and age-related physiological deterioration are common
among very elderly individuals'. Therefore, very elderly patients with TB are more likely to experience antitu-
berculosis drug-induced adverse reactions''. Adverse drug reactions (ADRs) to treatment have been suggested
as a possible factor that contributes to poor outcomes in elderly individuals'. In fact, an association between
drug-induced liver injury and death has been reported'?. In this context, treatment guidelines for TB from the
United States and Japan state that dosage adjustment should be considered in the elderly population due to
concerns about ADRs''°. We speculate that dosage reduction of antituberculosis drugs is often attempted for
those patients in clinical practice. However, evidence on the validity is scarce. Furthermore, which drugs should
be reduced and in which patients remain unclear.

Therefore, it is important for physicians to recognize patients at a high risk of adverse events, including death,
to provide effective and safer treatment for very elderly patients with TB. The aim of this study was to identify
risk factors for the composite outcome (ADRs or death) in those patients and to assess the association between
the dosage of antituberculosis drugs and the composite outcome.

Methods

Study design and patient population. We conducted a multicenter retrospective study of very elderly
patients (aged 80 years or older) with active TB who were admitted to one of two hospitals with TB wards
(Higashinagoya National Hospital and Tosei General Hospital, Japan) between January 1, 2013, and December
31, 2018. Patients with pulmonary TB who were treated with antituberculosis drugs, including isoniazid (INH)
and rifampicin (RIF), at the study institutions were eligible. The exclusion criteria were as follows: infection due
to strains of Mycobacterium tuberculosis resistant to either INH or RIF, or both; admission for desensitization
therapy or other purposes due to an adverse event of antituberculosis drugs; extrapulmonary TB alone; treat-
ment of TB was already started at other hospitals or outpatient clinic before admission; and unsuitability for the
study, as determined by the researchers.

The protocol for this study adhered to the Declaration of Helsinki and the Japanese Ethics Guidelines for
Epidemiological Studies. This study was approved by the institutional review boards at two hospitals. Informed
consent from the participants was waived since this study was based on a retrospective review of their records
and images. However, the study information was provided to the eligible patients through the internet, and they
were given the opportunity to withdraw from the study.

Data collection and definition of variables. The following data on admission were collected by chart
review: demographic information, comorbidities, concomitant medications, functional status, smoking his-
tory, and physical, laboratory, and radiological findings. Details of the disease status of TB and antituberculosis
treatment were also collected. Polypharmacy was defined as the use of 7 or more medications in addition to
antituberculosis drugs'®. Activities of daily living (ADL) were categorized into two groups: independent and
dependent (including assisted walking, wheelchair use, and bedridden). Comorbidities included the following:
chronic lung diseases, chronic heart diseases, chronic liver diseases, chronic kidney diseases, neurological dis-
orders, active malignancy, and diabetes mellitus. Details of these definitions of comorbidities are shown in the
Supplementary Information. The disease status of TB was evaluated by cavitation and the extent of shadows on
radiological findings and the sputum smear grade (0,%, 1+, 2+, and 3+). Extensive disease of TB was defined
when the extent of the shadows was beyond one lung.

Endpoint. The primary endpoint of this study was the proportion of patients who reached the composite
outcome, including ADRs or death, within 60 days after TB treatment initiation. As secondary endpoints, all-
cause deaths and ADRs within 60 days were separately assessed. ADRs were defined as any event that resulted in
discontinuation of at least one antituberculosis drug or alteration of the dosage. The likelihood of ADRs associ-
ated with antituberculosis drugs was categorized as definite, probable, possible or unlikely, according to a previ-
ous study and WHO criteria'”!®. We assessed ADRs using the following five criteria: (1) known adverse drug
reaction; (2) temporal relationship; (3) adverse reaction disappeared with dosage reduction or discontinuation
of the study medication; (4) symptoms could not be explained by any other known condition or predisposition
of the patient; and (5) the symptoms reappeared upon rechallenge or laboratory tests showed higher than nor-
mal drug levels or metabolic disturbances that explained the symptoms!”. The level of association was classified
into four categories: (1) definite, all five criteria were satisfied; (2) probable, the first four criteria were satisfied;
(3) possible, the first two criteria were satisfied; and (4) unlikely, relevant information could not be obtained,
time relationship between ADRs and drug intake was improbable, or other conditions were considered to be
the cause of the symptoms. In this study, events evaluated to be definite, probable, or possible were considered
ADRs. Two pulmonologists independently assessed causality (MY and MS for cases at Higashinagoya National
Hospital, and MY and MS for those at Tosei General Hospital). In cases in which either of the evaluators made
an assessment of “unlikely” and the assessment was discordant between the evaluators, the case was discussed,
and a final consensus was reached.
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Statistical analysis. All baseline data are presented as categorical variables. The dosage of RIF or INH per
body weight per day is presented as the median and interquartile range. A chi-square test or the Mann-Whitney
U test was used to compare the two groups.

Multivariate logistic regression was performed to assess factors associated with the composite outcomes of
ADRSs or death within 60 days after treatment initiation. The 17 candidate variables were determined with refer-
ence to previous reports (Supplementary Table S1)*!71-%, and we also added the dosages of RIF and INH per
body weight. The cutoff values were determined based on previous reports and histograms of the variables'®2¢-2%,
A low dosage of RIF or INH was defined by taking into account the lower limits of the dosages recommended by
the international guidelines (RIF: 8-12 mg/kg/day; and INH: 4-6 mg/kg/day)*. Regarding sample size calcula-
tion, as a rough guideline, we considered that at least 200 events (composite outcomes of ADRs or death) were
needed to analyze the risk factors, taking into account approximately 20 candidate variables***. Based on our
preliminary investigation, the estimated proportion of the occurrence of the composite outcome was approxi-
mately 33%. Thus, at least 600 elderly patients with TB were needed for the main analysis. However, considering
that the number of candidate variables was relatively large and there was a concern about instability in the effect
estimation of multivariate logistic regression analysis, a shrinkage method by L2-penalized logistic regression
(ridge regression) was adopted, and odds ratios (ORs) and approximate 95% confidence intervals (CIs) were
calculated’!. With a tenfold cross-validation, we determined the penalty parameter as a minimizer of the mean
deviance (minus twice the log-likelihood on the left-out data). The 95% ClIs for the ORs were calculated by
repeated penalized logistic regressions, including the determination of the penalty parameter, of 1000 bootstrap
samples that were randomly drawn with replacement from all patients.

Factors associated with the 60-day all-cause death were also assessed by multivariate logistic regression analy-
sis using the same variables that were used to assess factors associated with the 60-day composite outcomes of
ADRSs or death. Similarly, factors associated with ADRs within 60 days after treatment initiation of TB assessed
by multivariate logistic regression analysis using the above same variables in patients excluding those who died
before ADR occurrence. The cumulative incidence of the composite outcomes within 60 days after treatment ini-
tiation of TB and negative sputum culture conversion in the no event group were estimated using Kaplan-Meier
curves. The log-rank test was performed for comparison of negative sputum culture conversion rates between
different groups. Statistical data processing was performed using SPSS Statistics (version 28; IBM, Armonk, NY,
USA) and R (ver. 3.6.3; R Foundation for Statistical Computing, Vienna, Austria).

Results

Patient characteristics. During the study period, 1664 patients with TB were admitted to the two hospi-
tals. Figure 1 presents the patient flow. Of the 1664 patients, 749 (45.0%) were over 80 years old. We excluded
117 patients due to no treatment (49), drug resistance (24), and other reasons that are described in Fig. 1. In
total, 632 patients were eligible for this study. The baseline characteristics are shown in Table 1. Among the 632
study patients, 332 (52.5%) had low body mass index (BMI), 150 (23.7%) had polypharmacy, 468 (74.1%) had
impaired ADL, and 472 (74.7%) had one or more comorbidities. Dependent ADL, extrapulmonary TB and/
or extensive disease, respiratory failure, one or more comorbidities, albumin <2.5 g/dL, and creatinine clear-
ance < 30 mL/min were more common among patients who had ADRs or died within 60 days than among those
who did not. There were no missing values.

I 1664 Hospitalized patients with pulmonary tuberculosis l

4% 915 Age < 80 years l

| 749 Hospitalized patients aged = 80 years |

117 Excluded
49  No treatment of TB
24 Infection due to drug-resistant strains
(21, resistant to INH; 1, resistant to RIF; and 2, MDR)

8 RIF was not used

8 Admission for management of adverse events of anti-
TB drugs

7 Extrapulmonary TB alone

6 Treatment of TB was already started at other
institutions or outpatient clinic before admission

5 Sputum smear-positive but culture-negative results

5 Admission for desensitization therapy

5 Others*

A,

632 Eligible

Figure 1. Patient flow. INH =isoniazid; RIF = rifampicin; MDR = multidrug resistance; TB =tuberculosis.
*Others include 2, short-term admission to confirm adverse events; 2, clinically diagnosed cases with no
bacteriological confirmation of TB; and 1, patient discharged for personal reasons.
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All patients | No event | ADR or death within 60 days
Variables (n=632) (n=364) (n=268) p value
Age > 85 years 336 (53.2) | 182(50.0) | 154 (57.5) 0.063
Female 251 (39.7) 147 (40.4) | 104 (38.8) 0.689
BMI<18.5 m*kg 332 (52.5) 180 (49.5) | 152 (56.7) 0.071
Polypharmacy* 150 (23.7) 87 (23.9) 63 (23.5) 0.908
Immunosuppressants® 25 (4.0) 14 (3.8) 11 (4.1) 0.869
ADL, dependent 468 (74.1) 241 (66.2) | 227 (84.7) <0.001
Smoking history 267 (42.2) 156 (42.9) | 111 (41.4) 0.717
Disease status
Cavitation on chest X-ray 182 (28.8) 100 (27.5) 82 (30.6) 0.391
Extrapulmonary TB and/or extensive disease 267 (42.2) 132 (36.3) | 135 (50.4) <0.001
Sputum smear>2+ 235(37.2) | 129(35.4) | 106 (39.6) 0.290
Respiratory failure 166 (26.3) 65(17.9) | 101 (37.7) <0.001
Comorbidities
At least 1 comorbidity 472 (74.7) 256 (70.3) | 216 (80.6) 0.003
Chronic lung diseases 132 (20.9) 68 (18.7) 64 (23.9) 0.112
Chronic heart diseases 170 (26.9) 91 (25.0) 79 (29.5) 0.210
Chronic liver diseases 21(3.3) 12 (3.3) 9(3.4) 0.966
Chronic renal diseases 76 (12.0) 45(12.4) 31(11.6) 0.761
Neurological disorders 216 (34.2) 125 (34.3) 91 (34.0) 0.920
Active malignancy 59 (9.3) 30(8.2) 29 (10.8) 0.271
Diabetes mellitus 148 (23.4) 84 (23.1) 64 (23.9) 0.814
Autoimmune diseases 32(5.1) 20 (5.5) 12 (4.5) 0.564
HIV positive 0(0) 0(0) 0(0) -
Laboratory findings
Albumin <2.5 g/dL 195 (30.9) 77(212) | 118 (44.0) <0.001
Abnormal AST and/or ALT 160 (25.3) 84 (23.1) 76 (28.4) 0.131
Renal failure (CCr <30 mL/min) 202 (32.0) 105 (28.8) 97 (36.2) 0.050

Table 1. Baseline characteristics. BMI, body mass index; ADL, activities of daily living; TB, tuberculosis;
HIV, human immunodeficiency virus; AST, aspartate aminotransferase; ALT, alanine aminotransferase;

CCr, creatinine clearance. Data are presented as numbers (percentages). *Concomitant drugs>7.
*Immunosuppressive drugs within the previous 30 days and/or corticosteroids in daily doses of at least 10 mg/
day of a prednisone equivalent for more than two weeks. “Above the upper limit of normal range before
treatment initiation of TB.

Treatment of TB.  Asshown in Table 2, 89.7% of the study patients were treated with 3-drug therapy includ-
ing INH and RIE The percentage of patients treated with pyrazinamide (PZA)-containing regimens was low
(7.4%). The dosage of INH per body weight per day between patients with no events and those with ADRs or
death within 60 days was similar (median dosage: 5.0 vs. 5.1), and these dosages were recommended by the
guidelines'*. On the other hand, the dosage of RIF per body weight per day in both event groups was lower than
the recommended dosage in the guidelines*. However, the dosage was higher among patients with ADRs or
death within 60 days than among those without. The median (interquartile range) RIF dosage in patients who
received < 8 mg/kg/day RIF was 6.4 (5.8-7.1).

Sixty-day outcomes. Table 3 presents the 60-day outcomes. The primary endpoint, the composite out-
come of death or ADRs within 60 days after treatment initiation, occurred in 268 patients (42.4%). Most events
(204/268 [76.1%]) occurred within 30 days after initiation of TB treatment (Fig. 2). Of the 268 patients who
reached the primary endpoint, 78 had drug discontinuation due to death (before ADR occurrence), and 190 had
ADRs (Table 3). The most common ADR was gastrointestinal dysfunction (68 [35.8%] of the 190 patients with
ADRs), followed by hepatitis (55/190 [28.9%]) and skin rash (31/190 [16.3%]). Ninety-four patients (14.9%)
died from all causes (including ADRs) within 60 days after treatment initiation. TB was considered the cause of
death in 68 (72.3%) of them.

Factors associated with the 60-day composite outcome. The findings of multivariate logistic
regression analysis for the 60-day composite outcome, including ADRs or death, are shown in Table 4. The fol-
lowing host factors significantly increased the risk of the composite outcome: albumin<2.5 g/dL (adjusted OR
[aOR]: 1.59; 95% CI 1.29-2.29), respiratory failure (aOR: 1.51; 95% CI 1.20-2.11), and dependent ADL (aOR:
1.46; 95% CI 1.18-2.12). Moreover, regarding the types and dosages of TB drugs, a lower dosage of RIF (<8 mg/
kg/day) significantly reduced the risk of the 60-day composite outcome (aOR: 0.80; 95% CI 0.57-0.98).
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All patients | No event ADR or death within 60 days
(n=632) (n=364) (n=268) pvalue
Antituberculosis drug regimens 632 364 268
HREZ 40 (6.3) 30 (8.2) 10 (3.7)
HRLZ 7(1.1) 4(1.1) 3(1.1)
HRE 441 (69.8) 268 (73.6) 173 (64.6)
HRL 126 (19.9) 55 (15.1) 71 (26.5)
HR 18 (2.8) 7(1.9) 11 (4.1)
Dose of rifampicin and isoniazid
Isoniazid dose/BW, mg/kg/day 5.1(4.5-5.7) |5.0(4.5-5.7) |5.1(4.5-5.7) 0.673
Isoniazid <4 mg/kg/day 51(8.1)* 35(9.6)* 16 (6.0)* 0.096
Rifampicin dose/BW, mg/kg/day 7.1(6.1-8.6) |7.0(6.0-8.4) |7.5(6.4-9.0) 0.001
Rifampicin <8 mg/kg/day 416 (65.8)° 255 (70.1)° 161 (60.1)° 0.009

Table 2. Antituberculosis drug regimens and dosages. HREZ, isoniazid, rifampicin, ethambutol,
pyrazinamide; HRLZ, isoniazid, rifampicin, levofloxacin, pyrazinamide; HRE, isoniazid, rifampicin,
ethambutol; HRL, isoniazid, rifampicin, levofloxacin; HR, isoniazid, rifampicin; ADR, adverse drug reactions;
BW, body weight. Data are presented as the number (percent) or median (interquartile range). *“Median
(interquartile range) values of INH dosage in all patients, those with no event, and those with ADR or death
within 60 days were 3.7 (3.5-3.9), 3.6 (3.4-3.8), and 3.7 (3.6-3.9), respectively. "Median (interquartile range)
values of RIF dosage in all patients, those with no event, and those with ADR or death within 60 days were 6.4
(5.8-7.1), 6.4 (5.8-7.0), and 6.5 (5.9-7.1), respectively.

All patients
Outcomes (n=632)
60-day composite outcome 268 (42.4)
Death from any cause (as events before adverse drug reaction occurrence) 78 (12.3)
TB-related death 58(9.2)
Non-TB-related death? 20(3.2)
Adverse drug reactions 190 (30.1)
Gastrointestinal dysfunction® 68 (10.8)
Hepatitis 55(8.7)
Rash 31 (4.9)
Fever 11(1.7)
Acute kidney injury 7(1.1)
Thrombocytopenia 5(0.8)
Pneumonia 3(0.5)
Visual disturbance 3(0.5)
CNS disorder 2(0.3)
Peripheral neuropathy 2(0.3)
Others® 3(0.5)
All-cause death within 60 days¢ 94 (14.9)
TB-related 68 (10.8)
Non-TB-related 26 (4.1)

Table 3. Sixty-day outcomes. Data are presented as number (percent). TB, tuberculosis; CNS, central nervous
system. *5, pneumonia; 4, heart failure; 2, lung cancer; 2, multiple organ failure; 2, senility; 1, interstitial
pneumonia; 1, colorectal cancer; 1, acute myocardial infarction; 1, panperitonitis; and 1, multiple myeloma.
40, anorexia; 18, gastrointestinal upset; 8, vomiting; and 2, nausea. “Others were 1, hyponatremia; 1,
leukopenia; and 1, eosinophilia. ¢Patients had adverse drug reactions that occurred before death were included.

Subanalyses of factors associated with each outcome: death and ADRs within 60 days after TB
treatment initiation. Factors associated with 60-day all-cause mortality were also analyzed, and the find-
ings are shown in Supplementary Table S2. The host factors and disease statuses that significantly increased the
risk of 60-day death were as follows: albumin < 2.5 g/dL (aOR: 3.01; 95% CI 2.14-5.75), respiratory failure (aOR:
2.11; 95% CI 1.40-3.62), dependent ADL (aOR: 1.98; 95% CI 1.41-4.52), active malignancy (aOR: 1.93; 95% CI
1.10-3.72), extrapulmonary TB and/or extensive disease (aOR: 1.80; 95% CI 1.34-2.96), BMI < 18.5 kg/m? (aOR:
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Figure 2. The estimate of the cumulative incidence of adverse drug reactions or death within 60 days. Vertical
lines indicate censored cases that involved patients who survived and were discharged. ADR =adverse drug
reaction.

1.52; 95% CI 1.08-2.55), and renal failure (aOR: 1.44; 95% CI 1.01-2.55). A lower dosage of RIF significantly
reduced the risk of 60-day mortality (aOR 0.69; 95% CI 0.43-0.97).

Furthermore, factors associated with ADRs within 60 days after treatment initiation of TB were analyzed in
554 patients, excluding 78 of 632 eligible patients who died before ADR occurrence (Supplementary Table S3).
Significant risk factors of ADRs included dependent ADL (aOR: 1.15; 95% CI 1.03-1.78) and albumin<2.5 g/
dL (aOR: 1.14; 95% CI 1.01-1.79).

Time to negative sputum culture conversion in the no event group.  Supplementary Fig. S1 shows
Kaplan—-Meier curves that estimate the cumulative incidence of negative sputum culture conversion in patients
who had no event (patients without adverse drug reactions who were alive within 60 days). The time to negative
sputum culture conversion tended to be shorter in patients who received a lower dosage of RIF (<8 mg/kg/day)
than in those who received > 8 mg/kg/day RIF (log-rank, p=0.09). No readmissions and no relapses due to drug
resistance were observed in either patient group during the observation period.

Discussion

We identified factors that were significantly associated with ADRs or death within 60 days after the initiation of
TB treatment in 632 hospitalized patients with pulmonary TB who were 80 years or older. One of the strengths
of this study is that the factors were assessed using a large cohort of very elderly patients with TB from multiple
institutions. In this study, hypoalbuminemia, respiratory failure, and dependent ADL significantly increased
the risk of ADRs or death. However, a low dosage of RIF (<8 mg/kg/day) decreased the risk of ADRs or death.
In addition, a delayed time to negative sputum culture conversion was not observed for patients who received
a low dosage of RIE

In this study, the proportion of patients who died within 60 days was 14.9%, and the proportion of those with
ADRs was 30.1%. Previous studies in the same age group reported that the proportions of patients with ADRs
were between 21.4 and 30.0%'1*3>%, A previous study of a Japanese cohort reported that the 60-day mortality
was 19.7%". Thus, the rates of ADRs and mortality in previous studies were similar to the findings of this study.
These results imply that the therapeutic situation in this study might not deviate from that in other previous stud-
ies, although there seemed to be some regional differences in drug regimens'"'**>*, Regarding treatment strategy
in Japan, PZA had not been recommended for patients who were 80 years or older until 2018'°. Levofloxacin was
substituted for ethambutol for elderly patients who were bedridden because of the difficulty of ophthalmologic
assessment. These situations reflected actual prescribed regimens in Table 2.

There are many patterns of ADRs including mild to severe events. In this study, ADRs were defined as any
event that resulted in discontinuation of at least one antituberculosis drug or alteration of the dosage. In other
words, defined ADRs meant higher grade of ones, not mild. We used the composite outcome of ADRs or death
as the primary endpoint. Many risk factors for death and ADRs in patients with TB overlap (Supplementary
Table S1). We need to take into account that ADRs tend to occur in patients at risk of death. However, when
assessing the two endpoints (ADRs and death) separately, patients who died early (before ADR occurrence)
were assigned to the no ADRs group, which was problematic. Thus, separate assessment of the factors associated
with death and ADRs may fail to identify patients at a high risk of ADRs who need effective and safer treatment,
including modification of the antituberculosis drug dosage. Furthermore, in clinical practice, very elderly patients
with TB who are likely to die are often in a debilitated condition at the time of TB diagnosis. They may require
drug dosage adjustment and monitoring as they are at a high risk for ADRs. Moreover, an excessive dosage of a
drug may increase ADRs, whereas an insufficient dosage may decrease effectiveness of the treatment and increase
mortality*. Therefore, to identify very elderly patients with TB who need more effective and safer treatment,
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ADRs or

death Univariate analysis | Multivariate analysis
Variables Yes | No | OR (95% CI) Adjusted OR (95% CI)
Age > 85 years
No (n=296) 114 | 182 | 1 (ref) 1 (ref)
Yes (n=336) 154 | 182 |1.35(0.98-1.86) 1.19 (0.97-1.59)
Female
No (n=381) 164 | 217 |1 (ref) 1 (ref)
Yes (n=251) 104 | 147 |0.94 (0.68-1.29) 0.86 (0.61-1.04)
BMI< 18.5 kg/m?
No (n=300) 116 | 184 | 1 (ref) 1 (ref)
Yes (n=332) | 152 | 180 | 1.34 (0.98-1.84) 0.99 (0.74-1.20)
Polypharmacy*
No (n=482) 205 | 277 |1 (ref) 1 (ref)
Yes (n=150) 63 | 87 |0.98(0.68-1.42) 1.05 (0.80-1.43)
ADL, dependent
No (n=164) 41 | 123 |1 (ref) 1 (ref)
Yes (n=468) 227 | 241 |2.83(1.90-4.20) 1.46 (1.18-2.12)
Smoking history
No (n=365) 157 | 208 |1 (ref) 1 (ref)
Yes (n=267) 111 | 156 |0.94 (0.69-1.30) 1.04 (0.83-1.35)
Extrapulmonary TB and/or extensive disease
No (n=365) 133 | 232 |1 (ref) 1 (ref)
Yes (n=267) 135 | 132 | 1.78 (1.29-2.46) 1.22 (0.98-1.59)
Sputum smear >2+
No (n=397) 162 | 235 | 1 (ref) 1 (ref)
Yes (n=235) 106 | 129 |1.19 (0.86-1.65) 1.03 (0.80-1.30)
Respiratory failure
No (n=466) 167 | 299 |1 (ref) 1 (ref)
Yes (n=166) 101 65 |2.78(1.93-4.01) 1.51(1.20-2.11)
Chronic lung diseases
No (n=500) 204 |296 |1 (ref) 1 (ref)
Yes (n=132) 64 68 | 1.37(0.93-2.01) 1.19 (0.92-1.69)
Chronic heart diseases
No (n=462) 189 | 273 |1 (ref) 1 (ref)
Yes (n=170) | 79 | 91 |1.25(0.88-1.79) 1.10 (0.83-1.42)
Active malignancy
No (n=573) 239 | 334 |1 (ref) 1 (ref)
Yes (n=59) 29 | 30 |1.35(0.79-2.31) 1.18 (0.81-1.79)
Diabetes mellitus
No (n=484) 204 | 280 |1 (ref) 1 (ref)
Yes (n=148) 64 84 | 1.05(0.72-1.52) 1.02 (0.77-1.32)
Albumin<2.5 g/dL
No (n=437) 150 | 287 |1 (ref) 1 (ref)
Yes (n=195) 118 77 | 2.93(2.07-4.16) 1.59 (1.29-2.29)
Abnormal baseline AST and/or ALT
No (n=472) 192 | 280 |1 (ref) 1 (ref)
Yes (n=160) 76 84 | 1.32(0.92-1.89) 1.02 (0.76-1.32)
Renal failure (CCr <30 mL/min)
No (n=430) 171 | 259 |1 (ref) 1 (ref)
Yes (n=202) 97 | 105 | 1.40 (1.00-1.96) 1.16 (0.91-1.55)
RIF <8 mg/kg/day
No (n=216) 107 | 109 |1 (ref) 1 (ref)
Yes (n=416) 161 | 255 |0.64 (0.46-0.90) 0.80 (0.57-0.98)
INH < 4 mg/kg/day
No (n=581) 252 | 329 |1 (ref) 1 (ref)
Yes (n=51) 16 35 |0.60(0.32-1.10) 0.72 (0.37-1.05)
PZA use
Continued
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ADRs or

death Univariate analysis | Multivariate analysis
Variables Yes | No | OR (95% CI) Adjusted OR (95% CI)
No (n=585) 255 | 330 |1 (ref) 1 (ref)
Yes (n=47) 13 | 34 |0.50(0.26-0.96) 0.88 (0.54-1.43)

Table 4. Multivariate analysis of risk factors for adverse drug reactions or death within 60 days. OR, odds
ratio; CI, confidence interval; ref, reference; BMI, body mass index; ADL, activities of daily living; ALB,
albumin; AST, aspartate aminotransferase; ALT, alanine aminotransferase; CCr, creatinine clearance; RIF,
rifampicin; INH, isoniazid; PZA, pyrazinamide. *Concomitant drugs>7.

we considered that combining two endpoints, ADRs and death, was a better method. Thus, we assessed factors
associated with the composite endpoint rather than separately assessing ADRs and death.

The possible explanations for the association between the factors identified in this study and ADRs and death
are as follows. It has been reported that hypoalbuminemia increases free drug concentrations and ADRs*. In
fact, previous studies revealed that hypoalbuminemia was a risk factor for ADRs?’. Moreover, hypoalbuminemia
reflects poor nutritional status, and poor nutrition is associated with mortality risk®?. Regarding the relationship
between the decline in ADL and ADRSs, a previous study by Lim et al. indicated that a decline in ADL caused a
decline in gastrointestinal function, which resulted in anorexia as an ADR?®®. Moreover, previous studies reported
that decreased ADL was a risk factor for drug-induced liver injury? and that frailty was a risk factor for ADRs”.
In addition, previous studies have demonstrated that a decline in ADL was associated with mortality risk?>’.
Thus, the findings of this study were consistent with those of previous studies. Respiratory failure was thought to
reflect the severity of TB and has been reported to be a risk factor for death in previous reports!'*?2. Indeed, res-
piratory failure was an independent risk factor for 60-day all-cause death in our study (Supplementary Table S2).

In this study, a low dosage of RIF was associated with a decreased risk for ADRs or death. On the other hand,
a low dosage of INH did not significantly decrease the risk of ADRs or death. There is a concern that dosage
reduction of RIF will lead to delayed negative sputum culture conversion®®. However, a low dosage of RIF was
not found to be associated with delayed negative sputum culture conversion. Current guidelines for TB treatment
state that dosage adjustment for elderly patients may be necessary'*". The findings of this study suggest that
dosage adjustment of RIF is necessary in very elderly TB patients, particularly those with the aforementioned
risk factors for ADRs or death. To the best of our knowledge, there are no data on what degree of reduction
in the dosage of RIF is acceptable. The median dosage of RIF in patients who received < 8 mg/kg/day RIF was
6.5 mg/kg/day in this study. This may be helpful for planning future clinical trials. Verification of this dosage
is also required along with an analysis of pharmacokinetics (PK) and pharmacodynamics (PD). The PK/PD of
RIF is concentration-dependent®*, as well as that of INH*'. A previous study reported that the early bacteri-
cidal activity of RIF increased with the increasing of the dosage of RIF*’. Thus, further investigations, including
prospective interventional studies, are needed to achieve effective and safer treatment for TB, including dosage
modification of TB drugs such as RIE

This study has several limitations. First, this study was performed in a retrospective manner, and thus, poten-
tial bias could not be eliminated. Prospective studies are needed to validate the risk factors for ADRs or death
within 60 days after the initiation of TB treatment that were identified in our study. Second, the usefulness of
RIF dosage reduction needs to be confirmed in prospective comparative studies with a control group. In this
study, RIF dosage had already been reduced in many cases at the discretion of each physician. One of the possible
reasons was that physicians who had many experiences for very elderly TB patients have known by experience
that reduction of RIF with taking into account their general condition led to reduce ADRs and did not affect
the therapeutic efficacy. However, we recognize that a limitation of this study was that we could not assess clear
reasons why RIF dosage was reduced. Therefore, when performing the future prospective comparative studies,
we should adopt the clear objective criteria of the drug dosage reduction in which liver conditions as well as
of interference of RIF with other drugs are considered. Finally, the patients enrolled in this study were all from
Japan. Previous reports revealed that Asian race was a risk factor for ADRs to antituberculosis drugs and that
racial differences in N-acetyltransferase 2 gene polymorphisms were related to INH metabolism***. Therefore,
the findings of this study should be validated in patients of different races.

Conclusions

In conclusion, we identified independent factors associated with the composite endpoint, which was ADRs and
death within 60 days after treatment initiation of TB. Patients with dependent ADL, respiratory failure, and
hypoalbuminemia on admission are at high risk for ADRs to antituberculosis drugs or death. Physicians should
carefully monitor these patients to provide safer treatment for TB. Furthermore, dosage reduction of RIF should
be considered in the treatment of very elderly hospitalized patients with pulmonary TB.

Data availability
The datasets analyzed during the current study are available from the corresponding author on reasonable
request.
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ABSTRACT Macrolide antibiotics such as clarithromycin (CLR) and azithromycin are
the key drugs used in multidrug therapy for Mycobacterium avium complex (MAC)
diseases. For these antibacterial drugs, drug susceptibility has been correlated with
clinical response in MAC diseases. We have previously demonstrated the correlation
between drug susceptibility and mutations in the 23S rRNA gene, which confers
resistance to macrolides. Herein, we developed a rapid detection method using the
amplification refractory mutation system (ARMS)-loop-mediated isothermal amplifica-
tion (LAMP) technique to identify mutations in the 23S rRNA gene of M. avium. We
examined the applicability of the ARMS-LAMP method to genomic DNA extracted from
six genotypes of M. avium clinical isolates. The M. avium isolates were classified into 21
CLR-resistant and 9 CLR-susceptible strains based on the results of drug susceptibility
tests; the 23S rRNA genes of these strains were sequenced and analyzed using the
ARMS-LAMP method. Sequence analysis revealed that the 9 CLR-sensitive strains were
wild-type strains, whereas the 21 CLR-resistant strains comprised 20 mutant-type strains
and one wild-type strain. Using ARMS-LAMP, no amplification from genomic DNAs of
the 10 wild-type strains was observed using the mutant-type mismatch primer sets
(MTPSs); however, amplification from the 20 mutant-type strain DNAs was observed
using the MTPSs. The rapid detection method developed by us integrates ARMS-LAMP
with a real-time turbidimeter, which can help determine drug resistance in a few hours.
In conclusion, ARMS-LAMP might be a new clinically beneficial technology for rapid
detection of mutations.

IMPORTANCE Multidrug therapy for pulmonary Mycobacterium avium complex disease
is centered on the macrolide antibiotics clarithromycin and azithromycin, and resistance
to macrolides is an important prognosticator for clinical aggravation. Therefore, it is
important to develop a quick and easy method for detecting resistance to macrolides.
Drug resistance is known to be correlated with mutations in macrolide resistance genes.
We developed a rapid detection method using amplification refractory mutation system
(ARMS)-loop-mediated isothermal amplification (LAMP) to identify a mutation in the
23S rRNA gene, which is a macrolide resistance gene. Furthermore, we examined the
applicability of this method using M. avium clinical isolates. The rapid method developed
by us for detection of the macrolide resistance gene by integrating ARMS-LAMP and a
real-time turbidimeter can help in detection of drug resistance within a few hours. Since
this method does not require expensive equipment or special techniques and shows
high analytical speed, it would be very useful in clinical practice.
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P ulmonary Mycobacterium avium complex (MAC) disease is an intractable infection
caused by nontuberculous mycobacteria (NTM) and has no reliable therapeutic
agent; patients may die due to respiratory failure (1-3). Recently, the morbidity of
diseases caused by NTM, including MAC, has increased rapidly and already exceeds
tuberculosis morbidity in Japan (4). Pulmonary MAC disease is treated with multidrug
therapy, which is centered on the macrolide antibiotics clarithromycin (CLR) and
azithromycin (AZM) (5). Resistance to macrolides is an important prognosticator for
clinical aggravation. Therefore, it is important to devise a quick and easy method for
detecting resistance to macrolides. The drug susceptibility for ethambutol, rifampin,
and rifabutin, in the commonly used antimycobacterial regimen for MAC disease, has
shown a poor correlation with clinical response (6). On the contrary, macrolides are
the only antimicrobial agents for which the correlation between MAC in vitro drug
susceptibility testing and clinical response has been demonstrated in controlled clinical
trials (5, 6). However, problems in drug susceptibility testing include the requirement
of a long growth time before the determination of results and the need for technical
expertise. Therefore, to rapidly determine the presence or absence of drug resistance
in MAC, we require a method to detect a macrolide resistance gene mutation. Previous
studies have shown that more than 95% of macrolide-resistant MAC isolates have a
point mutation in the 23S rRNA domain V (6). In most CLR-resistant strains, a point
mutation is present in the macrolide binding site at position 2058 or 2059 (encoding
adenine) of the peptidyl transferase-harboring active center in the domain V region of
23S rRNA (7). With a conventional investigation, we ascertained the correlation between
drug susceptibility and drug resistance gene mutations (8). Furthermore, we applied the
amplification refractory mutation system (ARMS)-PCR method, which is used to detect
gene mutations, to develop a method for rapid detection of macrolide resistance genes
(8). The ARMS-PCR-based macrolide resistance gene detection method developed by
us enables determination of the presence of drug resistance in approximately 1 day
compared to the conventional drug susceptibility tests, using which the results are
usually obtained in more than 2 weeks. The ARMS method is designed to the primers
that overlap the mutation site at the amplification origin of the target region. For the
ARMS-PCR method, primers that overlapped with the mutation site at the 3"-end of the
gene were designed. In addition to the mismatch at the 3"-end of the primer, another
mismatched base was introduced at a site just upstream of the mutation site, thereby
preventing amplification by the PCR, which makes annealing of the primers impossible.

However, the ARMS-PCR method requires technical expertise and specialized
equipment, similar to that required for the conventional PCR-based method. In the
present study, we focused on the loop-mediated isothermal amplification (LAMP)
method. Using the LAMP method, the gene can be amplified under isothermal
conditions, and thus, expensive devices or instruments are not required for this method
(9). The reaction employs two sets of primers, outer primers (F3 and B3) and inner
primers [forward inner primer (FIP) and backward inner primer (BIP)], that recognize
six distinct regions in the target DNA. Amplification is mediated by a loop structure
and relies on an auto-cycling procedure performed with strand displacement of Bst
DNA polymerase under isothermal conditions. We propose the following method of
amplification: four types of primers amplify six regions, including the target gene
sequence, which is specifically amplified; amplification occurs at a constant temperature
and does not require expensive equipment or instruments such as thermal cyclers
that are used for the PCR. This method of amplification is highly efficient and can be
performed with a very small amount of DNA in a short time. Moreover, this method
allows visual detection of DNA, and agarose gel electrophoresis is not required for
this method. Considering these properties, the LAMP method is expected to become a
routinely used clinical diagnostic technique.
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In the present study, we developed a method for rapid detection of macrolide
resistance in M. avium using the ARMS-LAMP technique. We also analyzed the applicabil-
ity of this method using clinical isolates of M. avium.

RESULTS

Clarithromycin-susceptibility testing and analysis of the DNA sequence
corresponding to domain V of 23S rRNA

In this study, we evaluated the applicability of the ARMS-LAMP method to genomic
DNA extracted from six genotypes of M. avium clinical isolates. Table 1 shows the
results of the CLR-susceptibility tests performed using the BrothMIC NTM method on 30
clinical isolates. Twenty-one CLR-resistant strains of M. avium isolated from patients with
pulmonary MAC disease exhibited MICs =32 mg/L. The remaining nine CLR-susceptible
strains of M. avium isolated from patients with pulmonary MAC disease exhibited MICs
<8 mg/L.

We then sequenced the regions corresponding to domain V of the 23S rRNA genes
of the 9 CLR-susceptible and the 21 CLR-resistant strains. The amount of DNA was
measured using NanoDrop, and the average quantity of DNA extracted from the 30
strains was 7.84 ng/L. As shown in Table 1, the nine susceptible strains were wild-type
and harbored the sequences 2058A and 2059A. In contrast, 20 of the 21 resistant strains
were of the mutant type; 14 strains had a mutation at position 2058 and 6 had a
mutation at position 2059. One strain was found to be CLR-resistant but had no mutation
at either of these positions.

Amplification refractory mutation system (ARMS)-loop-mediated isothermal
amplification (LAMP) analysis

Amplification of the target DNA in an ARMS-LAMP analysis is indicated by the rising
slope of the curve that is obtained by plotting the real-time turbidimeter readings (Fig.
S1). Furthermore, LAMP products show a ladder-like pattern on agarose gel electro-
phoresis (Fig. S2). The amplified samples that tested positive/negative on real-time
turbidimetric analysis also showed positive/negative results, respectively, when analyzed
by electrophoresis. The results of the ARMS-LAMP analysis of the M. avium isolates are

TABLE 1 MICs of clarithromycin, mutations of nucleotides at positions 2058 and 2059 in the domain V region of the 23S rRNA gene, and results of amplification
refractory mutation system (ARMS)-loop-mediated isothermal amplification (LAMP) performed using Mycobacterium avium isolates®

Strain Total MIC Genotype ARMS-LAMP
number (ug/mL) WTPS CA-MTPS GA-MTPS TA-MTPS AC-MTPS AG-MTPS
Reference strain
M. avium 104 1 0.25 AA + - - - - -
M. avium ATCC 25291 1 0.25 AA + - - - - -
Clinical isolates
CLR-susceptible strains 9 <8 AA + - - - - _
CLR-resistant strains 1 >32 AA + - - - - -
1 >32 CA - + - - - -
1 >32 CA + + - - - -
1° >32 CA - + + - - -
5 >32 GA - - + - - -
6 >32 TA + - - + - -
3 >32 AC - - - - + -
1° >32 AC - + - - + -
2 >32 AG - - - - - +

9AV-27 strain.

bAV-47 strain.

°AV-124 strain.

4AC-MTPS, A2059C mutant-type mismatch primer set; AG-MTPS, A2059G mutant-type mismatch primer set; ARMS-LAMP, amplification refractory mutation system-loop-
mediated isothermal amplification; CA-MTPS, A2058C mutant-type mismatch primer set; CLR, clarithromycin; GA-MTPS, A2058G mutant-type mismatch primer set; TA-MTPS,
A2058T mutant-type mismatch primer set; WTPS, wild-type mismatch primer set.
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shown in Table 1 and Table S1. In all the wild-type strains harboring the sequences
2058A and 2059A, the two reference strains, the nine susceptible strains, and one
resistant strain, amplification was observed using the wild-type mismatch primer set
(WTPS) but not with the mutant-type mismatch primer sets (MTPSs); these genotypes
harbored the sequences A2058C (CA-MTPS), A2058G (GA-MTPS), A2058T (TA-MTPS),
A2059C (AC-MTPS), and A2059G (AG-MTPS). In the analysis using the MTPSs, only 1
amplified product was observed in 11 of the 21 resistant strains.

Moreover, discrepancies were observed between the results of ARMS-LAMP and
sequence analyses of nine mutant strains, namely, AV-27 (A2058C mutant-type strain),
AV-47 (A2058C mutant-type strain), AV-124 (A2059C mutant-type strain), and all A2058T
mutant-type strains. Sequence analysis showed that the strain AV-27 had an A —
C mutation at position 2058, whereas ARMS-LAMP analysis of this strain showed
amplification not only with CA-MTPS but also with WTPS. Similarly, sequence analysis
revealed that the AV-47 strain had an A — C mutation at position 2058, whereas ARMS-
LAMP analysis of this strain showed amplification not only with CA-MTPS but also with
GA-MTPS. For the strain AV-124, sequence analysis showed an A — C mutation at position
2059, whereas ARMS-LAMP analysis of this strain showed amplification not only with
AC-MTPS but also with CA-MTPS. Furthermore, sequence analysis revealed that the six
A2058T mutant-type strains had an A = T mutation at position 2058, whereas ARMS-
LAMP analysis of these strains showed amplification not only with TA-MTPS but also with
WTPS.

Subpopulation analysis of strains that showed discrepancies between results
of DNA sequencing and ARMS-LAMP analyses

As mentioned above, since discrepancies were observed in the results of DNA sequenc-
ing analysis and ARMS-LAMP analysis of nine mutant strains, we analyzed subpopu-
lations of these strains. The strain AV-27 was cultured in a liquid medium and was
subsequently plated onto Middlebrook 7H11C agar. Three colonies were randomly
selected from the resulting colonies and were again subjected to analysis. As given
in Table 2, drug susceptibility test results revealed that these subpopulations were
susceptible to CLR, and sequence analysis showed that these subpopulations had no
mutations at positions 2058 and 2059. Furthermore, ARMS-LAMP analysis of these
subpopulations showed amplification with WTPS but not with CA-MTPS. Similarly,
subpopulation analysis of the AV-47 strain revealed that three subpopulations showed
amplification with CA-MTPS and no amplification with GA-MTPS in the ARMS-LAMP
analysis, and sequence analysis showed that these subpopulations had an A2058C
mutation. ARMS-LAMP analysis of three subpopulations of the AV-124 strain showed
amplification with AC-MTPS and no amplification with CA-MTPS, and sequence analysis
showed that these subpopulations had an A2059C mutation. Furthermore, discrepancies
between the results of the two analyses were also seen for the six A2058T mutant-type
strains. ARMS-LAMP analysis of subpopulations of two of the A2058T mutant strains,
AV-207 and AV-392, revealed that all subpopulations showed amplification with both

Microbiology Spectrum

TABLE 2 Subpopulation analysis of the strains that showed discrepancies between the estimation of mutations of nucleotides at positions 2058 and 2059 in the

domain V region of the 23S rRNA gene and results of ARMS-LAMP analysis®

Strain Total MIC Genotype
number (ng/mL) WTPS CA-MTPS TA-MTPS AC-MTPS
AV-27 3 <8 AA + -
AV-47 3 >32 CA +
AV-124 3 >32 AC - +
AV-207 3 >32 TA + +
AV-392 3 >32 TA + +

IAC-MTPS, A2059C mutant-type mismatch primer set; ARMS-LAMP, amplification refractory mutation system-loop-mediated isothermal amplification; CA-MTPS, A2058C
mutant-type mismatch primer set; GA-MTPS, A2058G mutant-type mismatch primer set; TA-MTPS, A2058T mutant-type mismatch primer set; WTPS, wild-type mismatch

primer set.

April 2024 Volume 12 Issue 4

- 184 -

10.1128/spectrum.02339-23 4


https://doi.org/10.1128/spectrum.02339-23

Research Article

WTPS and TA-MTPS, and sequence analysis revealed that these subpopulations had an
A2058T mutation.

DISCUSSION

In this study, we developed a system for rapid detection of macrolide resistance in M.
avium clinical isolates. Our results showed that macrolide resistance could be detected
more simply and rapidly using the ARMS-LAMP method than that using the conven-
tional methods of drug susceptibility testing.

The ARMS-LAMP method is used for detection of point mutations in target genes as
it helps in identifying mismatches using LAMP primers. As shown in Fig. 1, BIP primers
harboring the B1c region are designed to overlap with the mutated site at the 5’-end. In
addition to the mismatch at the 5-end of the BIP primer, another mismatched base is
introduced at a site just upstream of the mutated site, thereby preventing amplification
by LAMP, which makes annealing of the primers impossible (10). Since mutations occur at
two adjacent nucleotides, primers were designed so that these two sites were positioned
at the 5-end. Cytosine (C) was selected as the mismatched base because of the high
level of mismatch strength that it shows with thymine (T) that is present in the template
DNA (11-13). In this study, measurements were carried out using approximately 23 ng
of DNA extracted from clinical isolates. Since the sensitivity and the specificity of the
ARMS-LAMP method were high, the amount of DNA was also adequate. Tamura et al.
reported that detection in the LAMP reaction is possible even with a small amount of
DNA (up to 10 pg) and that approximately 10 pg of DNA can be extracted from a single
sputum sample (14). In the future, we will examine whether this method is feasible for
the assessment of M. avium that is present in sputum samples.

We detected the LAMP products by electrophoresis on an agarose gel and real-time
turbidimetric analysis in the present study. It was found that all samples that tested
positive/negative in the real-time turbidimetric analysis also showed positive/negative
results, respectively, when they were analyzed by electrophoresis. The real-time turbidi-
metric inspection of LAMP products serves as an excellent detection method for clinical
diagnosis. Previously, we developed a rapid assay based on the ARMS-PCR for detecting
the 23S rRNA mutations at positions 2058-2059 in MAC (8). Although the ARMS-PCR
method could detect the 23S rRNA mutations with high accuracy, it required the use of
thermal cyclers and agarose gel electrophoresis. Besides, the whole genome sequence is
useful when investigating unknown mutations or broader genetic variations, while the
ARMS-LAMP method is useful when investigating specific known mutations. Addition-
ally, the ARMS-LAMP method is cost-effective and expeditious, especially when the
target sequence region is short. In contrast, the whole-genome sequencing workflow is
more complex and time-consuming. In other words, it eliminates the need for gel
electrophoresis and staining with ethidium bromide, making it more convenient and
cost-effective compared to sequencing methods. A previous study reported the
presence of turbidity in macroscopic samples (15). However, in our experiments, it was
difficult to visually detect a change in turbidity. Bista et al. reported that the turbidimetric
and colorimetric assessment of the LAMP reaction is subjective when determined by
visual observation alone, as it relies on an individual’s perception of color (16). Since we
are aiming for practical use of the LAMP method in general hospitals and practicing
clinics, we will further analyze if LAMP products can be visually detected without using
special equipment.

Although the ARMS-LAMP method has some advantages over other assays, it also
has limitations in the detection of CLR-resistant M. avium. First, by comparing the results
of drug susceptibility tests, sequence analysis, and ARMS-LAMP analysis, we confirmed
that the CLR-susceptible strains had no mutations at positions 2058 and 2059 and
yielded amplified products only with WTPS in the ARMS-LAMP analysis. In contrast, 1 out
of the 21 CLR-resistant strains was determined to be wild-type based on the results of
sequence and ARMS-LAMP analyses. The sequence analysis of 23S rRNA revealed that
this strain was completely identical to the wild type. The potential reasons for the

April 2024 Volume 12 Issue 4

- 185 -

Microbiology Spectrum

10.1128/spectrum.02339-23 5


https://doi.org/10.1128/spectrum.02339-23

Research Article Microbiology Spectrum

A Flc

5'
FIP primer F2
F3

F3 primer 5 - 3
Bic B2c

s—-—-—-—iaAAl—i l—l l-s'
3= = = ] FTE——A- -
B1 B2 B3

F3c F2c F1ic

5 3 s B3 primer
B1c B3

5w
F2c F1C B2 Q\\ ( [(}'_9 }
J

BIP primer

Bic

F1 B1c 1 B1c
F2 BZ2c B2c

Fic  B1 Fic  B1
A2058G mutant type 2058A wild type

C

FIG 1 Design of A2058G mutant-type mismatch primers for amplification of the clarithromycin (CLR) resistance gene. These primers were used for the
amplification refractory mutation system (ARMS)-loop-mediated isothermal amplification (LAMP) assay. (A) A strand-displacing DNA polymerase extends the
DNA from the forward inner primer (FIP) while detaching the DNA chain. The outer primer F3 binds to its complementary region on the DNA strand to displace
the newly synthesized DNA. An analogous reaction is performed by backward inner primer (BIP) and outer primer B3. a (a = A, wild type; G, A2058G) and 3 (B =
T, wild type; C, A2058G) indicate the point mutations at position 2058 of the 23S rRNA gene. The bold base indicates the mismatched base C (cytosine). (B) The
synthesized DNA strand self-anneals because of the complementary region at both ends and forms 'dumbbell-shaped' structures. (C) After repeated rounds, a

complementary region on the same chain is amplified.
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existence of this strain may be involvement of drug resistance mechanisms other than
mutations in the 23S rRNA gene, such as an efflux pump, and mutations at other
positions in the 23S rRNA gene or at other genomic sites (17). Among the 21 CLR-
resistant strains, the strains AV-27, AV-47, and AV-124 showed discrepancies in the results
of sequence and ARMS-LAMP analyses. These discrepancies in results may be because of
the difficulties in isolation of the M. avium isolates, as mixtures of drug-susceptible and
drug-resistant subpopulations in various proportions were observed in the subpopula-
tion analysis. Indeed, our previous studies have demonstrated that three CLR-resistant M.
avium strains had mixtures of drug-susceptible and drug-resistant subpopulations
present in the samples (8). In the case of the A2058T mutant strains that showed
discrepancies between results of the sequence analysis and the ARMS-LAMP analysis,
the reason for the discrepancies might be nonspecific binding of the primers used in the
ARMS-LAMP analysis, because for both sequence and ARMS-LAMP analyses, the results
of the subpopulation analyses were similar to those obtained at the pre-isolation stage.
Overall, the ARMS-LAMP analysis using MTPS showed no amplification from the wild-
type strains and amplification from all mutant-type strains. Second, the 23S rRNA
sequence of M. intracellulare is slightly different from that of M. avium (18). Therefore, we
were unable to design a primer set corresponding to a clinical isolate of M. intracellulare,
but we will design a primer set for MAC containing M. intracellulare in the future. Third, in
this study, we used the ARMS-LAMP method to analyze a limited number of M. avium
isolates. We were unable to assess the efficacy of the ARMS-LAMP method using the
A2059T genotype because we were unable to isolate the A2059T mutant strains reported
by Griffith et al. (19). The current ARMS-LAMP method alone cannot be used to identify
all CLR-resistant strains because at least 5% of CLR-resistant strains have no mutations at
positions 2058 and 2059 of the 23S rRNA gene (6, 20). Therefore, comprehensive
examination for definitive judgment of resistant strains needs to be conducted by
analyzing the clinical symptoms and the results of the drug susceptibility tests and the
ARMS-LAMP analysis.

In conclusion, we developed a rapid method for detection of macrolide-resistant M.
avium using ARMS-LAMP analysis with real-time turbidimetry that can help in determi-
nation of drug resistance in a few hours. Our results also showed the usefulness of
this method in detection of M. avium clinical isolates. In the future, further studies
are required to enable direct detection of macrolide-resistant M. avium in sputum
from patients who receive long-term multi-drug combination therapy after they are
diagnosed with diseases caused by M. avium.

MATERIALS AND METHODS
Strains

M. avium strain 104 and M. avium ATCC 25291 were used as the reference strains (21). The
clinical isolates used in this study were provided by the Higashinagoya National Hospital
of the National Hospital Organization in Aichi Prefecture, Japan. These clinical isolates
consisted of 30 M. avium strains isolated from patients diagnosed with pulmonary MAC
infection. Notably, all clinical isolates were collected from patients, regardless of their
clinical backgrounds and previous use of antibacterial therapy. Furthermore, only one
strain from each patient was analyzed in this study. All clinical isolates were determined
to be M. avium using the Cobas TagMan mycobacterium test (Roche Diagnostic Systems,
Inc., Basel, Switzerland) (22). M. avium isolates were cultured at 37°C in 5 mL Middlebrook
7H9 liquid medium supplemented with 10% oleic acid/albumin/dextrose/catalase for 1-
3 weeks, and subsequently, 5 mL of the culture medium was transferred to the Myco-
broth liquid medium (Kyokuto Pharmaceuticals Industrial Co., Ltd., Tokyo, Japan).
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Drug susceptibility testing

BrothMIC NTM (Kyokuto Pharmaceutical Industrial Co., Ltd.) was used to determine the
CLR susceptibility of the M. avium strains at pH 7.4, according to the manufacturer’s
instructions (23). BrothMIC NTM is compliant with CLSI M24-A (using the Middlebrook
7H9 medium) (24). The test concentration ranges were 0.03 to 32 mg/L for CLR. Based on
the criteria described in the BrothMIC NTM manual, strains with MICs <8 mg/L for CLR
at pH 7.4 were considered susceptible to CLR, and those with MICs =32 mg/L at this pH
were considered resistant to CLR. Similarly, according to compliance with CLSI M24 3rd
ed and CLSI M24S 2nd ed (using Muller-Hinton medium), strains with MIC <8 mg/L were
considered susceptible to CLR, and those with MICs =32 mg/L were considered resistant
to CLR (6, 25). The effect of the medium on the macrolide susceptibility results of MAC is
within an acceptable range (26).

Analysis of the DNA sequence corresponding to domain V of 23S rRNA

DNA of the 21 CLR-resistant strains and the nine CLR-susceptible strains (as determined
by the drug susceptibility test results) was extracted using the illustra bacteria genomic-
Prep Mini Spin Kit (GE Healthcare UK Ltd., Buckinghamshire, England), according to
the manufacturer’s instructions. The quantity of extracted DNA was estimated using
a NanoDrop spectrophotometer (Thermo Fisher Scientific, Tokyo, Japan). PCR was
performed to amplify the region corresponding to domain V of the 23S rRNA gene,
according to the method described by Jamal et al. (27). The PCR mixture (50 pL) was
composed of 2 uL DNA solution, 1 U AmpliTaq Gold DNA polymerase (Applied Biosys-
tems, Foster City, CA, USA), 5 uL of 2 mM deoxynucleoside triphosphate mixture, 5 pL
of 10x PCR buffer, and 1 pL each of the primers (23SF |, 5-TTTAAGCCCCAGTAAACGG
C-3% 23 SR Ill, 5-GTCCAGGTTGAGGGAACCTT-3") at 25 mM. The reactions were carried
out using a GeneAmp 9700 PCR system (Applied Biosystems). The PCR conditions were
as follows: 1 cycle at 95°C for 10 min; 35 cycles at 94°C for 1 min, 55°C for 1 min,
and 72°C for 1 min; and 1 cycle at 72°C for 7 min. The PCR products were electrophor-
esed along with the Tracklt 50 bp DNA ladder (Invitrogen, San Diego, CA, USA) on 2%
agarose gel (Invitrogen). The resulting PCR products were purified using a GenElute PCR
Clean-Up kit (Sigma-Aldrich, St Louis, MO, USA), and sequence analysis was performed
using the same primers as those used for the PCR. The resulting nucleotide sequences
were compared with the genomic sequence data available for the M. avium strain
104 (GenBank accession number NC008595). Alignment of the nucleotide sequences
was performed using CLC Genomics Workbench version 12.0.3 (QIAGEN NV, Hilden,
Germany).

Amplification refractory mutation system (ARMS)-loop-mediated isothermal
amplification (LAMP) method

DNA of the 21 CLR-resistant strains and the 9 CLR-susceptible strains (as determined
by the drug susceptibility test results) was extracted using the illustra bacteria
genomicPrep Mini Spin Kit (GE Healthcare UK Ltd.), according to the manufactur-
er's instructions. Primers (armslampclr-F3, armslampclr-B3, armslampclr-FIP, armslampclr-
BIPaa, armslampclr-BlPca, armslampclr-BIPga, armslampclr-BIPta, armslampclr-BIPac, and
armslampclr-BIPga) were designed using PrimerExplorer version 5 software (https://
primerexplorerjp/) based on the nucleotide sequence of 23S rRNA of the M. avium
strain 104 (GenBank accession number NC008595) (Table 3; Fig. 2). For the detection
of wild-type strains with sequences 2058A and 2059A, common primers (armslampclr-
F3, armslampclr-B3, and armslampclr-FIP) and armslampclr-BIPaa (WTPS) were used for
amplification. For the detection of A2058G mutant-type strains, common primers and
armslampclr-BIPga (GA-MTPS) were used (Fig. 1). For the detection of other muta-
tions at positions A2058C, A2058T, A2059C, and A2059G, common primers, in addi-
tion to armslampclr-BIPca (CA-MTPS), armslampclr-BIPta (TA-MTPS), armslampclr-BIPac
(AC-MTPS), and armslampclr-BIPag (AG-MTPS), respectively, were used.
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TABLE 3 Primer sequences used for ARMS-LAMP analysis®

Primer Sequence (5’ = 3) Length (bp)
armslampclr-F3 TCGGGTAAGTTCCGACCTG 19
armslampclr-B3 CGACTCCACACAAACTGGC 19
armslampclr-FIP? ACTCGTAGTGCAATTTCGCCGA-CGAATGGCGTAACGACTTCC 42
armslampclr-BIPa a’ AACGACCCCGGGACCTTCACT-GTGCTTCAAAGTCTCCCACC 41
armslampclr-Bl Pca’ CACGACCCCGGGACCTTCACT-GTGCTTCAAAGTCTCCCACC 41
armslampclr-Bl Pgab GACGACCCCGGGACCTTCACT-GTGCTTCAAAGTCTCCCACC 41
armslampclr-Bl Pta’ TACGACCCCGGGACCTTCACT-GTGCTTCAAAGTCTCCCACC 41
armslampclr-BIPa ¢ ACCGACCCCGGGACCTTCACT-GTGCTTCAAAGTCTCCCACC 41
armslampclr-Bl Pag" AGCGACCCCGGGACCTTCACT-GTGCTTCAAAGTCTCCCACC 41

“The FIP primer consists of F2 and the complementary strand of F1 (F1c).

®The BIP primer consists of B2 and the complementary strand of B1 (B1c).

‘Underlined nucleotides show the location of each single-nucleotide polymorphism in 23S rRNA.
INucleotides represented in bold letters show the locations of deliberate mismatches for ARMS.
bp, base pair; F3 and B3, outer primers; FIP and BIP, inner primers.

ARMS-LAMP reactions were performed using a Loopamp DNA Amplification Kit
(Eiken Chemical, Tokyo, Japan). The reaction mixtures were prepared by adding the
following reaction components to 3 pL of the DNA solution: 1 pL each of the inner
primers (armslampclr-FIP and armslampclr-BIP) at 1.6 uM; 1 pL each of the outer primers
(armslampclr-F3 and armslampclr-B3) at 0.2 uM; 1 pL of Bst DNA Polymerase (Eiken

1935 1945 1955 1965 1975 1985 1995 2005
M. avium strain 104 GAAATTCCTT GTCGGGTAAG TTCCGACCTG| CACGAATGGC GTAACGACTT CCCAACTGTC TCAACCATAG ACTCGGCGAA
. ctttaaggaa cagcccattc aaggctggac| gtigcttaccg cattgctgaa gggttgacag agttggtatc tghgccgcett
PP GAAATTCCTT GTCGGGTAAG TTCCGACCTG| CACGAATGGC GTAACGACTT CCCAACTGTC TCAACCATAG ACGTCGGCGAA
Clinical isolate (A2058C)
ctttaaggaa camgcccattc aaggctggac| gtgcttaccg cattgctgaa ggdgttgacag agttggtatc tgpgccgett
PP GAAATTCCTT GTCGGGTAAG TTCCGACCTG| CACGAATGGC GTAACGACTT CCCAACTGTC TCAACCATAG AGTCGGCGAA
Clinical isolate (A2058G)
ctttaaggaa cagcccattc aaggctggac| gtgcttaccg cattgctgaa ggdgttgacag agttggtatc tgpgccgett
L GAAATTCCTT GTCGGGTAAG TTCCGACCTG| CACGAATGGC GTAACGACTT CCCAACTGTC TCAACCATAG AGTCGGCGAA
Clinical isolate (A2058T)
ctttaaggaa cpgcccattc aaggectggac| gtgcttaccg cattgctgaa gggttgacag agttggtatc tgpgccgett
L GAAATTCCTT GTCGGGTAAG TTCCGACCTG| CACGAATGGC GTAACGACTT CCCAACTGTC TCAACCATAG AGTCGGCGAA
Clinical isolate (A2059C)
ctttaaggaa cpgcccattc aaggctggac| gtgcttaccg cattgctgaa ggdgttgacag agttggtatc tgpgccgett
PP GAAATTCCTT GTCGGGTAAG TTCCGACCTG| CACGAATGGC GTAACGACTT CCCAACTGTC TCAACCATAG AQTCGGCGAA
Clinical isolate (A2059G)
ctttaaggaa cpgcccattc aaggctggac| gtgcttaccg cattgctgaa gggttgacag agttggtatc tgpgccgett
TCGGGTAAG TTCCGACCTG CGAATGGC GTAACGACTT CC agccgett
F3 F2 Flc
2015 2025 2035 2045 2055 2065 2075 2085

ATTGCACTAC GAGTAAAGAT GCTCGTTACG CGCGGCAGGA CGAPAAGACC CCGGGACCTT CACTACAACT TGGTATTGGT
taacgtgatg ctcdtttcta cgagcaatgc gcgccgtcct gctitttctgg ggccctggaa gtgdtgttga accataacca
ATTGCACTAC GAGTAAAGAT GCTCGTTACG CGCGGCAGGA CGACAAGACC CCGGGACCTT CACTACAACT TGGTATTGGT
taacgtgatg ctcatttcta cgagcaatgc gcgccgtcct getgttctgg ggccctggaa gtgdtgttga accataacca
ATTGCACTAC GAGTAAAGAT GCTCGTTACG CGCGGCAGGA CGAGAAGACC CCGGGACCTT CACTACAACT TGGTATTGGT
taacgtgatg ctcatttcta cgagcaatgc gcgccgtcct gcticttctgg ggccctggaa gtgdtgttga accataacca
ATTGCACTAC GAGTAAAGAT GCTCGTTACG CGCGGCAGGA CGATAAGACC CCGGGACCTT CACTACAACT TGGTATTGGT
taacgtgatg ctcatttcta cgagcaatgc gcgccgtecct gcetiattctgg ggccctggaa gtgdtgttga accataacca
ATTGCACTAC GAGTAAAGAT GCTCGTTACG CGCGGCAGGA CGAACAGACC CCGGGACCTT CACTACAACT TGGTATTGGT
taacgtgatg ctcatttcta cgagcaatgc gcgccgtcct gcettgtctgg ggccctggaa gtgdtgttga accataacca
ATTGCACTAC GAGTAAAGAT GCTCGTTACG CGCGGCAGGA CGAAGAGACC CCGGGACCTT CACTACAACT TGGTATTGGT
taacgtgatg ctcatttcta cgagcaatgc gcgccgtecct gcetitctctgg ggccctggaa gtgdtgttga accataacca
taacgtgatg ctca AACGACC CCGGGACCTT CACT
Blc
2095 2105 2115 2125 2135 2145 2155 2165
GTTCGGTACG GTTTGTGTAG GATAGGTGGG AGACTTTGAA GCACAGAGGC CAGTTTGTGT GGAGTCGTTG TTGAAATACC
caagccatgc caaacacatc ctatccaccc tctgaaactt cgtgtctgcg gtcaaacaca cctcagchac aactttatgg
GTTCGGTACG GTTTGTGTAG GATAGGTGGG AGACTTTGAA GCACAGAGGC CAGTTTGTGT GGAGTCGTTG TTGAAATACC
caagccatgc caaacacatc ctatccaccc tctgaaactt cgtgtctgcg gtcaaacaca cctcagchac aactttatgg
GTTCGGTACG GTTTGTGTAG GATAGGTGGG AGACTTTGAA GCACAGACGC CAGTTTGTGT GGAGTCGTTG TTGAAATACC
caagccatgc caaacacatc ctatccaccc tctgaaactt cgtgtctgcg gtcaaacaca cctcagcaac aactttatgg
GTTCGGTACG GTTTGTGTAG GATAGGTGGG AGACTTTGAA GCACAGAGGC CAGTTTGTGT GGAGTCGTTG TTGAAATACC
caagccatgc caaacacatc ctatccaccc tctgaaactt cgtgtctgcg gtcaaacaca cctcagcaac aactttatgg
GTTCGGTACG GTTTGTGTAG GATAGGTGGG AGACTTTGAA GCACAGAGGC CAGTTTGTGT GGAGTCETTG TTGAAATACC
caagccatgc caaacacatc ctatccaccc tctgaaactt cgtgtctgicg gtcaaacaca cctcagcaac aactttatgg
GTTCGGTACG GTTTGTGTAG GATAGGTGGG AGACTTTGAA GCACAGAQGC CAGTTTGTGT GGAGTCGTTG TTGAAATACC
caagccatgc caaacacatc ctatccaccc tctgaaactt cgtgtctgicg gtcaaacaca cctcagchac aactttatgg
ccaccc tctgaaactt cgtg cg gtcaaacaca cctcagc
B2 B3

M. avium strain 104
Clinical isolate (A2058C)
Clinical isolate (A2058G)
Clinical isolate (A2058T)
Clinical isolate (A2059C)

Clinical isolate (A2059G)

M. avium strain 104
Clinical isolate (A2058C)
Clinical isolate (A2058G)
Clinical isolate (A2058T)
Clinical isolate (A2059C)

Clinical isolate (A2059G)

FIG 2 Alignment of the nucleotide sequences of the macrolide binding site at the domain V region of the 23S rRNA gene. The
constructed LAMP primer sets are shown in solid boxes (forward primers, F1-3) and dashed boxes (backward primers, B1-3).
Bold letters indicate the point mutations at positions 2058 and 2059 of the 23S rRNA gene.
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Chemical); 12.5 pL of the reaction mix; the final volume was made up to 25 L using
sterile distilled water. The ARMS-LAMP reaction mixtures were incubated at 63°C for
60 min and then heated at 80°C for 5 min to stop the reaction. Therefore, the total time
required from DNA extraction to confirmation of reaction results is approximately 3 h
or less. The Loopamp Control Set DNAs (Eiken Chemical) provided in the kit were used
as negative and positive controls for the reaction. The LAMP reaction was evaluated
using the Loopamp Real-time Turbidimeter (LoopampEXIA; Eiken Chemical Tokyo, Japan)
that measures turbidity at 650 nm every 6 seconds and automatically plots the slope
(Fig. S1). LAMP reactions were evaluated using a Loopamp real-time turbidity meter A
positive reaction was defined as turbidity above a threshold value of 0.1 within 60 min
of the beginning of the reaction. Furthermore, the LAMP products were electrophoresed
on 2.0% agarose gel and stained with ethidium bromide to confirm the results of the
reaction (Fig. S2).

Subpopulation analysis of strains that showed discrepancies between results
of DNA sequence and ARMS-LAMP analyses

Strains AV-27, AV-47, and AV-124, which showed a discrepancy between results of the
23S rRNA gene sequence analysis and the ARMS-LAMP analysis, and strains AV-207 and
AV-392 of the A2058T mutant-type isolates, which showed amplification with WTPS and
TA-MTPS, were further investigated by subpopulation analysis. The strains were cultured
at 37°C for 1-3 weeks in 5 mL of Middlebrook 7H9 liquid medium supplemented with
10% oleic acid/albumin/dextrose/catalase and were plated onto Middlebrook 7H11C
agar (Nippon Becton Dickinson Co., Ltd., Tokyo, Japan). Three of the colonies were
randomly selected and cultured in Mycobroth liquid medium (Kyokuto Pharmaceuticals).
The cultures were again subjected to drug susceptibility tests using BrothMIC NTM. The
analysis of the DNA sequence corresponding to domain V of the 23S rRNA gene and
ARMS-LAMP was conducted as described in the previous paragraphs.
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Abstract

Rationale: Patients with noncavitary nodular bronchiectatic
(NB) Mycobacterium avium complex pulmonary disease
(MAC-PD) are treated intermittently three times per week,
although no randomized controlled trials have been conducted
comparing three times weekly with daily therapy.

Obijectives: To assess the tolerability, safety, and efficacy of
intermittent versus daily treatment in patients with previously
untreated noncavitary NB MAC-PD.

Methods: In an open-label study, patients were randomly
assigned to the intermittent therapy group receiving
clarithromycin 1,000 mg, rifampicin 600 mg, and ethambutol

25 mg/kg (maximum 1,000 mg) three days per week or the daily
therapy group receiving clarithromycin 800 mg, rifampicin

450 mg, and ethambutol 15 mg/kg (maximum 750 mg) daily for
1 year. The primary endpoint was the proportion of patients
requiring modification of the initial treatment regimen.

Results: Twenty-one Japanese hospitals participated in the
study, enrolling 141 patients between May 2019 and December
2021. The full analysis set included 138 participants (intermittent
therapy = 70; daily therapy = 68). There were no significant
differences between the intermittent and daily therapy groups in

1222 and Kenji Ogawa'

terms of the regimen modification rate (20.0% [14 of 70] vs.
33.8% [23 of 68]; adjusted odds ratio, 0.48; 95% confidence
interval, 0.22 to 1.05; P=0.06) or culture conversion (70.3% vs.
80.0%; P =0.53), time to culture conversion (28.0 vs. 28.5 d;
P=0.89), improvement in chest CT findings (60.9% vs. 71.0%;
P=0.30), or clarithromycin resistance development (1.4% vs. 0%;
P=1.00). Elevated aspartate aminotransferase (16.9% vs. 41.2%;
P=0.003) and alanine aminotransferase (18.3% vs. 44.1%;
P=0.002) were more common in the daily treatment group,
whereas elevated bilirubin (11.3% vs. 1.5%; P=0.04) and
dysgeusia (14.1% vs. 1.5%; P=0.01) were more common in the
intermittent treatment group. The daily treatment group
exhibited a greater absolute change in the 36-Item Short Form
Health Survey physical aspect score (—2.5 points) than the
intermittent treatment group (2.1 points) (P=0.01).

Conclusions: Intermittent treatment was not significantly better
tolerated than daily treatment for noncavitary NB MAC-PD.
However, further studies with larger numbers of patients are
needed.

Clinical trial registered with https://jrct.mhlw.go.jp/en-top
(jRCTSO3 1190008).

Keywords: nontuberculous mycobacteria; intermittent
treatment; adverse drug reaction; health-related quality of life
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The prevalence and incidence of
nontuberculous mycobacterial pulmonary
disease (NTM-PD) are increasing worldwide,
including in Japan (1-5). Although there is
geographic diversity in the distribution of
NTM-PD species, the Mycobacterium avium
complex (MAC) is the most common species
in most countries (1, 2, 6). On the basis of
radiological findings, Mycobacterium avium
complex pulmonary disease (MAC-PD) can
be classified as fibrocavitary, cavitary nodular
bronchiectatic (NB), or noncavitary NB

form (7). The current standard of care for
MAC-PD is macrolide-based multidrug
antimicrobial therapy with different
recommended treatment regimens,
depending on the clinical phenotype. For
noncavitary NB MAC-PD, a macrolide, as
well as rifampicin (RIF) and ethambutol
(EMB), are administered orally three times
per week intermittently; for cavitary or
severe/advanced MAC-PD, daily oral
administration of the three drugs in
combination with parenteral streptomycin or
amikacin is recommended (8, 9).

The potential benefits of intermittent
treatment for MAC-PD include reduced
drug costs, fewer drug side effects,
and improved tolerability. Several
noncomparative studies have reported
reasonable outcomes with thrice weekly
macrolide-based regimens (10-12). Two

large retrospective studies have shown that
intermittent treatment is better tolerated
than daily treatment, with similar efficacy in
patients with noncavitary NB MAC-PD
(13, 14). Furthermore, intermittent therapy
has been reported to be associated with a
decreased risk of EMB-induced optic
neuropathy with respect to daily therapy
(14, 15), leading to a lower discontinuation
rate for EMB (14), which is considered an
essential drug for preventing macrolide
resistance (16, 17). According to these
findings, the 2020 American Thoracic
Society (ATS)/European Respiratory
Society/European Society of Clinical
Microbiology and Infectious
Diseases/Infectious Diseases Society of
America (IDSA) guidelines suggest
intermittent treatment in patients with
noncavitary NB MAC-PD, except for those
with severe disease, although as a conditional
recommendation with very low certainty in
estimates of effect (8).

By comparison, the recommended
treatment for MAC-PD in Japan has long
been the daily administration of three
drugs—clarithromycin (CLR), RIF, and
EMB—regardless of disease type, including
noncavitary NB MAC-PD, with no mention
of intermittent treatment (18). Thus, the
standard of care for NB MAC-PD differs
between Japan and other countries.

In addition, no randomized controlled

trials have been conducted to compare
intermittent and daily treatments. This

study was designed to evaluate the usefulness
of intermittent therapy by comparing

the tolerability, safety, and efficacy of
intermittent and daily treatment in patients
with noncavitary NB MAC-PD.

Methods

Design

We conducted a multicenter, prospective,
open-label, randomized, parallel-group
superiority trial registered in the Japan
Registry of Clinical Trials (identifier
jRCTs031190008). The study methodology
was described previously (19).

This study involved 21 Japanese
hospitals. We enrolled previously untreated
patients with noncavitary NB MAC-PD
diagnosed according to the 2007 ATS/IDSA
statement (20), aged =20 and <80 years,
weighing at least 30 kg, and with Eastern
Cooperative Oncology Group performance
status score 0-2; these patients were clinically
deemed suitable for treatment by the
attending physician. We excluded patients
with CLR resistance, HIV positivity,
disseminated MAG, cystic fibrosis, and active
tuberculosis, as well as pregnant women.

This article has a data supplement, which is accessible at the Supplements tab.

Artificial Intelligence Disclaimer: We used an artificial intelligence (Al) language model (Claude) to assist with English-language editing and
proofreading of the manuscript. The Al was used solely to improve grammar, clarity, and writing style. All scientific content, data analysis, and
intellectual contributions were generated by the authors without Al assistance.
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Intervention

Participants were randomly assigned

1:1 to intermittent or daily treatment.
Randomization was adjusted by medical
institution, sputum culture results, and body
weight (<50 kg, =50 kg). There was no
group assignment masking to patients or
investigators.

The intermittent therapy group received
1,000 mg CLR in divided doses, 600 mg RIF,
and 25 mg/kg EMB (maximum 1,000 mg)
thrice weekly. The daily therapy group
received 800 mg CLR in divided doses,

450 mg RIF, and 15 mg/kg EMB (maximum
750 mg) daily.

Subjects were observed for 12 months.
Sputum mycobacterial culture, laboratory
testing, and ophthalmological examination
were performed at 1, 3, 6, 9, and 12 months
during treatment. Culture conversion
was defined as three consecutive negative
culture results and maintenance until
Month 12. Chest radiography and
computed tomography (CT) findings,
antiglycopeptidolipid (GPL)-core IgA
antibodies, and health-related quality of life
(HRQL) scores (St. George’s Respiratory
Questionnaire [SGRQ)] [21] and 36-Item
Short Form Health Survey [SF-36] [22]) were
evaluated at baseline and after 12 months of
treatment. Two blinded central evaluators
independently classified changes in CT
findings as improved, unchanged, or
worsened. All participants recorded their
medication status in a logbook at home.
Medication adherence was calculated from
these patient logbooks as the percentage of
planned doses that were actually consumed.

The attending physician chose the
treatment after regimen modification.
Patients who changed their regimen
underwent predefined sputum examinations
and imaging, HRQL, and medication
assessments 12 months after treatment
initiation.

Endpoint

The primary endpoint was the proportion
of patients requiring initial regimen
modification. This outcome was defined as a
reflection of regimen change because of
inefficacy or safety issues. The secondary
endpoints were adverse events, sputum
culture conversion, time to culture
conversion, improvement in chest CT
findings, HRQL improvement, and CLR
resistance development. The exploratory
endpoint was improvement in the anti-GPL
core IgA antibody titer.

To ensure patient safety, we established
predetermined criteria for drug dose
reduction and discontinuation. If patients
could return to their original regimen within
28 days, this was not considered a regimen
modification. Table E1 in the data
supplement shows both the criteria for drug
dose reduction/discontinuation and the
criteria for regimen modification, which was
our primary endpoint.

Statistical Analysis

The sample size was set at 70 patients in each
group (140 total; see data supplement for
calculations). Efficacy was analyzed primarily
using the full analysis set (FAS). Data from
the per-protocol set for the primary endpoint
were also analyzed. For safety, the analysis
population consisted of all enrolled patients,
excluding those who did not receive study
treatment. For more details, please refer to
the data supplement.

For the primary endpoint analysis,
logistic regression analysis adjusted for
allocation factors (excluding institution) was
used to compare groups. For other analyses,
dichotomous variables were compared using
Fisher’s exact probability test,and HRQL
data were analyzed using analysis of
covariance with baseline values as covariates.
Treatment duration was not normally
distributed and was compared using the
Wilcoxon rank-sum test. A two-sided
P value <0.05 indicated statistical
significance.

Results

Patient Characteristics

One hundred forty-one patients were
enrolled and randomized to the intermittent
therapy group (n = 71) or daily therapy
group (n = 70) between May 2019 and
December 2021. In the intermittent therapy
group, all patients started the treatment, and
14 patients discontinued the regimen. In the
daily therapy group, 2 patients withdrew
from the study before beginning treatment,
and 23 of the 68 patients who started
treatment discontinued the regimen.

All patients who started treatment were
included in the safety analysis population
(71 in the intermittent therapy group and
68 in the daily therapy group). The FAS
consisted of 70 patients in the intermittent
therapy group and 68 patients in the daily
therapy group; 1 patient who was found
to be ineligible for inclusion in the study
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population was excluded from the safety
analysis (Figure 1).

The subjects were predominantly female
(81% female) and had a mean age of
68.0 * 8.1 years. Table 1 shows that the
baseline characteristics of the FAS patients
were well balanced between the groups with
respect to factors that could affect study
outcomes, including age, sex, lung function,
and sputum smear results.

Tolerability

The proportion of patients requiring a
change in the initial treatment regimen, the
primary endpoint, was 20.0% (14 of 70) in
the intermittent therapy group and 33.8%
(23 of 68) in the daily therapy group, but the
difference was not statistically significant
(adjusted odds ratio, 0.48; 95% confidence
interval [CI], 0.22 to 1.05; P=0.06).
Moreover, the per-protocol set analysis
showed no significant difference between
the two groups (Figure 2). There was no
statistically significant difference between the
two groups regarding the details of changes
from the initial treatment regimen in the
FAS (Table 2).

All antimicrobial agents were
discontinued in 25% of cases in the daily
therapy group compared with 12.9% in the
intermittent therapy group, but this
difference was not statistically significant.
The reasons for discontinuation of all
antimicrobial agents (with overlap) were skin
disorders in six cases; liver dysfunction in
four cases; anorexia in three cases; fatigue in
two cases; fever in two cases; diarrhea, optic
neuropathy, and calf pain in one case each;
and withdrawal of patient consent in one
case in the daily therapy group and reduced
platelet count in three cases; fever in two
cases; and diarrhea, skin disorders, optic
neuropathy, and lung infection in one case
each in the intermittent therapy group.

Table E2 details the adverse events
leading to regimen modifications and their
timing. Kaplan-Meier curves illustrate the
time to regimen modification for both
intermittent and daily therapy groups
(Figure E1). Post hoc analysis revealed that
patients in the daily treatment group
underwent modifications to their initial
treatment regimen earlier than those in
the intermittent treatment group (stratified
log-rank test; P=0.03). All patients in
both groups maintained medication
adherence above 75%, except for those
who discontinued treatment early. Twelve
months after the start of treatment, the rates
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Enrolled (n=141) }

!

Randomized (n=141)

!

]

[ Assigned to intermittent therapy (n=71) ] [ Assigned to daily therapy (n=70) ]
—D[ Withdrawal by subject (n=2)* J
[ Received intermittent therapy (n=71) ] [ Received daily therapy (n=68) ]

Discontinue study treatment (n=14)
Adverse event, n=13
Discontinue by subject, n=11

|

-

h 4

Discontinue study treatment (n=23)
Adverse event, n=20
Physician decision, n=1%
Progressive disease, n=17%
Withdrawal by subject, n=1"

y

Safety analysis set (n=71)
excluded (n=0)
Full analysis set (n=70)

excluded (n=1), ineligible for inclusion criterial

Per protocol set (n=66)
excluded (n=5)

ineligible for inclusion criteria, n=11
correction of allocation adjustment factor, n=4"

Safety analysis set (n=68)
excluded (n=2), dropout before study treatment initiation*
Full analysis set (n=68)

excluded (n=2), dropout before study treatment initiation*

Per protocol set (n=67)

excluded (n=3)

dropout before study treatment initiation, n=2*
pregnancy during study treatment, n=1%

Figure 1. Patient flowchart. A flowchart demonstrating patient inclusion and exclusion over the course of the study. *Two subjects agreed to
participate and were assigned to the daily therapy group but retracted their consent before starting therapy. TOne subject discontinued study
treatment but was observed until the end of the study period. *One subject became pregnant during study treatment. SOne subject had
pneumothorax requiring surgery, resulting in resection of a bulla and the main foci of the Mycobacterium avium complex pulmonary disease.
lone subject discontinued study treatment and withdrew from the study. TOne subject was later determined to have a cavity on pretreatment
chest computed tomography by two physicians blinded to the allocation group responsible for the central judgment of the images. **The
pretreatment sputum culture results, which were used as one of the allocation adjustment factors, were corrected after allocation in four

subjects.

of CLR, RIF, EMB, aminoglycoside,
fluoroquinolone, azithromycin, and rifabutin
use did not differ significantly between the
two groups (Tables 2 and E3).

Efficacy

As shown in Table 3, the secondary endpoint
of sputum culture conversion rate was 70.3%
(26 of 37) in the intermittent therapy group
and 80.0% (24 of 30) in the daily therapy
group; the difference was not significant
(percentage difference, —9.7; 95% CI, —33.0
to 14.3; P=0.53). The proportion of patients
who achieved culture conversion without
regimen change was 51.4% (19 of 37) in

the intermittent therapy group and 60.0%
(18 of 30) in the daily therapy group, for a
percentage difference of —8.6% (95% CI,
—32.0to 15.6; P=0.65). The median
(interquartile range) number of days to
culture conversion was 28.0 (27-36) days in
the intermittent therapy group and 28.5
(27-34) days in the daily therapy group
(P=0.89) (Table E4). Among patients who
were sputum smear-positive at baseline,

the culture conversion rates were 71.4%

1186

(15 of 21) and 70.0% (7 of 10) in the
intermittent and daily treatment groups,
respectively (Table E5).

The percentage of subjects rated as
having improved chest CT findings by the
two blinded central evaluators was 60.9%

(42 of 69) in the intermittent therapy group
and 71.0% (44 of 62) in the daily therapy
group (percentage difference, —10.1; 95% CI,
—26.9 to 7.0; P=0.30).

Concerning HRQL, there was no
difference in the change from the baseline
SGRQ score at 12 months between the two
groups. However, the changes in the physical
component summary score on the SF-36
were significantly greater in the daily therapy
group (2.1 points) than in the intermittent
therapy group (—2.5 points) (difference,
—4.4;95% CI, —7.8 to —1.0; P=0.01)

(Table 4).

The prevalence of CLR resistance was
1.4% (1 of 70) in the intermittent therapy
group and 0% (0 of 68) in the daily therapy
group, but the difference between the groups
was not significant (percentage difference,
1.4; 95% CI, —15.5 to 18.3; P=1.00).

The change in the anti-GPL IgA antibody
titer before and after treatment was not
significantly different between the two
groups (Table E6).

Safety

No unknown serious adverse events (SAEs)
were attributable to the study treatment.
SAE:s possibly related to the study medicine
included fever in one patient, oral mucosal
erythema in one patient, liver dysfunction in
one patient, lung infection in one patient,
and a decreased platelet count in two
patients; all patients recovered. There was no
difference in the incidence of SAEs between
the two groups (8.5% in the intermittent
therapy group and 5.9% in the daily therapy
group; P=0.80).

Regarding liver function tests, elevated
aspartate aminotransferase (AST) and
alanine aminotransferase (ALT) levels were
more common in the daily therapy group
than in the intermittent therapy group (AST,
16.9% in the intermittent therapy group and
41.2% in the daily therapy group; P =0.003;
ALT, 18.3% in the intermittent therapy
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Table 1. Baseline characteristics in the full analysis cohort

Intermittent Therapy

Variable

Age, yr, mean (SD)
Sex, female, n (%)
BMI, kg/m?, mean (SD)
Etiologic pathogen, n (%)
Mpycobacterium avium
Mycobacterium intracellulare
MAC
Smoking status, n (%)
Never smoker
Former or current smoker
History of TB treatment, n (%)
Underlying disease, n (%)
Malignancy
Diabetes mellitus
Chronic hepatic disease
COPD
Sputum smear positivity, n (%)
Sputum culture positivity, n (%)
Basis of diagnosis, n (%)
Sputum
Bronchoscopy
Time from diagnosis to enroliment,
mo, median (IQR)
Symptoms, n (%)
Cough
Sputum
Body weight loss
mMRC dyspnea scale
0

1
Spirometry, mean (SD)
FVC, % predicted
FEV4, % predicted

FEV4/FVC, %

Daily Therapy

(n=70) (n=68)

68.1 (8.3) 67.9 (8.0)
52 (74.3) 60 (88.2)
20.18 (2.61) 20.54 (3.12)
41 (58.6) 40 (58.8)
25 (35.7) 19 (27.9)
4 (5.7) 9 (13.2)
53 (75.7) 56 (82.4)
17 (24.3) 12 (17.6)

7 (10.0) 6 (8.8)

3 (4.3) 1(1.5)

4 (5.7) 6 (8.8)

0 (0) 0 (0)

1(1.4) 1 (1.5)
25 (35.7) 17 (25.0)
44 (62.9) 42 (61.8)
37 (52.9) 40 (58.8)
33 (47.1) 28 (41.2)
1.7 (1=7) 2.8 (1-17)
36 (51.4) 39 (57.4)
36 (51.4) 39 (57.4)

3 (4.3) 3 (4.4)
56 (80.0) 63 (92.6)

14 (20.0) 5 (7.4)
99.0 (18.0) 101.1 (17.7)
91.8 (20.5) 98.1 (17.2)

74.3 (10.4) 76.5 (8.0)

Definition of abbreviations: BMI = body mass index; COPD = chronic obstructive pulmonary
disease; FEV4 = forced expiratory volume in 1 second; FVC = forced vital capacity; IQR =
interquartile range; MAC = Mycobacterium avium complex; mMRC = modified Medical

Research Council; TB = tuberculosis.

group and 44.1% in the daily therapy group;
P=0.002). Conversely, the percentage of
patients with elevated blood bilirubin was
greater in the intermittent therapy group
than in the daily therapy group (11.3% in the
intermittent therapy group and 1.5% in the
daily therapy group; P=0.04).

The incidence of dysgeusia was also
greater in the intermittent therapy group

than in the daily therapy group (14.1% in
the intermittent therapy group and 1.5% in
the daily therapy group; P=0.01). The
incidences of optic neuropathy, anorexia,
nausea, vomiting, diarrhea, skin disorders,
leukopenia, thrombocytopenia, oral
mucositis, and peripheral sensory
neuropathy were not significantly different
between the two groups (Table 5).

Discussion

To our knowledge, this is the first
randomized controlled trial comparing
intermittent versus daily treatment for
noncavitary NB MAC-PD. The study failed
to demonstrate that intermittent treatment
was better tolerated than daily treatment.
Although the difference between intermittent
and daily treatment was not found to be
statistically significant, the findings suggest
that there may be a potentially important
difference.

The tolerability of the intermittent
therapy group in this study was acceptable
and comparable with the results of previous
studies (13, 14). Although not reaching
statistical significance, the adjusted odds ratio
of regimen modification was approximately
0.5, a substantial effect size. Moreover, early
modification of the initial regimen, early
discontinuation of all drugs, discontinuation
of EMB, and the proportion of patients
receiving three drugs after 12 months
were consistently more favorable in the
intermittent therapy group. These findings
suggest that intermittent treatment, which
avoids unfavorable aspects of regimen
modification, is a reasonable option for
patients.

Analysis of regimen modifications
showed that discontinuation of all
antimicrobial agents was the predominant
form of adjustment. Dose reduction was
notably absent in the daily treatment group
and occurred in only a few cases in the
intermittent treatment group. When RIF
discontinuation occurred, it was almost
always accompanied by discontinuation of
all other medications (9 out of 10 cases in
the intermittent therapy group and 17 out
of 18 cases in the daily therapy group).
Throughout the study, no patients required
switching between daily and intermittent
treatment regimens. Although we established
predetermined safety criteria for reducing or
discontinuing medications (Table E1), we
did not specify criteria for switching between

Intermittent Daily Risk difference
Analysis sets therapy therapy (95% CI) Adjusted OR (95% CI) p value
Full analysis set 14/70 (20.0%) 23/68 (33.8%) -13.8(-29.9, 3.0) _ 0.48 (0.22, 1.05) 0.06
Per protocol set  14/66 (21.2%) 22/67 (32.8%) -11.6 (-28.5, 5.0) —_— 0.53 (0.24,1.18)  0.12
0.1 03 05 10 20 40 80
Figure 2. Initial regimen modification. Cl = confidence interval; OR = odds ratio.
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Table 2. Treatment in both groups in the full analysis set

Intermittent Therapy (n=70) Daily Therapy (n=68) P Value
Duration of initial treatment regimen, d, median (IQR) 362.5 (345-370) 356.5 (72-370) 0.19
Initial treatment regimen modification
Total 14 (20.0%) 23 (33.8%) 0.06
Early discontinuation of all antimicrobial agents 9 (12.9%) 17 (25.0%) 0.11
Dose increases of any drug 0 (0.0%) 0 (0.0%) —
Dose reduction or discontinuation
Dose reduction of CLR 2 (2.9%) 0 (0.0%) 0.51
Discontinuation of CLR 10 (14.3%) 17 (25.0%) 0.17
Dose reduction of RIF 1 (1.4%) 0 (0.0%) 1.00
Discontinuation of RIF 10 (14.3%) 18 (26.5%) 0.12
Dose reduction of EMB 1 (1.4%) 0 (0.0%) 1.00
Discontinuation of EMB 10 (14.3% 20 (29.4%) 0.051
Total 14 (20.0%) 21 (30.9%) 0.20
Additional therapy other than the study treatment
Aminoglycoside 0 (0.0%) 1 (1.5%) 0.99
Fluoroquinolone 0 (0.0%) 0 (0.0%) —
AZM 1 (1.4%) 0 (0.0%) 1.00
RBT 0 (0.0%) 1 (1.5%) 0.99
Operation 0 (0.0%) 1 (1.5%) 0.99
Total 1 (1.4%) 3 (4.4%) 0.60
Change from daily to intermittent or from intermittent to daily therapy
0 (0.0%) 0 (0.0%) —
Antimicrobial agents used 12 mo after treatment initiation
n=70" n=61"
CLR 63 (90.0%) 52 (85.2%) 0.57
RIF 62 (88.6%) 52 (85.2%) 0.76
EMB 63 (90.0%) 50 (82.0%) 0.28
Aminoglycoside 0 (0.0%) 1 (1.6%) 0.93
Fluoroquinolone 0 (0.0%) 1 (1.6%) 0.93
AZM 1 (1.4%) 2 (3.3%) 0.90
RBT 0 (0.0%) 0 (0.0%) —
Definition of abbreviations: AZM = azithromycin; CLR = clarithromycin; EMB = ethambutol; IQR = interquartile range; RBT = rifabutin; RIF =
rifampicin.
The data are presented as number (percent).
*In the full analysis set population, patients observed up to 12 months after the start of treatment were included.
daily and intermittent treatment. This may smaller effect size for the primary endpoint doses at 12.5 mg/kg or less reduces optic
have led to a higher number of cases where that did not reach statistical significance. This  neuropathy incidence (23, 24). In our study,
patients could not resume treatment within finding was partly attributed to the lower the relatively low incidence might be
28 days after discontinuing all medications incidence of optic neuropathy in the daily explained by the EMB dose in the daily
because of adverse effects. therapy group than in previous research (14),  therapy group (under 15 mg/kg), which
The rate of regimen modification in the ~ with no significant difference observed was chosen according to Japanese package
daily therapy group was lower than in between groups in our study. Previous inserts, and the relatively small number of
previous studies (13, 14), resulting in a reports have shown that maintaining EMB elderly patients. Although the EMB

Table 3. Sputum culture conversion among patients with positive sputum culture at baseline and who could provide ongoing
sputum for analysis

Intermittent Daily Percentage
Therapy Therapy Difference
(n=37) (n=30) (95% ClI) P Value
Culture conversion (regardless of regimen modification) 26 (70.3%) 24 (80.0%) —9.7 (—33.0 to 14.3) 0.53
Culture conversion without regimen modification* 19 (51.4%) 18 (60.0%) —8.6 (—32.0 to 15.6) 0.65

Definition of abbreviation: Cl = confidence interval.

The data are presented as number (percent). In the full analysis set population, patients who had a positive sputum culture before treatment
and who could provide at least three sputum samples after the start of the study were included.

*Culture conversion without regimen modification represents the proportion of patients who met both conditions: 7) achieved culture conversion
and 2) did not require modification of the initial treatment regimen. The denominator includes all analyzed patients described above, including
those who required regimen modification.

1188 AnnalsATS Volume 22 Number 8 | August 2025
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Table 4. Changes in the health-related quality of life score

HRQL Score, Mean (SD)

Adjusted Mean Difference

Intermittent Therapy Daily Therapy (95% ClI) P Value

SGRQ (symptoms score) n=64 n=>59

Before treatment 28.6 (20.2) 28.2 (19.5) — —

After 12 mo of treatment 17.9 (15.3) 21.9 (17.2) — —

Change in score —10.7 (16.6) —6.5 (18.0) —4.1 (—8.9t0 0.8) 0.10
SGRQ (activity score) n=>59 n=>58

Before treatment 19.8 (21.8) 21.0 (20.6) — —

After 12 mo of treatment 19.7 (20.0) 22.2 (21.5) — —

Change in score —0.1 (20.2) 1.2 (14.0) —-1.8 (=7.5t0 4.0) 0.55
SGRQ (impacts score) n=60 n=59

Before treatment 12.0 (15.4) 12.6 (14.6) — —

After 12 mo of treatment 10.9 (13.6) 12.3 (15.0) — —

Change in score —1.2 (16.0) -0.3 (12.2) —1.2 (—5.6 to 3.3) 0.60
SGRQ (total score) n=>59 n=>57

Before treatment 17.4 (15.9) 18.1 (14.9) — —

After 12 mo of treatment 14.8 (14.3) 16.9 (15.6) — —

Change in score —2.6 (15.5) —-1.2 (10.6) —1.7 (-6.0 t0 2.7) 0.44
SF-36 (PCS) n=60 n=>53

Before treatment 48.5 (9.2) 48.1 (8.5) — —

After 12 mo of treatment 46.1 (12.3) 50.2 (9.0) — —

Change in score —-2.5(9.7) 2.1 (9.3) —-4.4 (-7.8t0 —1.0) 0.01
SF-36 (MCS) n=60 n=53

Before treatment 47.5 (11.5) 49.3 (8.6) — —

After 12 mo of treatment 51.4 (10.9) 50.5 (8.8) — —

Change in score 3.9 (9.3) 1.1 (7.3) 2.1 (—0.7 t0 5.0) 0.14
SF-36 (RCS) n=60 n=>53

Before treatment 441 (12.9) 52.8 (7.3) — —

After 12 mo of treatment 47.4 (11.1) 49.7 (11.1) — —

Change in score 3 (12.4) —3.1 (11.5) 1.2 (-2.9t05.4) 0.56

Definition of abbreviations: Cl = confidence interval; COPD = chronic obstructive pulmonary disease; HRQL = health-related quality of life;

MCID = minimal clinically important difference; MCS = mental component summary; PCS = physical component summary; RCS = role/social
component summary; SF-36 = 36-Item Short Form Health Survey; SGRQ = St. George’s Respiratory Questionnaire.

SGRQ lower scores indicate better health status; SF-36 higher scores indicate better health status. The MCID for SGRQ and SF-36 has not been
established in patients with Mycobacterium avium complex pulmonary disease. For reference, in patients with COPD, the MCID for SGRQ is

4 points (36).

discontinuation rate tended to be higher in
the daily therapy group than in the
intermittent therapy group, this difference
was not statistically significant (P =0.051).
These findings suggest that further
evaluation of optimal EMB dosing for
patients with MAC-PD is needed,
particularly considering the balance between
efficacy and side effects, as well as potential
pharmacogenomic differences among races.
This study found no significant
difference in sputum culture conversion rates
between the two groups. However, these
results should be interpreted with caution
because of limited data: Only a small number
of patients had positive sputum cultures
before treatment and were able to provide
three sputum specimens during treatment.
The intermittent therapy group showed
sputum culture conversion rates and chest
CT improvement rates comparable with
those reported in the previous study (14).

A previous study suggested that some
patients unresponsive to intermittent
therapy may benefit from switching to daily
therapy (25), implying that daily therapy
might be preferable for certain patients with
noncavitary NB MAC-PD. Although 2020
guidelines recommend daily treatment for
severe cases, they lack clear definitions for
severe cases and optimal timing for switching
from intermittent to daily therapy (8).

A recent retrospective study found lower
culture conversion rates with intermittent
treatment in patients with positive sputum
smears (26). However, our post hoc subgroup
analysis of patients with baseline positive
sputum smears showed similar conversion
rates between intermittent and daily
treatment groups (Table E5). In this study,
we were unable to evaluate the relationship
between radiological severity and the
effectiveness of intermittent therapy, because
we did not perform detailed assessments of

Nakagawa, Fujita, Miki, et al.: Intermittent versus Daily Therapy for NB MAC-PD
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disease extent or severity of specific CT
findings, such as bronchiectasis. Further
research is needed to identify factors

that predict poor response to intermittent
therapy in patients with noncavitary NB
MAC-PD.

Recently, patient-reported outcomes
have been emphasized as treatment
outcomes for MAC-PD (27-32). To our
knowledge, this is the first study to compare
the effects of intermittent versus daily
treatment on HRQL, and the improvement
in the SF-36 physical component summary
was significantly greater in the daily therapy
group than in the intermittent therapy
group. Considering that there was no
difference in the interval changes in the
SGRQ symptoms score between the two
groups, factors other than respiratory
symptoms may favor daily therapy, but
this possibility remains unknown. We
speculate that the higher peak concentration
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Table 5. Adverse events in the safety analysis cohort

Adverse events Intermittent Therapy (n=71) Daily Therapy (n=68) P Value
Severe adverse events 6 (8.5%) 4 (5.9%) 0.80
Acute liver dysfunction 0 (0.0%) 1 (1.5%) 0.98
Reduced platelet count 2 (2.8%) 0 (0.0%) 0.52
Urinary tract infection 0 (0.0%) 1 (1.5%) 0.98
Hemoptysis 1 (1.4%) 0 (0.0%) 1.00
Fever 1 (1.4%) 0 (0.0%) 1.00
Nausea 1 (1.4%) 0 (0.0%) 1.00
Erythema of oral mucosa 0 (0.0%) 1 (1.5%) 0.98
Wrist joint fracture 1 (1.4%) 0 (0.0%) 1.00
Pneumothorax 0 (0.0%) 1 (1.5%) 0.98
Lung infection 1 (1.4%) 0 (0.0%) 1.00
Optic neuropathy 2 (2.8%) 7 (10.3%) 0.15
Grade 3 0 (0.0%) 0 (0.0%) —
Grade 4 0 (0.0%) 0 (0.0%) —
Liver dysfunction
Increased AST 12 (16.9%) 28 (41.2%) 0.003
Grade 3 0 (0.0%) 0 (0.0%) —
Grade 4 1 (1.4%) 0 (0.0%)
Increased ALT 13 (18.3%) 30 (44.1%) 0.002
Grade 3 0 (0.0%) 2 (2.9%)
Grade 4 1 (1.4%) 0 (0.0%)
Increased blood bilirubin 8 (11.3%) 1 (1.5%) 0.04
Grade 3 0 (0.0%) 0 (0.0%)
Grade 4 0 (0.0%) 0 (0.0%)
Anorexia 12 (16.9%) 12 (17.6%) 1.00
Grade 3 2 (2.8%) 1 (1.5%)
Grade 4 0 (0.0%) 0 (0.0%)
Nausea 12 (16.9%) 6 (8.8%) 0.24
Grade 3 1 (1.4%) 0 (0.0%)
Grade 4 — —
Vomiting 1 (1.4%) 2 (2.9%) 0.97
Grade 3 1 (1.4%) 0 (0.0%)
Grade 4 0 (0.0%) 0 (0.0%)
Diarrhea 7 (9.9%) 7 (10.3%) 1.00
Grade 3 0 (0.0%) 0 (0.0%)
Grade 4 0 (0.0%) 0 (0.0%)
Skin disorders 8 (11.3%) 14 (20.6%) 0.20
Grade 3 0 (0.0%) 2 (2.9%)
Grade 4 0 (0.0%) 0 (0.0%)
Reduced white blood cells 19 (26.8%) 16 (23.5%) 0.81
Grade 3 2 (2.8%) 0 (0.0%)
Grade 4 0 (0.0%) 0 (0.0%)
Reduced platelet count 12 (16.9%) 8 (11.8%) 0.54
Grade 3 1 (1.4%) 0 (0.0%)
Grade 4 2 (2.8%) 0 (0.0%)
Oral mucositis 2 (2.8%) 7 (10.3%) 0.15
Grade 3 0 (0.0%) 0 (0.0%)
Grade 4 0 (0.0%) 0 (0.0%)
Dysgeusia 10 (14.1%) 1 (1.5%) 0.01
Grade 3 — —
Grade 4 — —
Peripheral sensory neuropathy 2 (2.8%) 2 (2.9%) 1.00
Grade 3 0 (0.0%) 0 (0.0%)
Grade 4 0 (0.0%) 0 (0.0%) —

Definition of abbreviations: ALT = alanine aminotransferase; AST = aspartate aminotransferase.
The data are presented as number (percent). Adverse events were graded according to the Common Terminology Criteria for Adverse Events
version 4.0 Japanese translation Japanese Clinical Oncology Group version (http://www.jcog.jp/).

of each drug or of multiple drugs in the Safety analysis demonstrated a low group, supporting the safety profile of
intermittent therapy group may have affected  frequency of SAEs in both groups, with no intermittent therapy. By comparison,

the assessments in the SF-36 physical significant differences between them. AST bilirubin elevation was more common in the
component summary and induced the and ALT elevations occurred significantly intermittent therapy group, presumably
greater incidence of dysgeusia. less frequently in the intermittent therapy because of higher peak blood concentrations
1190 AnnalsATS Volume 22 Number 8 | August 2025
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of RIF. RIF occasionally inhibits bilirubin
uptake dose dependently, resulting in
subclinical unconjugated hyperbilirubinemia
without hepatocellular injury (33).
Importantly, all bilirubin elevations in this
study were grade 1, and none required a
change in regimen.

Taken together, our results suggest that
the choice between intermittent and daily
treatment for noncavitary NB MAC-PD
should be individualized, considering disease
severity, potential side effects, patient
characteristics, and therapeutic goals.

More tolerable and effective therapies for
noncavitary NB MAC-PD are desirable, and
treatment regimens with two non-RIF agents
(34, 35) or novel agents should be explored
in the future. Although the foundation for
this discussion lies in the optimal treatment
for each patient, another vital aspect worth
noting is reducing unnecessary antibiotic
pressure with a view to avoiding the
emergence of drug-resistant organisms,
including mycobacteria.

Limitations

This study has several limitations. First,
although objective criteria for changing the
initial treatment regimen were established,
the study was not blinded and carried an
inherent source of bias. In the daily therapy
group, some subjects withdrew from the
study before treatment initiation or after
regimen modification. Second, because the
observation period of this study ended at

1 year, long-term outcomes could not be
evaluated. Some patients may have converted

later or experienced ethambutol toxicity
beyond our follow-up period. We could not
examine rechallenge outcomes in detail
because of the study’s time constraints, nor
have we been able to assess relapse or
reinfection rates.

Third, this study was conducted within
the scope of the Japanese medical insurance
system. At the start of this study (2019),
azithromycin (AZM) was not approved for
MAC-PD in Japan. The revised 2020
ATS/IDSA guidelines subsequently
recommend AZM over CLR on the basis
of better tolerability and comparable
efficacy (8). The longer half-life of AZM may
also be more advantageous in an intermittent
regimen compared with CLR. AZM and CLR
differ in side effect profiles and frequencies,
but the previous study (14) showed varying
proportions of AZM-based regimens in the
daily and intermittent therapy groups.

These medication choices may account for
differences between our findings and
previous reports. A limitation of this trial was
that our sample size calculation failed to
address differences in macrolide selection.

In addition, the drug tablets available in
Japan differ from those in other countries;
for example, CLR comprises 200-mg tablets,
EMB consists of 125-mg and 250-mg tablets,
and RIF consists of 150-mg capsules, making
the dosages in the present protocol specific to
our country. Therefore, the EMB dose for
the intermittent therapy group was set at a
maximum dose of 1,000 mg according to the
regulations on the package insert. Hence, the
generalizability of these findings to other

countries may be limited. Nevertheless, in
addition to encouraging well-established
retrospective studies from the United States
and South Korea, it is crucial to clarify the
benefit of intermittent treatment in
prospective investigations that also address
regimen differences.

Conclusions

In summary, this study detected no
statistically significant difference in treatment
modification rates between intermittent

and daily treatment for treatment-naive
noncavitary NB MAC-PD, but the point
estimates suggested a potentially important
advantage in tolerability with intermittent
treatment. Further research is needed to
better quantify the tolerability difference
between intermittent and daily treatment as
well as to determine which patients should be
treated with specific combinations of drugs,
doses, and dosing intervals for noncavitary
NB MAC-PD. ®
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BN IEREAZTEDUER W SE b B 2 B 9 5 R
— 2023 4L E] —

HAGHEAS - FERSALEDURR R &

FEREEPUR RRE S R R &

HARIR 7 & REIE - ATl &

20074 D ATS/IDSA D IEREREEPIRE R (Nontuberculous
Mycobacteria: NTM) 12 & 2 J&GEICBI T 5 statement & b
LY, bAEOTENE & BEA T 2012412 H AR LI F 5
(ERZ IR IAEN KRR B S) & HARMPRZS s (K
Y - RS X0, TR A% M bume W e 1k
B B BB — 20124k ET | 293E I S v, LIfg
FI104E DM L 7248, 20174E12IEBTS & 0, 20204F
1213 ATS/ERS/ESCMID/IDSA & 0, fili NTM i O 9% 7
A NI A4 R FEENT (LUF, 2017-BTS A A F I 4
B LU2020-EEAT A NI A LKD) AFBTIIHE
JBAMER & LC, EFHT I AT Y (AMK), 7Y A1
<4 TV (AZM), 4 I XA A (IPM), 7 u7 7T 3
(CFZ) % &P ENTE 7278, Ll oEBEA A4 F5 4
NNE TN S DA EROBIRE & L CitikshTw
5 Z &R, HARME - IR W= fha
PRIRZEE SO OWGEIC LY, Ao PRBR SRR S 40k
GOHAHES (DY, #AHH & L) & LT20194E1C
1 5 AMK® A%, 2020 4F 12 13 AZM® 7%, 2021 4F 12 &
IPM? & CFZ" S & LD SN B Z L1l » 72
KHIZ20214EICIE T I H ¥ ) By — AW A B
(amikacin liposome inhalation suspension: ALIS) 7%#if
YWl Mycobacterium avium complex (MAC) JiE 12 38 fits 2K
RENT, INOOREEEEZ T IR - IR
PRS2 GERBRIENEN R T H %) & HANT
Weawipay (BYYRE - MERle) L0 [THRANIER
PEPURR N E LRI 3 2 P — 2023 4EET) 2 %
Wy %,

fse

® ATS: American Thoracic Society, IDSA: Infectious Disease
Society of America, BTS: British Thoracic Society, ERS:
European Respiratory Society, ESCMID: European Society of
Clinical Microbiology and Infectious Diseases

* PLRBE DWERRIE H AL HAREFA R DERITHE D o
(https://www.chemotherapy.or.jp/modules/glossary/)

FNTMEERBEDERNBEZT

BERAR
WO ENLHRBHIBD 720 DUFLMNTH B DS, £
N3 LA E L IHEBRE BGT 5 o &t cld v,
FRIC, ARITE KBRS B BIRBHREE RN R0 %
WIERY, MEREARB, 22 %GR e AT - S SRR
OBIEBITI, HHRFAGIRIC O W QiR VB 2
fiE e LTG50 2020-EIBS A A K54 &~ C
1Z, WEEPTRR B IR T D B VXA R BN R TE SR
FlmBigE (watchful waiting) £ 0 i ABIGT 5 2 &
AW T D, RAMTL OS2 LR 5205, €
ORI, AERRC & O TR, JEBERE, WHRAT O
B, Wz E xR L CHEEOESZ WY 2. BRI
FLORERERHER (IR IR LR IE & M I HR 3 5 72010 F
HATHY, TELXTBEOWEGE DL ZITH . HFE
CHh7zo T, O, MASEH &5 BIEM, &
PRNAR DY, HHENIE, BRSO oMK E ST
FEOREVE, AVEHARR OB 7 &2 TRE I3
L, BEOMMEMRLLD 2 THIAT 5.
BRI H 720, BEEANOREEEZ T 72012,
RIVERZ 5B L 22055 1 &2 1 ~2 BT L 128ImL T
WL EDERB SN DY, THIC X ) EIVE & s
LK ZHE LR T B, 2L, w754 Fiiftk
bZBT D720~ 7054 FHEANGRE 2 0% TE
LEFHT S L) IEET 5,

o AR D ¥R & A BEHAR

HRAEIR O,  WRT L0 S8 13 iE SO O FHm 12
HHTH B0, FEAIICERRE A X D WRmal R %
HWid %0 —MMICIE, 48RRI % &1 72 ERT 28
T 3 Il U CRE AR R ATHERR S L7z I p CHER B AL
AER S Nz, SHIETL, #N OB ETEEE AR AR
N0 ZHFEWLE &3 59, BEIHB SN
aiZix, 6 7 HUN O BEALERIZETHROKT
B 2 WG STV B, HERE, BRI E
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HIWES B 720 IR IRBIIB TR IR R 2 M D /L,
B HER O A % 5§ 5 6

1. FiMACE

HER Mycobacterium avium & Mycobacterium intracellulare
2P TMAC & SN TE /A, FEHE R B T
RO S FEIEFHNNZ 9 5 /M E IR EEE (minimal
inhibitory concentration: MIC) i 28572 % Z L1010 i
IRIER TR D357 5 T L1219 7 & B A 4 OFE B &2 MAC
fEE LTRIRS 2 2 LB TIZ R L, DS E TR
BYEPIRIRE 2 B 3 2B 2 2 WL LT Z X
ETH Do Db XY, BHLFER LN 4 % il MACHE
Lwg, ENENMM. aviumIE, i M. intracellulare 3 &
THILERWRT D, T2, SHMEREZ KA L HRE
TIEMAC &\ ) IFFRIERFE SN DA%, W& AT 1
WZEDLIENREIND, —T, ALFREOBANSIE
W RARIZ S 2 NI IEE NS e Wi, REFT
A MACHE & L T EAE O G HE 2 iRy % o

[Tl FERE AL P HURR RAEA L 2 B 5 2 L% — 2012 4F
WETP2id, bAENI BT S MACHE OBEHER#E & L
TY77v¥¥ > (RFP), =¥ 7= (EB), 77
VA< A vy (CAM) O 3AFIPHBEEZ LA L L, &
LB L TA ML T IRA VY (SM) HDHWEAF=
A¥ v (KM) &Z5, 3N Twb, —7, 2020~

K #508% 4555 20234E 7-8 A

B A BT 4 9T, BEEL B - S SRR
(Nodular bronchiectatic type : NB#!) 121338 3 H ORI /Kik
WS, 2 A O BAEZE AL, ZHE OB B REHET - AE X
PRRY, & B\ I B O SAE SRIRIT R 2 £ ) A i
HAEHE T I 7 7)) 3y Fikg#E (AMK Z 7213 SM)
ORI TS, BEHEREL 6 A AL 14T T
LR DSBEVEL L 22 WA ER B & T L, ALIS, &
HVIET I ) 3y FEMNEOEMPHER S Tw
%o MIMACHEDIRHIED I 5, RIS D 5 3H & L
TIXRFP, EB, CAM, SM, ) 7 7 75 ~ (RBT), ALIS
(HERBICBRE) 23d Y, #HAHF & L-C20194E2 I
AMK 7%, 20204E 2 HICAZM 78, BRBELE LR SN 5
XA o290, B, KMIZIE NTMIE L AR G A
2\,

fifi MAC fE DIRZAERFEIC DL T

R BT 5 M MACHELZ A 5 RO L D X
YERFRVIIRT . B R L, EEORE ILR
TR - R SR IR A S22 TR (GRS A
DOHRBERD BN ET 5, ~71a54 FE LTIZCAM
DT AZM b FEIRRIT 2 5. EBOKG- &1, #HE
BOBAEITIE 1S mg/kg MR 2V X ) ITT B0 I CHE
DFEHITFE, BIKIEHE O AL EB O 5= I3k
1000 mg & 7 2 %%, BUfE, P55 % 7z & 5

#£1 il MACYE DB

oA WL YA Y
70 O 7 WG - AEPBEOVT N ZH VA
[ pets 1 N R 3 N
ﬁgfgﬁ%) Ak LS Bik 3 HEY
AE € B CAM 800 mg or AZM 250 mg CAM 1000 mg or AZM 500 mg
EB 10~15 mg/kg (750 mg ¥ C) EB 20~25 mg/kg (1000 mg % )
*RFP 10 mg/kg (600 mg ¥ T) #*RFP (600 mg)
* WAfE 22 Bl ABHEROY 3~67H) CUTZHHTS
o 22 O & B R - * SM 15 mg/kg LR (1000 mg & ) 3 2~ 3 [mlffE
R SR BT
o DM - &4 * AMK 15 mg/kg # H or 15~25 mg/kg 3 3 [nl53%, TDM THiffi
SRR (507 LA L3 8~10 mg/kg 8 2~3 [0, #% K500 mg ¥ T, TDM THf)

WEAZIS U THMEHBIR O 5F ] % e

o diin il (ZHIDFH

ABIZDFoOWT ezt %

WEE e AL * ALIS 590 mg/ H W A

ESTAPNEY = HoHIE

PRI AA 557 * SM 15 mg/kg VT (1000 mg % C) 2~ 3 Il i
BH) HHwiL

* AMK 15 mg/kg it H or 15 ~25 mg/kg 8 3 [ pijili, TDM Tl
(50 2L o6 8 ~10 mg/kgall 2~ 3 [0, K 500 mg T, TDM THfH)
DB U THRHGR R O BF 1 & e

*RFP 2D CER], S A % B &3 2B CTIXRFP % i, S5k 2L dMEdd 5 (fiti
DRFPDEHEZBM) o RFP % B\ 72 B A 1IE CAM DI RENK T L2 WO T, KAKEOBHTIZCAMD
Wi (400~600mg) ZEET 5. AZM 2T 2 85E 1T HEREIE L 2 v, 3 [ 5 Tld, AW
W23 FIPERAATE T LS, ZAEMAM W &I L 723545121, REPOHE (300 mg~450mg) % %[BT %,

TDM: Therapeutic Drug Monitoring
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SN A Ak DR R L B2 B 9 % JA — 2023 4R EET

PHETHTH D (thil). MHEZREL, 22FW DB 5 #5Hi -
REILRA, EEOMH - [E SRR % &0 EiE )
WIEEAMIICT I 2 7)) a3y FE L TSMBiED % v
FAMK AGEZEIL, PrAMEEZ3 ~6 P HET 5, i
WENZWE 7 I 7 7)) a3y FiEFED L WIZALIS 2N
%o AMK B OB 51X 2017-BTS A K54 >, 2020-
EBEH A K4 >, 2019 5FEOFA B AL O B HIH>
EBEL LT, ¥7H8T4F (CAM®B %W IXAZM) +
EB D 2 AIGEHFIC OV TIE, RBLOMFREOPFTERL
7oo F7z, FEEWRO-DERES, EEHRENIE [LEIC
& UTHEHER OB 2 MG ] L o—XE&Mmaizwy,

f+52

o BERIBRZMRRE WG, BXU 6 A HBHLT
LI EMEAL L 2 W EICiE, REOREB LU~
u74 F (CAM) & AMK OFAEZ % RT3 %0 2018
4 @ CLSI M24 3rd ed'®, 2023 4F @ CLSI M24S 2nd ed'”
(Mueller-Hinton 553 % i ]) (\Z#EL L 72354, CAM Tl
MIC = 32 pg/mL, 7 4 H AMK T & MIC = 64 pg/mL,
ALIS TIEMIC = 128 pg/mL DA IZMI T & 2 S h b,
2023 4E1C CLSTICHEHL L 72 B B B MEPUEE W I MIC 7 L —
b, 7B I v 7 SGMO A H A PR BE 1 TR T EE LS
ol MERFEHENTE/Z70A3I v 7 NTMOA I
2003 4F @ CLSI M24-A'® (Middlebrook7H9 ¥ #1 % fifi Jil)
WCHEPLL TV 5 75, CAM DA fETH 519, MAC
OEFNEMEHRAEZ ERHEHORERL 7T X 3 v 7 RGM®
R Z T TE e bR,

o FAREHAR  2020- B A KT A ¥ CIEBE B
FERINTOORKIEREHEINTBY, KIUFED
MO " & B, L L, AHEICX 505NN % i
PRLU72RBICIHR AT L CRBRBIZE T 5 &, SHETHL
% DERB L OBHIEGET L2 ERMEINTWBE0D,
DYED S 1L, PFRBEEbBEoBRBENME LTI1sA A
N5 18 A &R 5 LG T HOTBHFE R T
5, LOMEDPEHD 2D, 7z, BHELSITHZE
50 R W e HU IR W IR BE ME O B &1k 18 7 AL E D
WU PR ICHE T2 LoMEDH D, b
EBELT b,

o707 RIEALDHIE : ¥F—FF v FThHir~
754 F (CAM» 5 WIZAZM) Dtttz ik 5 =
EHREETHY, vruI 4 FHARRE, ~7u54F
¥/ u RRFPOUEH, ZEEBEZE T RWVL I X Y
TOWRFE M 52920, FHEZE R TIZEB O MAC
K3 % MICIEE V25, BRIRIMICIZEBZ S LY A~
W2 & BB ERER RS, 7874 Fiftko
MHABS T L MEINTNEDD, EBIZL D~
7074 FIHEAHH O, 07201 %E R EB

179

BEREIAWTHBD, 7274 R, 5
HIMICEBZ T 5. L LAAS, RICERERS
BHEZ AT H2EREICBVWTEBEE TRV YA VI
LDWHHEDL NI LD SN TE YD, FHERFET O
EBHIEICIZIEE T 52, EBEZ @M TE WA IZIZIR
P EPHERRICL YA VIZOWTOMKEEET 5.
e /70O74 RTHEDIHZSE  EB, RFPH % W IERBT I
T3/ 7Y ay R (AMK AT, SMTE, #GRpThh
WEALIS) 205 %, CFZ Y 7a¥%H¥ T~ (STFX)
DM EE SN D DMRBGEIG L R W 203032, 73 ) 7
1) 3 Y RESTEE L SREHER O A A DB 0 HER BT R
FHEWET D I L E2RBT 2EBOMEIDH 529,
AVEHEIR O EIE O A IR F OGS D THM i~
HHIRAE T Lo,

%B, CAMD 5 WIZAZM DFEHIZOWTIE, iR
& L COREE W T X v TR HkRE % 3% 5
% b DT RS, RIETEENPHRES 5 720 REH]
IR CCERZHW T2, =) 20<4 Y (EM)
OEBELEZEEIND (hibER) .

e EBIC L BMABREEICDOVT ¢ HARK - e
PURWESS4y, HARREI S, HAMRIRRAS LD A&
TR S N7 EB T X 2 BN RERE S (29 2 T L HI
D, BHBNICHREICoBEEY 2, BihH D Sk
WER 22T 5%, 3 HOMKERZ, HHEEID
EBIC & 28I E O MBI DR W Z L 2R ST
W5Wd, F7o BB EHIXG T 506, GE%E 125
me/kg LF~NHET 2 2 LICK WV AWER 2 CE %, &
P INTVE0, — ), RIRLERIIAHTHY,
T (10~15mg/kg) #2BEL$ 5,

e /OT4 RIZDWT 1 2020-FEBEA A KT 4 ¥ Tig,
~ 7 a 54 FEZMEIMACIEICIZCAM X D b AZM %
GLLIA VPR EN TS, ZoBEBIE LT, W
OPERBEMALE R R ILFS 225, AZM DT ) 2%, QA%
PEASE N, QWM AR D v, OWIRSERI A 7%
CRMOAEDPB P, @1 H 1% THE, GaR
MRV, B EDRDHITEN TS, FEFFLEHTOY
BRI, AZMBEFITHREL 2V, H—E# 3L T2
BAICREIN E LTCAM 2 G L2 ik 535, &
ENTVE9% TNHLOFEHEEEL, FlHsKE WY
BICAZM O EBETT 5. B, AZMORIMHETIC
5 2 b2 ED»HOHEIFR SN T WS,

o FERGAEICDWT 1 2020-FHB A A K94 »Tld2o
DB X REBEORBRIED X, BO RV - &5
LR O Wi MACHE L2133 3 H O R iGH# % HL ik G5 &
LT %393, G [ {h#E & R IGH % i) & IS E R
L7 BRAERIE 2w 2s, BITEEINT 7 » ¥ 2 LIEBGAER
(iREC #B# © jJRCTs031190008) ASHEATHICTH %540, Ak
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BRI RIEBEHEDOL Y A~ & L TCAM 1000 mg, RFP
600 mg, EB 25 mg/kg (R L HZEEXTIHEEL
T1000mg 2 2vy) & LTWw5h, bAETIZCAM
OG- 1L H 800 mg TH 5 4%, 2020-FEEE» A M7 4
B IORNCEORE (G, RIS U Ca %
T5%) #BFZACIHEZ1000mge LTW5, AZMIZ
B Ll A im0 B3 HIC B W CHIRFR S
OWTHERENTEY, 1 HEE L T500 mg % i ]
e LTw59, REMTIZERN BT ZEL T, 2=
T OB - A SIRRANC K Lo magE, ik
B0 & 33 1 iR & R IEHR O W & ST 59,
* RFP OfERAIC DU T 1 RFP TS B % % 36
BL, MMACIEERED ¥ — K5 v 7 Tdh b CAMDOH
ZILEL CMFREZEZE L LTI E62-%, F7-,
(LEHER T EOEFED A SN TS, CAM, EB, RFP
D 3 HIGEE & CAM, EB D 2 it % 5 » 5 AL L 7250
0] & el ERER 2 H A C1TH N, intention-to-treat fHT Tl
2 AR O WML L 3 AlGE IS LIESETH B
EATRE NI, S 51T, 2 KGR 2 KIMEIEE L 726
R~ r7uF7 4 P 2w &8s S hiz o,
BAERFPIZ L ) FHE SN2 U BIHZEORE L 2T
CWAZM % W, AZM, EB, RFPIZ X % 3 HlihE L
AZM, EBIZ X % 2 HIIGHE ORI & R ER 2K [F it
17HT&% (ClinicalTrials.gov Identifier: NCT03672630) o
2020-FEBETA K I 4 v Tk, REFERRB T~ 054
Nt DML 2 & D 7 BRI R S NS £ T, 2
HlCid e 3HEHEX MRS S, L LT D9 AKRILMGF
T, BRI ANGEZIEINE T2, BEkE
RFP DREMEIML N & #Z 2 SN L4, RFP &M EAEH
HT LA AT HUENDLEER BT 5%
W& LT, CAM® %\ IZAZM & EBIC & % 2 #l B
EHIFTz. RAMTIE, AEMUEEDOI1Z, EFIRT
TRFPZE LY A Y, EBBOBRICLEKRLTEY, 4
O AR THREOEGR WG 2RI L 2w L) ITFEET %,
e I/ ROERE M ORTEBI N
CAM, EB, RFPIZ X % FE4E 3 FIWEHAZ R 3 77 H H SM
kxS % 77 L R - E LGB T, HE
W REVEAL =L SMF B CTH RIS E 22 5 7249, 2020~
BAA NI 4 Y TRARF D ZEL, OFRE4HT 56
QFEFE DORAE SCHIRIRE % 70 DG HT - 5 SRR A,
@~z a4 FitthEe, ([CdEBEIcrI 2 7)) ay
FiES 3 (AMK A 5 WV IESMBTE) # &0 52k
ISR L T b, HGHMIE2~3 7 APHER STV
BN, ZEAET HMMACIEICB T 2HBEHCED, 3
HRAVUET I 7y ay T 5 L PR B LERe
BRI EARENTEB Y, WhkEEsR s
ORERICHAEL RS, Wb 32 AL, &E6

K #508% 4555 20234E 7-8 A

HAFEFCTCOMHEZEET 5, LTICHET AMK O f®IC
DWTIE, FAEFHIBM BT 5 FEFH (2017-BTS
HARTA D) [T B, 22 TS50
V3520 ERPED LN TVERS, 73 /)7

VI Y FORRITREKAFETSH Y, Therapeutic Drug
Monitoring (TDM) % éjiti L T i EB L O 7
T AR EH L, BEOERES X O OREBIER
La2s, I ECHE LI ITERR E ST T
HRE2HRET 5. B, 2020-FHEF 4 I 4 Tl
H¥x5- 0856 1213 s M i BE 35~45mg/L 2 HE3E L T
Wb, —F, BHRENRSGROREMMERIE 5T
7 <, WEBMIKHE 2R T 2805 529

OEADYE, 11115 mg/kgZ 1 H 11 F 7213 7.5 mg/
kgx 1 H2M#EHP%S, H2Iik15~25 mg/kg & H 3
54 %,

@501 L EO¥E, 8~10 mg/kg % # 2 ~3 Ml¥x 5.3
Bo B, MEEE, KREB X ONEIRIC X o THEEBIR S
505 1HOREHGEIZS00mgEFTET 5,

OG5 EMBLZS, 1~20&%5H%I1IC T 7, &%
LR (R30I CRE L, MIERIG605) %
FMIL, HEREZT o T 5 1~ 2 %55 I b
T2, 1AME S Z WM h RN E %7, b
T <5mg/L, M HPEG OW A I SR I 25~
35 mg/L, #3 MG OBH121365~85 mg/L (2017-BTS
HARTA VDL, 2020-FHBEA A K54~ Tl
65~80mg/L) & 7% A &) BELLGEICHET 5. EW
RETHNIIEHEB X125 74, wEilrhikE % T
M9 %7, BEOREIIG L CHERE T 5, F1E
EREAZALT BRI 3~4 OB XIZFHMET %,

@/ R L G O 35 A 12D\ T AT 5540 2
XIZBIF 2R EFHL BRI NI2w),

EAREE X, REGROBM, BuePkb ik, B
BEETHMOHEREDOIFHLEICE) Y A7 D RS
T 20, — ML O HETCHIE Y 2485 2
ENL DS, H I 0 XD RS O 9 IR O W] REE A
HYVEET 5. WIHICIZAREIRDZ L\ 4000~8000Hz
(BE) OANEEINLLENL W, EMN%
EHRAEZIT VR RIC% O 5, FHREEIZIE
HCH 5720, FEIRACERE 20072010k
AT A, I PV FY THETER (m1555A>G
BRBLUOmI494CTER) 247 2 H I3HG /0%
GuEaL R THWEOREL & 2T, 73 /7)) 3
YV RIC X AW BEORFEESHER I NS, 50
W H RINIER CHE A 1TV, WRETH LR
BIMRAEZAT) o LiLOBIZ T AR Z D AL
MadEz, BEEilohoa T EEILRE T 55,
o YRV —LET I H L CBERWAESL  AMK % V)
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SN A Ak DR R L B2 B 9 % JA — 2023 4R EET

RV — AT L AMK D54 F 7 14V A% H el
FAN~ORATE: % B O 72 ABAKIDSHE S L, bosE b
SN L7245 3 AHEIBSIERIEER 2 & ~C, KE (20194F),
WA (20204F) (2D WT2021 SE IO A ETH EAL S
N7z RANDOLBEIG L 2020~ EB A K54 v EFE L
{, BN Z 6 71 A DL ERRRE L C D HEm BRI L
e WEERBIT, Ao AT ISR o AMK 233 5
MIC 25128 pg/mL K DHE (70 A I v 7 SGMO iR
AERT) 12, FRETHHAINTOZZHEBIENT 5,0
fERIZH 72> TUTHAKMK - IR RS O I
FEAEEPURE RE X R T B & & H RIS IRGYIE -
FEE AT ER A 2 B S 7z ALIS O RS 2 B ¥
653)0
TIZ)ay FEFNEE ALIS 2 LiK$ 2 &, 4
HIOBIWEH IS 8 Wit &, BB EA T TH % 7%,
ALIS W AR 722 O TR RS, 50k, [P i 2 &%
% <, WY %t 24T 9 P ALIS (2B L 72 fifi B 55 12
HHMET 25, HHEHANLERICCHEY 2T 28D
5H, ALISIZHETHRATRETH 5. —F, ALISIZE
filiC > 1) Bl e (2 s AR 2 ) B2 R A ke A 1) B2 > 1
BEWZODOWTHRELMRT 2VLEDLD L, T2, WAL
DMAT, iy, EHEET 720, ThHOFNHE
TR T HUEND S ALIS O 2 A B I
B X BHNEB DR R DA+ 5570 BH IR E b 75,
INLOHHMRBHEONRNEEAL»OT I/ Y ay
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ABSTRACT

Although lenalidomide is an essential treatment for multiple myeloma (MM), skin rashes are a common adverse event. This
retrospective study aimed to examine the association between skin rash development during lenalidomide treatment and the
prognosis of relapsed/refractory MM. All patients who received lenalidomide at 10 hospitals between July 2009 and December
2015 were included in the study. The relationship of skin rash development with disease progression and survival was evaluated.
Multivariate analysis was performed to identify factors affecting disease progression or survival, including skin rash. Of the
245 patients analyzed, 70 developed skin rashes. The median progression-free survival (PFS) of patients with skin rashes was
22.4months, whereas the median PFS for patients who did not develop skin rashes was 10.5 months (p =0.003). The median over-
all survival for patients with and without skin rash was 42.6 and 24.6 months, respectively (p=0.013). Multivariate regression
analysis showed that skin rash was an independent prognostic factor for PFS (p=0.009). In this study, patients with skin rashes
during lenalidomide treatment had significantly better PFS than those without such symptoms, indicating that lenalidomide-
associated skin rashes may be a predictor of clinical outcomes in patients with MM.

1 | Introduction well as for maintenance therapy after transplantation, and it is

currently often used in combination therapy [1]. Lenalidomide
Lenalidomide is an immunomodulatory drug (IMiD) used to acts through several mechanisms, such as direct cytotoxicity
treat multiple myeloma (MM) treatment. It is widely used for by degrading IKZF-family transcription factors and downreg-
treating newly diagnosed, relapsed, and refractory patients as ulating interferon regulatory factor 4 and c-MYC transcription
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[2, 3], as well as by modulating cytokine production and inhibit-
ing angiogenesis [4, 5]. Furthermore, it exhibits potent immuno-
modulatory properties that activate T/NK cells by suppressing
regulatory T (Treg) cells through transcriptional FoxP3 repres-
sion [6, 7].

Typically, lenalidomide use is associated with common adverse
effects, such as myelosuppression, renal dysfunction, and deep
vein thrombosis; skin rash is a particularly prevalent symptom
[8]. Skin rash is a common side effect of anticancer agents and
is reportedly correlated with immune checkpoint inhibitor-
and the anti-CC-chemokine receptor 4 (anti-CCR4) antibody
mogamulizumab-related prognosis [9, 10]. Tregs have been im-
plicated in the development of skin rashes [11-13]. However, the
underlying mechanisms behind this remains unclear. Although
lenalidomide reportedly suppresses Tregs [7], the relationship
between lenalidomide-induced skin rash and its effects remains
unknown. In this study, we retrospectively analyzed the cor-
relation between lenalidomide-induced skin rashes and drug
efficacy.

2 | Patients and Methods
2.1 | Patients

We retrospectively analyzed patients with relapsed/refrac-
tory MM who received lenalidomide at 10 centers in Japan
between July 2009 and December 2015. The follow-up period
was limited to December 2016. The inclusion criterion was
concomitant dexamethasone or prednisolone use. Cases using
lenalidomide as post-transplantation maintenance therapy,
those using concomitant medications other than steroids, and
pretransplant induction regimens incorporating lenalidomide
were excluded.

All data from the medical records of eligible patients were ex-
tracted, and the following baseline information was collected:
age, sex, M protein type, Eastern Cooperative Oncology Group
performance status (PS), International Staging System (ISS)
stage, serum lactate dehydrogenase (LDH) level, high-risk chro-
mosomal abnormalities (HR-CA), previous therapy, concom-
itant medications, tumor response, development of skin rash,
and clinical outcomes. HR-CA was considered to be interphase
fluorescent in situ hybridization-detected Del (17p), transloca-
tion t (4;14), and translocation t (14;16). In patients who devel-
oped skin rashes, the date of skin rash onset, severity, whether
treatment was interrupted, and the corresponding treatment
type were investigated. All reported skin rash cases were in-
cluded in the study, regardless of the causality assessment. This
study was approved by the institutional review boards of all the
participating hospitals.

2.2 | Rash Definition

Rashes were graded according to the National Cancer Institute's
Common Terminology Criteria for Adverse Events (CTCAE)
version 4.0. As several distinct rash types were designated within
the CTCAE version 4.0, we indexed those of the undefined type
by the target lesion coverage using the following criteria [14]:

Grade 1: target lesions covering < 10% body surface area (BSA);
Grade 2: target lesions covering 10%-30% BSA; Grade 3: target
lesions covering >30% BSA; Grade 4: target lesions covering
>30% BSA, associated with fluid or electrolyte abnormalities
and indicated ICU care or burn unit; and Grade 5: death.

2.3 | Study Design

This study aimed to evaluate whether lenalidomide-induced
skin rash affects treatment efficacy. The patients were divided
into rash-onset and rash-free groups. The primary endpoint was
progression-free survival (PFS), defined as the time of starting
lenalidomide until progression or death due to any cause, or
until the last recorded progression-free date of the patient. The
secondary endpoint was overall survival (OS), defined as the
time from the start of lenalidomide treatment until death due to
any cause, or until the last date the patient was recorded as alive.
To determine whether other factors could explain skin rash ef-
fects, we performed a multivariate analysis of the baseline char-
acteristics, including skin rash. The baseline factors analyzed
included age, sex, M protein type, ISS, HR-CA, previous therapy,
PS, and serum LDH.

2.4 | Statistical Analysis

The rates and proportions for categorical data and medians as
well as interquartile ranges for continuous data were calculated.
Survival curves were computed using Kaplan-Meier analy-
sis, and comparisons were performed using the log-rank test.
Univariate and multivariate analyses were conducted using Cox
proportional hazards regression models to evaluate the predic-
tive role of lenalidomide-induced skin rashes on PFS and OS.
Univariate and multivariate analyses were performed to esti-
mate hazard ratios (HR) and 95% confidence intervals (CI) for
risk factors; two-sided P-values of p <0.05 were statistically sig-
nificant. A subgroup analysis of patients was performed in the
rash-onset and rash-free groups. Statistical analyses were per-
formed using SPSS Statistics version 22 (IBM Co.), and subgroup
analyses were performed using EZR version 1.68 [15], which is a
modified version of the R version 4.3.2 commander designed to
add statistical functions frequently used in biostatistics.

3 | Results
3.1 | Patients

Of the 298 patients enrolled at the 10 sites, 245 (140 males and
105 females) were evaluated, with a median age of 71years.
The myeloma types were IgG, IgA, and Bence-Jones protein in
152, 53, and 35 patients, respectively. Of the 233 patients with
determinable ISS classification, 74, 90, and 69 had stages 1, 2,
and 3 disease, respectively. The median number of patients who
had received previous therapy was 2 (range: 1-6). One hundred
eighty-five (75.5%) and 53 (21.6%) patients were treated with bor-
tezomib and thalidomide, respectively. In addition, 52 patients
(21.2%) had a history of autologous peripheral blood stem cell
transplantation (Table 1). The median observation period was
18.5 months (range: 0.6-80.3).
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TABLE1 | Patient characteristics at the start of lenalidomide therapy.

All patients Rash-onset Rash-free group

Characteristic (N=245) group (N=70) (N=175)
Age

Median (IQR) —yr. 71 (65-76) 72 (64-76) 71 (65-76)

Age group —no. (%)

<65 66 (26.9) 19 (27.1) 47 (26.9)

>65 179 (73.1) 51(72.9) 128 (73.1)

Female sex —no. (%) 105 (42.9) 25(35.7) 80 (45.7)
Type of M protein —no. (%)

IgG 152 (62.0) 49 (70.0) 103 (58.9)

IgA 53 (21.6) 16 (22.9) 37 (21.1)

Bence Jones protein 35(14.3) 5(7.1) 30 (17.1)

Other 5(2.0) 0(0) 5(2.9)

Lytic bone diagnosis —no. (%) 178 (72.7) 42 (60.0) 136 (77.7)

ISS stage —no. (%)

1 74 (30.2) 22 (31.4) 52(29.7)

2 90 (36.7) 24 (34.3) 66 (37.7)

3 69 (28.2) 23(32.9) 46 (26.2)
Serum LDH level — no. (%)

High 63 (25.7) 18 (25.7) 45 (25.7)

Nomal 164 (66.9) 47 (67.1) 117 (66.9)
HR-CA by iFISH —no. (%)

Yes 55 (22.4) 21 (30.0) 34(19.4)

No 33(13.5) 9(12.9) 24 (13.7)

Missing data 157 (64.1) 40 (57.1) 117 (66.9)
Performance status —no. (%)

0 69 (28.2) 28 (40.0) 41 (23.4)

1 93 (38.0) 26 (37.1) 67 (38.2)

2 63 (25.7) 10 (14.3) 53(30.3)

3 20(8.2) 6 (8.6) 14 (8.0)
Number of previous lines of therapy —no. (%)

1 89 (36.3) 31 (44.3) 58 (33.1)

2 71 (29.0) 25(35.7) 46 (26.3)

>3 85 (34.7) 14 (20.0) 71 (40.6)
Previous therapies —no. (%)

Thalidomide 53 (21.6) 11 (15.7) 42 (24.0)

Bortezomib 185 (75.5) 50 (71.4) 135 (77.1)

Stem-cell transplantation 52(21.2) 12(17.1) 40 (22.9)

Note: IQR denotes interquartile range.
Abbreviations: HR-CA =high-risk chromosomal abnormalities [defined by the presence of del (17p), translocation t(4;14), or translocation t(14;16)]; iFISH =interphase
fluorescent in situ hybridization; ISS=1International Staging System; LDH =lactate dehydrogenase.
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TABLE 2 | Patient characteristics at the onset of skin rash.

Rash-onset
group (n=70)

Time from initiation of lenalidomide 12 (1-1073)

treatment to onset of skin rash —days

(range)

Patients who discontinued 12 (17.1)

lenalidomide treatment caused by rash

—no. (%)

Skin rash grade —no. (%)
1 30 (42.9)
2 21 (30.0)
3 12(17.1)
4 0(0)

1(1.4)

Missing data 6 (8.6)

Treatment of skin rash —no. (%)
Topical corticosteroid 31(44.2)
Antihistamine 35(50.0)
Systemic corticosteroid 15(21.4)

3.2 | Skin Rash Incidence

Seventy patients (28.6%) developed skin rashes during their
lenalidomide treatment. The median time of the skin rash onset
was 12days (range: 1-1073). The severity of the rash was grade
1, 2, 3, and 5 in 30, 21, 12, and 1 patient, respectively. Twelve
patients discontinued the treatment because of rash. Thirty-five
and 15 patients were administered antihistamines and systemic
corticosteroids, respectively. Thirty-one patients received topi-
cal corticosteroids (Table 2).

3.3 | Skin Rash Association With Survival

Figure 1 presents the Kaplan-Meier curves for PFS and OS.
According to the log-rank test, the median PFS was 22.4 and
10.5months in the rash-onset and rash-free groups, respectively
(95% CI: 10.219-15.648 p=0.003). The median OS was 42.6 and
24.6 months in the rash-onset and rash-free groups, respectively
(95%CI: 24.768-34.699 p=0.013).

Univariate and multivariate analyses were performed to iden-
tify the factors influencing PFS and OS. For PFS, our uni-
variate analysis identified factors including ISS, PS, several
treatments (> 3), history of thalidomide use, and occurrence
of skin rash. The bias of each factor was examined and several
treatments (>3) were excluded from the multivariate analy-
sis owing to data-based multicollinearity issues. Multivariate
analysis was performed for age, ISS, PS, history of thalido-
mide treatment, history of bortezomib treatment, and occur-
rence of skin rash. ISS, PS, history of thalidomide use, and

rash-free group
—ITrash-onset group
censored

—— censored

0.4+

Progression-free survival (probability)

0.2
0.0 T T T T T T T
0 12 24 36 48 60 72 84
Time (months)
1.0
rash-free group
—rash-onset group
censored
—+— censored
0.8

0.4

Overall survival (probability)

0.2

0.0 T T T T T T T
36 48 60 72 84

Time (Months)

FIGURE1 | Progression-freesurvival and overall survival according
to rash development in lenalidomide-treated patients.

occurrence of skin rash were significantly associated with PFS
(Table 3). Univariate analysis revealed that factors, including
ISS, HR-CA, PS, several treatments (> 3), history of thalido-
mide use, and occurrence of skin rash, were associated with
OS. Multivariate analysis was performed on the same items
as for PFS and found that PS, ISS, and history of thalidomide
use were significantly associated with OS (Table 4). A sub-
group analysis was performed for patients in the rash-onset
and rash-free groups for PFS and OS (Figure 2). Although the
results were from a subgroup analysis with a small number of
cases, they may not be similar to the overall results in the case
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TABLE 3 | Univariate and multivariate analysis-based predictive factors for PFS.
Univariate Analysis Multivariate Analysis
Hazard Hazard
Variable Ratio 95% CI P Value Ratio 95% CI P Value
Age>65 0.939 0.681-1.294 0.699 0.863 0.612-1.216 0.400
Female sex 1.136 0.849-1.522 0.391
ISS
Stage 1 1.000 1.000
Stage 2 1.014 0.703-1.463 0.941 0.991 0.679-1.445 0.962
Stage3 1.774 1.208-2.583 0.003 1.667 1.135-2.447 0.009
Elevated serum LDH level 1.097 0.784-1.533 0.590
HR-CA 1.002 0.600-1.673 0.993
Performance status
0 1.000 1.000
1 0.948 0.657-1.369 0.777 0.869 0.586-1.289 0.485
2 1.318 0.886-1.961 0.172 1.134 0.742-1.732 0.562
3 2.973 1.742-5.074 <0.001 2.898 1.678-5.006 <0.001
Number of previous lines of therapy >3 1.372 1.019-1.84 0.037
Previous therapies
Thalidomide 1.594 1.142-2.22 0.006 1.522 1.071-2.162 0.019
Bortezomib 1.204 0.860-1.685 0.279 1.068 0.748-1.525 0.719
Stem-cell transplantation 1.043 0.732-1.48 0.816
Occurrence of skin rash during lenalidomide 0.607 0.437-0.845 0.003 0.634 0.451-0.892 0.009

treatment

Abbreviations: HR-CA =high-risk chromosomal abnormalities [defined by the presence of del (17p), translocation t(4;14), or translocation t(14;16)]; ISS=International

Staging System; LDH =lactate dehydrogenase.

of ISS IIT and a history of thalidomide use, even if a skin rash
occurs in OS.

4 | Discussion

In this study, we found that PFS and OS were significantly higher
in patients who developed skin rashes during lenalidomide ther-
apy than in those without. Multivariate analysis indicated that
lenalidomide-induced skin rash was associated with PFS but not
OS. Multivariate analysis identified that lenalidomide-induced
skin rash, ISS (ISS III vs. ISS I), PS (PS 3 vs. PS 0), and a history
of thalidomide use were PFS-associated factors, while ISS (ISS
IIT vs. ISS I), PS3 (PS 3 vs. PS 0), and a history of thalidomide
use affected OS. ISS is a well-known apparent prognostic factor
for patients with MM [16]. Although no previous studies have
reported yet that PS alone would affect MM outcomes, Palumbo
et al. described the frailty scale as a prognostic factor [17]. In
addition, Facon et al. divided patients into frailty categories
based on age, comorbidities, and PS, finding that the frail group
had a shorter prognosis than the non-frail group [18]. Our study
did not consider frailty when assessing the general status of the

patients; however, we considered frailty to be a prognostic factor
for PS extraction.

A history of thalidomide use shortened PFS and OS with lenalid-
omide treatment. In addition, the results of the subgroup anal-
ysis suggest that lenalidomide-induced skin rash was unlikely
to have the same favorable prognosis if thalidomide was used.
However, as this was a subgroup analysis with a small number
of cases, further investigation is required. Wang et al. suggested
that a history of thalidomide treatment might lead to cross-
tolerance to lenalidomide, resulting in lower therapeutic efficacy
[19]. Thalidomide and lenalidomide are both classified as IMiDs;
however, they have different mechanisms of action [20]. A his-
tory of thalidomide use may decrease lenalidomide-induced skin
rashes, though no studies have demonstrated this. However, a
decrease in the incidence of lenalidomide-induced skin rashes
after bortezomib treatment has been reported [21]. Regarding
the factors affecting the frequency of lenalidomide skin rash,
Sugi et al. reported that bortezomib administration immediately
before lenalidomide administration was important [22]. One fac-
tor that may affect the frequency of lenalidomide skin rashes is a
change in the immune environment due to prior therapy.
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TABLE 4 | Univariate and multivariate analysis-based predictive factors for OS.
Univariate Analysis Multivariate Analysis
Hazard P Hazard
Variable Ratio 95% CI Value Ratio 95% CI P Value
Age >65 0.970 0.669-1.404 0.870 0.919 0.616-1.373 0.681
Female sex 0.965 0.685-1.359 0.839
ISS
Stage 1 1.000 1.000
Stage 2 1.145 0.737-1.778 0.546 1.123 0.709-1.781 0.620
Stage3 1.851 1.191-2.877 0.006 1.785 1.139-2.798 0.012
Elevated serum LDH level 1.253 0.851-1.845 0.254
HR-CA 2.131 1.041-4.363 0.038
Performance status
0 1.000 1.000
1 1.386 0.885-2.171 0.154 1.336 0.823-2.168 0.241
2 1.795 1.102-2.922 0.019 1.605 0.949-2.714 0.078
3 6.306 3.501-11.359  <0.001 6.254 3.403-11.494 <0.001
Number of previous lines of therapy >3 1.538 1.095-2.160 0.013
Previous therapies
Thalidomide 1.636 1.127-2.377 0.010 1.576 1.055-2.356 0.026
Bortezomib 1.256 0.842-1.874 0.263 1.100 0.718-1.685 0.661
Stem-cell transplantation 0.890 0.586-1.350 0.583
Occurrence of skin rash during lenalidomide 0.606 0.405-0.905 0.014 0.684 0.452-1.033 0.071

treatment

Abbreviations: HR-CA =high-risk chromosomal abnormalities [defined by the presence of del (17p), translocation t(4;14), or translocation t(14;16)]; ISS=International

Staging System; LDH =lactate dehydrogenase.

Although HR-CA was a significant factor in the univariate
analysis of OS, it was not included in the multivariate analy-
sis because of numerous missing values. We also considered a
subgroup analysis in cases with HR-CA data, but the number
of cases was small, and the estimates obtained were unstable.
Because HR-CA is an endpoint of the Revised ISS [16], which
has been proposed as a predictive model, we believe that it
should have been included in the analysis; this is a limitation of
this retrospective study.

Several studies have focused on the relationship between
lenalidomide-induced skin rashes and prognosis. In a phase
1T study of lenalidomide treatment in patients with relapsed/
refractory T-cell non-Hodgkin lymphoma, 6 of 24 patients de-
veloped skin rash, and the response rate of patients who de-
veloped skin rash indicated a significantly better prognosis
than those who did not [23]. In a retrospective study of lena-
lidomide- and dexamethasone-treated patients with MM, 14
of 46 patients developed skin rashes, with a significantly lon-
ger median time to subsequent treatment than those who did
not [24]. Another retrospective study reported that 25 of 100
patients treated with lenalidomide monotherapy or dexameth-
asone combination therapy developed skin rash and that the

time to the next treatment was significantly longer for those
who developed skin rash than those who did not. They also
reported that the 5-year survival and OS rates were not statis-
tically different between the two groups [25]. However, these
studies did not discuss the influence of factors other than skin
rashes. Our study was adjusted for confounding factors and
revealed that lenalidomide-induced skin rash was an indepen-
dent PFS prognostic factor. Additionally, this study analyzed
the largest number of patients in similar previous studies.

Anticancer agents, such as erlotinib and gefitinib (both anti-
EGFR antibody drugs), were the first drugs with a reported
correlation between prognosis and adverse skin rash devel-
opment [26]. Recently, a skin rash caused by immune check-
point inhibitors, such as anti-programmed cell death protein
1 (PD-1) and anti-programmed death-ligand 1 (PD-L1) as
well as the anti-CCR4 antibody mogamulizumab, have been
described to correlate with prognosis [9, 10]. Typical im-
mune checkpoint inhibitor- and anti-CCR antibody-specific
immune-related adverse events (irAEs) often occur in the
skin and the involvement of Tregs in irAE-related pathogen-
esis has become increasingly clear [11]. As anti-PD-1, anti-
PDL-1, and anti-CCR4 antibodies reduce Tregs through an
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FIGURE 2 | Subgroup analysis of cases in the rash-onset and rash-
free groups for progression-free survival (A) and overall survival (B).

antitumor effect, these agents could cause irAEs in addition
to antitumor immunity [11, 12]. As lenalidomide suppresses
Tregs [7], we hypothesized that Tregs might also contribute to
lenalidomide-induced skin rash development. In the periph-
eral blood and bone marrow of patients with MM, a high fre-
quency of Tregs has been reported to have a shorter prognosis
than a low frequency of Tregs [27-29]. Overall, lenalidomide-
induced Treg suppression may lead to the development of skin
rashes and prolonged survival.

Another feature of lenalidomide-induced skin rashes is a de-
layed hypersensitivity reaction. In our study, the incidence of
lenalidomide-induced skin rashes was 28.9%, with a median
onset time of 12.5days. A previous meta-analysis reported a

lenalidomide treatment-related skin rash incidence of approx-
imately 30% [30]. Skin rash onset was considered to occur
during the first or second treatment course [31], which is con-
sistent with the results of the current study. Generally, delayed
reactions involving T cells are classified as type IV and are ac-
tivated through specific cytokines and chemokines [32]. The
mechanism of action of lenalidomide-induced skin rash has
yet to be determined; however, several reports have been pub-
lished. Phan et al. reported that IMiDs induced the production
of the T helper type 2 (Th2) chemokine CCL17 and that CCL17
levels in patients with lenalidomide-induced skin rash were
significantly higher than in those without [24]. Dote et al.
reported increased eosinophil counts in 43% of patients who
developed skin rashes during lenalidomide treatment [21].
CCL17 is a chemokine that induces eosinophilic infiltration.
Lenalidomide-induced skin rashes may result from allergic
reactions induced by Th2 activation. In addition, there have
been several reports of Treg reduction in the pathogenesis
of delayed drug reactions [12, 13, 33]. In general, Treg sup-
pression enhances the Th2 immune response [34]. In lenalid-
omide- and dexamethasone-treated patients with MM, Treg
cells were reported to decrease in the first cycle and then grad-
ually increased as the treatment progressed through cycles 4,
7, and 10 [35]. Because lenalidomide most frequently causes
skin rashes in the first cycle, an association between reduced
Tregs and skin rash development can be inferred.

Lenalidomide regimens for MM are often combined with
corticosteroids, such as dexamethasone. No difference in the
development of skin rash was reported between patients who
received lenalidomide monotherapy and those who received
it in combination with dexamethasone. These findings sug-
gest that the risk of skin rash is independent of concomitant
dexamethasone administration [30]. In our study, all patients
were treated with a combination of dexamethasone or pred-
nisolone. Corticosteroids are commonly used to treat drug
eruptions and irAEs caused by immune checkpoint inhibi-
tors. It has been suggested that the immunosuppressive effect
of corticosteroids may reduce the efficacy of immune check-
point inhibitors and lead to cancer progression [36], though
temporary systemic corticosteroid administration at the onset
of irAEs does not appear to affect overall survival [37, 38]. In
a noninferiority study comparing low- and high-dose dexa-
methasone plus lenalidomide, the low-dose dexamethasone
group had significantly longer 1-year OS and fewer adverse
events [39]. In our study, systemic corticosteroids were used
in 15 patients for lenalidomide-induced skin rashes; however,
detailed information on the steroid dosage and duration of
administration was not available. Although there are no re-
ports examining whether temporary steroid use at the onset
of lenalidomide-induced skin rash affects overall survival,
caution is warranted when using steroids in combination with
lenalidomide over the long term. However, the use of steroids
is recommended by a systematic review and consensus state-
ment for adequate control of skin rashes [30, 40].

Lenalidomide-associated skin rashes are often mild and can be
controlled with antihistamines and steroids [8, 30, 31]. In our
study, 73% of the patients who developed skin rashes were grade
1 or 2, and 12 of the 70 patients discontinued lenalidomide due to
skin rashes. One of the patients who developed skin rash died; this
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patient was diagnosed with drug-induced hypersensitivity syn-
drome, a severe drug rash. Stevens-Johnson syndrome and toxic
epidermal necrolysis have been reported as drug eruptions caused
by lenalidomide [41, 42]. Although several skin rash cases can be
controlled with drug therapy, collaboration with dermatologists is
crucial considering the potential occurrence of severe cases.

Our study had certain limitations. This was a retrospective
study, and information bias was used to diagnose skin rashes.
Information was collected on skin rashes from the medical re-
cords of attending physicians and medical staff; not all cases
were diagnosed by dermatologists. Because of this, we could have
included cases of skin rash or hypersensitivity reactions caused
by factors other than lenalidomide. Additionally, although we
adjusted for confounders using multivariate analysis, unknown
factors other than those examined in our study may also exist.
MM treatment has recently improved disease prognosis with
various newer emerging therapies. Lenalidomide is often used in
combination with proteasome inhibitors, antihuman SLAMF7
antibodies, and human anti-CD38 monoclonal antibodies. We
conducted this study before these new agents were used, allow-
ing us to evaluate the studied data, excluding the effects of the
new agents. Our study is important as the confounding effects of
concomitant medications must be considered when evaluating
the effects of lenalidomide on skin rashes in the future.

5 | Conclusions

In this study, PFS was significantly prolonged in lenalidomide-
treated patients who developed skin rashes compared with
those who did not. These results suggest that the emergence of
lenalidomide-induced skin rashes in patients with MM may be
associated with prognosis.

Author Contributions

Study design: Ayumi Nakamura, Yuka Tanaka, Daisuke Tsuchimoto,
Tetsufumi Kanematsu, Kento Takeuchi, Nobukazu Tomita, Kenji
Miyazawa, Tomohiro Fukuoka, Akiya Mori, Aiko Fujioka, Satoshi
Yokoyama, Yoshiaki Ikeda, and Hirokazu Nagai. Data acquisition:
Yuta Kimura, Yuka Tanaka, Daisuke Tsuchimoto, Atsuhiko Naruse,
Tetsufumi Kanematsu, Kento Takeuchi, Nobukazu Tomita, Kenji
Miyazawa, Tomohiro Fukuoka, Akiya Mori, and Shinya Tamaki.
Data analysis/interpretation: Ayumi Nakamura and Hirokazu Nagai.
Drafting/revision of manuscript: Ayumi Nakamura, Aiko Fujioka, and
Hirokazu Nagai. All authors have critically revised the manuscript and
approved the manuscript for publication.

Acknowledgments

We thank Rina Etani for data acquisition and Editage (www.editage.
jp/) for English language editing. The authors are fully responsible for
the content and editorial decisions related to this manuscript.

Conflicts of Interest

HirokazuNagai: Honoraria: Abbvie, AstraZene, Genmab, Janssen, Lilly,
Takeda, Kyowa Kirin, MSD, Esai, Novartis, Ono, Dainippon Sumitomo,
Chugai, Meiji, Mundi pharma, GSK, BMS; Research Funding: Abbvie,
Astra Zene, Beigene, Genmab, HUYA, Janssen, Lilly, Takeda, Kyowa
Kirin, MSD, Mitsubishi Tanabe, Chugai, Daiichi Sankyo, Celgene,
Zenyaku Kogyo, Solasia, Ono, Chugai, Mitsubishi-Tanabe, Haihe.

Data Availability Statement

The data that support the findings of this study are available from the
corresponding author, Ayumi Nakamura, upon reasonable request.

References

1. S. V. Rajkumar, “Multiple Myeloma: 2022 Update on Diagnosis, Risk
Stratification, and Management,” American Journal of Hematology 97,
no. 8 (2022): 1086-1107, https://doi.org/10.1002/ajh.26590.

2.J. Kronke, N. D. Udeshi, A. Narla, et al., “Lenalidomide Causes Se-
lective Degradation of IKZF1 and IKZF3 in Multiple Myeloma Cells,”
Science 343, no. 6168 (2014): 301-305, https://doi.org/10.1126/science.
1244851.

3.C. C. Bjorklund, L. Lu, J. Kang, et al., “Rate of CRL4(CRBN) Sub-
strate Ikaros and Aiolos Degradation Underlies Differential Activity of
Lenalidomide and Pomalidomide in Multiple Myeloma Cells by Regu-
lation of c-Myc and IRF4,” Blood Cancer Journal 5, no. 10 (2015): e354,
https://doi.org/10.1038/bcj.2015.66.

4. A. De Luisi, A. Ferrucci, A. M. L. Coluccia, et al., “Lenalidomide Re-
strains Motility and Overangiogenic Potential of Bone Marrow Endo-
thelial Cells in Patients With Active Multiple Myeloma,” Clinical Cancer
Research 17, no. 7 (2011): 1935-1946, https://doi.org/10.1158/1078-0432.
CCR-10-2381.

5. K. Yamamoto, T. Kitawaki, N. Sugimoto, et al., “Anti-Inflammatory
Modulation of Human Myeloid-Derived Dendritic Cell Subsets by Lena-
lidomide,” Immunology Letters 211 (2019): 41-48, https://doi.org/10.
1016/j.imlet.2019.05.012.

6. B. Paiva, M. V. Mateos, L. I. Sanchez-Abarca, et al., “Program Study
and Treatment of Hematological Malignancies Cooperative Study
Groups. Immune Status of High-Risk Smoldering Multiple Myeloma Pa-
tients and Its Therapeutic Modulation Under LenDex: A Longitudinal
Analysis,” Blood 127, no. 9 (2016): 1151-1162, https://doi.org/10.1182/
blood-2015-10-662320.

7.C. Galustian, B. Meyer, M. C. Labarthe, et al., “The Anti-Cancer
Agents Lenalidomide and Pomalidomide Inhibit the Proliferation and
Function of T Regulatory Cells,” Cancer Immunology, Immunotherapy
58, no. 7 (2009): 1033-1045, https://doi.org/10.1007/s00262-008-0620-4.

8. A. Palumbo, M. Dimopoulos, J. San Miguel, et al., “Lenalidomide in
Combination With Dexamethasone for the Treatment of Relapsed or
Refractory Multiple Myeloma,” Blood Reviews 23, no. 2 (2009): 87-93,
https://doi.org/10.1016/j.blre.2008.07.003.

9.S. Das and D. B. Johnson, “Immune-Related Adverse Events and
Anti-Tumor Efficacy of Immune Checkpoint Inhibitors,” Journal for
Immunotherapy of Cancer 7, no. 1 (2019): 306, https://doi.org/10.1186/
$40425-019-0805-8.

10. T. Ishida, A. Utsunomiya, T. Jo, et al., “Mogamulizumab for Relapsed
Adult T-Cell Leukemia-Lymphoma: Updated Follow-Up Analysis of
Phase I and II Studies,” Cancer Science 108, no. 10 (2017): 2022-2029,
https://doi.org/10.1111/cas.13343.

11. P. Kumar, S. Saini, and B. S. Prabhakar, “Cancer Immunotherapy
With Check Point Inhibitor Can Cause Autoimmune Adverse Events
due to Loss of Treg Homeostasis,” Seminars in Cancer Biology 64 (2020):
29-35, https://doi.org/10.1016/j.semcancer.2019.01.006.

12. T. Ishida, A. Ito, F. Sato, et al., “Stevens-Johnson Syndrome Asso-
ciated With Mogamulizumab Treatment of Adult T-Cell Leukemia /
Lymphoma,” Cancer Science 104, no. 5 (2013): 647-650, https://doi.org/
10.1111/cas.12116.

13. T. Honda, M. Hishizawa, T. R. Kataoka, et al., “Stevens-Johnson
Syndrome Associated With Mogamulizumab-Induced Deficiency
of Regulatory T Cells in an Adult T-Cell Leukaemia Patient,” Acta
Dermato-Venereologica 95, no. 5 (2015): 606-607, https://doi.org/10.
2340/00015555-2027.

274

European Journal of Haematology, 2025

- 221 -


http://www.editage.jp/
http://www.editage.jp/
https://doi.org/10.1002/ajh.26590
https://doi.org/10.1126/science.1244851
https://doi.org/10.1126/science.1244851
https://doi.org/10.1038/bcj.2015.66
https://doi.org/10.1158/1078-0432.CCR-10-2381
https://doi.org/10.1158/1078-0432.CCR-10-2381
https://doi.org/10.1016/j.imlet.2019.05.012
https://doi.org/10.1016/j.imlet.2019.05.012
https://doi.org/10.1182/blood-2015-10-662320
https://doi.org/10.1182/blood-2015-10-662320
https://doi.org/10.1007/s00262-008-0620-4
https://doi.org/10.1016/j.blre.2008.07.003
https://doi.org/10.1186/s40425-019-0805-8
https://doi.org/10.1186/s40425-019-0805-8
https://doi.org/10.1111/cas.13343
https://doi.org/10.1016/j.semcancer.2019.01.006
https://doi.org/10.1111/cas.12116
https://doi.org/10.1111/cas.12116
https://doi.org/10.2340/00015555-2027
https://doi.org/10.2340/00015555-2027

14. S. M. Tinsley, S. E. Kurtin, and J. A. Ridgeway, “Practical Manage-
ment of Lenalidomide-Related Rash,” Clinical Lymphoma, Myeloma &
Leukemia 15, no. Supplement (2015): S64-S69, https://doi.org/10.1016/j.
clml.2015.02.008.

15.Y. Kanda, “Investigation of the Freely Available Easy-To-Use Soft-
ware ‘EZR’ for Medical Statistics,” Bone Marrow Transplantation 48,
no. 3 (2013): 452-458, https://doi.org/10.1038/bmt.2012.244.

16. A. Palumbo, H. Avet-Loiseau, S. Oliva, et al., “Revised International
Staging System for Multiple Myeloma: A Report From International My-
eloma Working Group,” Journal of Clinical Oncology 33, no. 26 (2015):
2863-2869, https://doi.org/10.1200/JC0.2015.61.2267.

17. A. Palumbo, S. Bringhen, M. V. Mateos, et al., “Geriatric Assessment
Predicts Survival and Toxicities in Elderly Myeloma Patients: An Inter-
national Myeloma Working Group Report,” Blood 125, no. 13 (2015):
2068-2074, https://doi.org/10.1182/blood-2014-12-615187.

18. T. Facon, M. A. Dimopoulos, N. Meuleman, et al., “A Simplified
Frailty Scale Predicts Outcomes in Transplant-Ineligible Patients With
Newly Diagnosed Multiple Myeloma Treated in the FIRST (MM-020)
Trial,” Leukemia 34, no. 1 (2020): 224-233, https://doi.org/10.1038/
$41375-019-0539-0.

19. M. Wang, M. A. Dimopoulos, C. Chen, et al., “Lenalidomide Plus
Dexamethasone Is More Effective Than Dexamethasone Alone in Pa-
tients With Relapsed or Refractory Multiple Myeloma Regardless of
Prior Thalidomide Exposure,” Blood 112, no. 12 (2008): 4445-4451,
https://doi.org/10.1182/blood-2008-02-141614.

20. H. Quach, D. Ritchie, A. K. Stewart, et al., “Mechanism of Action of
Immunomodulatory Drugs (IMiDS) in Multiple Myeloma,” Leukemia
24, no. 1 (2010): 22-32, https://doi.org/10.1038/1eu.2009.236.

21.S. Dote, K. Ito, S. Itakura, et al., “Impact of Prior Bortezomib Ther-
apy on the Incidence of Lenalidomide-Induced Skin Rash in Multiple
Myeloma: A Propensity Score-Matched Multi-Institutional Cohort
Study,” Leukemia & Lymphoma 60, no. 12 (2019): 2975-2981, https://doi.
org/10.1080/10428194.2019.1608531.

22.T. Sugi, M. Mita, T. Yasu, et al., “Preceding Bortezomib Adminis-
tration for a Certain Period Reduces the Risk of Lenalidomide-Induced
Skin Rash,” Journal of Clinical Pharmacy and Therapeutics 47, no. 4
(2022): 477-482, https://doi.org/10.1111/jcpt.13568.

23. G. Dueck, N. Chua, A. Prasad, et al., “Interim Report of a Phase 2
Clinical Trial of Lenalidomide for T-Cell Non-Hodgkin Lymphoma,”
Cancer 116, no. 19 (2010): 4541-4548, https://doi.org/10.1002/cncr.
25377.

24.V.Phan, T.Ito, M. Inaba, et al., “Immunomodulatory Drugs Suppress
Th1-Inducing Ability of Dendritic Cells but Enhance Th2-Mediated Al-
lergic Responses,” Blood Advances 4, no. 15 (2020): 3572-3585, https://
doi.org/10.1182/bloodadvances.2019001410.

25.J. Behrmann, R.J. Vanaria, S. Meledathu, et al., “Outcomes Analysis
of Lenalidomide-Induced Rashes in Myeloma Patients,” Blood 142, no.
Supplement 1 (2023): 6689, https://doi.org/10.1182/blood-2023-184906.

26. F. Petrelli, K. Borgonovo, M. Cabiddu, V. Lonati, and S. Barni, “Re-
lationship Between Skin Rash and Outcome in Non-small-Cell Lung
Cancer Patients Treated With Anti-EGFR Tyrosine Kinase Inhibitors:
A Literature-Based Meta-Analysis of 24 Trials,” Lung Cancer 78, no. 1
(2012): 8-15, https://doi.org/10.1016/j.lungcan.2012.06.009.

27. K. Giannopoulos, W. Kaminska, I. Hus, and A. Dmoszynska, “The
Frequency of T Regulatory Cells Modulates the Survival of Multiple My-
eloma Patients: Detailed Characterisation of Immune Status in Multiple
Myeloma,” British Journal of Cancer 106, no. 3 (2012): 546-552, https://
doi.org/10.1038/bjc.2011.575.

28.N. Alrasheed, L. Lee, E. Ghorani, et al., “Marrow-Infiltrating Regu-
latory T Cells Correlate With the Presence of Dysfunctional CD4*PD-1*
Cells and Inferior Survival in Patients With Newly Diagnosed Multi-
ple Myeloma,” Clinical Cancer Research 26, no. 13 (2020): 3443-3454,
https://doi.org/10.1158/1078-0432.CCR-19-1714.

29. R. J. Pessoa de Magalhaes, M. B. Vidriales, B. Paiva, et al., “Grupo
Castellano-Leones de Gammapatias Monoclonales, Cooperative Study
Groups. Analysis of the Immune System of Multiple Myeloma Patients
Achieving Long-Term Disease Control by Multidimensional Flow Cy-
tometry,” Haematologica 98, no. 1 (2013): 79-86, https://doi.org/10.
3324/haematol.2012.067272.

30. B. Nardone, S. Wu, B. C. Garden, D. P. West, L. M. Reich, and M. E.
Lacouture, “Risk of Rash Associated With Lenalidomide in Cancer Pa-
tients: A Systematic Review of the Literature and Meta-Analysis,” Clin-
ical Lymphoma, Myeloma & Leukemia 13, no. 4 (2013): 424-429, https://
doi.org/10.1016/j.clm1.2013.03.006.

31. H. P. Sviggum, M. D. P. Davis, S. V. Rajkumar, and A. Dispenzieri,
“Dermatologic Adverse Effects of Lenalidomide Therapy for Amyloido-
sis and Multiple Myeloma,” Archives of Dermatology 142, no. 10 (2006):
1298-1302, https://doi.org/10.1001/archderm.142.10.1298.

32.S.J. Posadas and W. J. Pichler, “Delayed Drug Hypersensitivity Re-
actions - New Concepts,” Clinical and Experimental Allergy 37, no. 7
(2007): 989-999, https://doi.org/10.1111/j.1365-2222.2007.02742.X.

33. R. Takahashi, Y. Kano, Y. Yamazaki, M. Kimishima, Y. Mizukawa,
and T. Shiohara, “Defective Regulatory T Cells in Patients With Severe
Drug Eruptions: Timing of the Dysfunction Is Associated With the
Pathological Phenotype and Outcome,” Journal of Immunology 182, no.
12 (2009): 8071-8079, https://doi.org/10.4049/jimmunol.0804002.

34.F. Van Gool, M. L. T. Nguyen, M. R. Mumbach, et al., “A Mutation in
the Transcription Factor Foxp3 Drives T Helper 2 Effector Function in
Regulatory T Cells,” Immunity 50, no. 2 (2019): 362-377.e6, https://doi.
0rg/10.1016/j.immuni.2018.12.016.

35. G.B.Scott, C. Carter, C. Parrish, P. M. Wood, and G. Cook, “Downreg-
ulation of Myeloma-Induced ICOS-L and Regulatory T Cell Generation
by Lenalidomide and Dexamethasone Therapy,” Cellular Immunology
297, no. 1 (2015): 1-9, https://doi.org/10.1016/j.cellimm.2015.05.002.

36. A. Tokunaga, D. Sugiyama, Y. Maeda, et al., “Selective Inhibition
of Low-Affinity Memory CD8* T Cells by Corticosteroids,” Journal of
Experimental Medicine 216, no. 12 (2019): 2701-2713, https://doi.org/10.
1084/jem.20190738.

37.T. Z. Horvat, N. G. Adel, T. O. Dang, et al., “Immune-Related Ad-
verse Events, Need for Systemic Immunosuppression, and Effects on
Survival and Time to Treatment Failure in Patients With Melanoma
Treated With Ipilimumab at Memorial Sloan Kettering Cancer Center,”
Journal of Clinical Oncology 33, no. 28 (2015): 3193-3198, https://doi.
0rg/10.1200/JC0O.2015.60.8448.

38. M. Skribek, K. Rounis, S. Afshar, et al., “Effect of Corticosteroids
on the Outcome of Patients With Advanced Non-small Cell Lung Can-
cer Treated With Immune-Checkpoint Inhibitors,” European Journal of
Cancer 145 (2021): 245-254, https://doi.org/10.1016/j.ejca.2020.12.012.

39.S. V. Rajkumar, S. Jacobus, N. S. Callander, et al., “Lenalidomide
Plus High-Dose Dexamethasone Versus Lenalidomide Plus Low-Dose
Dexamethasone as Initial Therapy for Newly Diagnosed Multiple My-
eloma: An Open-Label Randomised Controlled Trial,” Lancet Oncology
11, no. 1 (2010): 29-37, https://doi.org/10.1016/S1470-2045(09)70284-0.

40. M. A. Dimopoulos, A. Palumbo, M. Attal, et al., “Optimizing the Use
of Lenalidomide in Relapsed or Refractory Multiple Myeloma: Consen-
sus Statement,” Leukemia 25, no. 5 (2011): 749-760, https://doi.org/10.
1038/1eu.2011.3.

41. C. P. Castaneda, N. A. Brandenburg, R. Bwire, G. H. Burton, and
J. B. Zeldis, “Erythema Multiforme/Stevens-Johnson Syndrome/Toxic
Epidermal Necrolysis in Lenalidomide-Treated Patients,” Journal of
Clinical Oncology 27, no. 1 (2009): 156-157, https://doi.org/10.1200/
JCO0.2008.20.3737.

42.C. Musolino, A. Alonci, S. Catena, et al., “Long-Term Complete
Remission in a Multiple Myeloma Patient After Stevens-Johnson Syn-
drome due to Lenalidomide Therapy,” Acta Oncologica 52, no. 5 (2013):
1050-1051, https://doi.org/10.3109/0284186X.2012.732706.

275

- 222 -


https://doi.org/10.1016/j.clml.2015.02.008
https://doi.org/10.1016/j.clml.2015.02.008
https://doi.org/10.1038/bmt.2012.244
https://doi.org/10.1200/JCO.2015.61.2267
https://doi.org/10.1182/blood-2014-12-615187
https://doi.org/10.1038/s41375-019-0539-0
https://doi.org/10.1038/s41375-019-0539-0
https://doi.org/10.1182/blood-2008-02-141614
https://doi.org/10.1038/leu.2009.236
https://doi.org/10.1080/10428194.2019.1608531
https://doi.org/10.1080/10428194.2019.1608531
https://doi.org/10.1111/jcpt.13568
https://doi.org/10.1002/cncr.25377
https://doi.org/10.1002/cncr.25377
https://doi.org/10.1182/bloodadvances.2019001410
https://doi.org/10.1182/bloodadvances.2019001410
https://doi.org/10.1182/blood-2023-184906
https://doi.org/10.1016/j.lungcan.2012.06.009
https://doi.org/10.1038/bjc.2011.575
https://doi.org/10.1038/bjc.2011.575
https://doi.org/10.1158/1078-0432.CCR-19-1714
https://doi.org/10.3324/haematol.2012.067272
https://doi.org/10.3324/haematol.2012.067272
https://doi.org/10.1016/j.clml.2013.03.006
https://doi.org/10.1016/j.clml.2013.03.006
https://doi.org/10.1001/archderm.142.10.1298
https://doi.org/10.1111/j.1365-2222.2007.02742.x
https://doi.org/10.4049/jimmunol.0804002
https://doi.org/10.1016/j.immuni.2018.12.016
https://doi.org/10.1016/j.immuni.2018.12.016
https://doi.org/10.1016/j.cellimm.2015.05.002
https://doi.org/10.1084/jem.20190738
https://doi.org/10.1084/jem.20190738
https://doi.org/10.1200/JCO.2015.60.8448
https://doi.org/10.1200/JCO.2015.60.8448
https://doi.org/10.1016/j.ejca.2020.12.012
https://doi.org/10.1016/S1470-2045(09)70284-0
https://doi.org/10.1038/leu.2011.3
https://doi.org/10.1038/leu.2011.3
https://doi.org/10.1200/JCO.2008.20.3737
https://doi.org/10.1200/JCO.2008.20.3737
https://doi.org/10.3109/0284186X.2012.732706

Open access

Original research

Cognitive impairment in PSP compared
with PD: assessment by clinical subtype
and longitudinal change

To cite: Tsuboi T, Tatsumi H,
Kobayasi K, et al. Cognitive
impairment in PSP compared
with PD: assessment by clinical
subtype and longitudinal
change. BMJ Neurology Open
2025;7:000946. doi:10.1136/
bmjno-2024-000946

Received 16 October 2024
Accepted 21 December 2024

| '.) Check for updates

© Author(s) (or their
employer(s)) 2025. Re-use
permitted under CC BY-NC. No
commercial re-use. See rights
and permissions. Published by
BMJ Group.

"Department of Rehabilitation,
National Hospital Organization

Higashinagoya National Hospital,

Nagoya, Japan

%pichi Gakuin University, Nissin,
Japan

*Department of Neurology,
National Hospital Organization

Higashinagoya National Hospital,

Nagoya, Japan

Correspondence to

Takeharu Tsuboi;
tsuboi.takeharu.jn@mail.hosp.
go.jp

Takeharu Tsuboi
lkuko Aiba®

ABSTRACT

Background Longitudinal studies investigating cognitive
function changes in patients with progressive supranuclear
palsy (PSP) are limited. The variability of cognitive
impairment across clinical subtypes of PSP remains
unclear.

Objective This study aimed to compare the longitudinal
changes in cognitive function between patients with PSP
and Parkinson’s disease (PD) and to assess differences in
cognitive impairment among PSP subtypes.

Methods A retrospective observational study was
conducted using neuropsychological testing data from
patients with PSP and PD admitted to our hospital.
Results The study included 38 patients with PD and

41 patients with PSP (23 PSP-Richardson’s syndrome,

14 PSP-progressive gait freezing (PSP-PGF), 3 PSP-
Parkinsonism and 1 PSP-predominant corticobasal
syndrome). At baseline, cognitive function was significantly
lower in the PSP group than in the PD group. Over 12
months, patients with PSP exhibited significant declines

in multiple cognitive domains, whereas no significant
changes were observed in the PD group. Among PSP
subtypes, PSP-RS showed a faster rate of cognitive decline
than PD, while PSP-PGF demonstrated a lower progression
than PSP-RS.

Conclusion PSP is associated with progressive cognitive
impairment, with rates of decline varying by subtype. PSP-
PGF exhibited a slower progression than PSP-RS. Clinical
management should consider subtype-specific differences
in cognitive prognosis to tailor treatment and care.

INTRODUCTION

Progressive supranuclear palsy (PSP) is a rare
neurodegenerative disorder typically mani-
festing in middle-aged or older adults. Charac-
terised by early-onset postural instability, PSP
presents with symptoms such as supranuclear
oculomotor dysfunction, gait disturbances,
dysarthria, dysphagia, neck and upper body
rigidity and cognitive impairment.

Since a 2005 study using hierarchical cluster
analysis of 103 pathologically confirmed PSP
cases in the UK, multiple subtypes of PSP
have been identified. These include PSP-
Parkinsonism (PSP-P),? characterised by
Parkinsonism; PSP-pure akinesia with gait

," Hiroshi Tatsumi,? Kosuke Kobayasi," Rina Hashimoto,?

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Progressive supranuclear palsy (PSP) is associated
with a higher prevalence of cognitive impairment
than Parkinson’s disease (PD) with pronounced fron-
tal lobe dysfunction.

WHAT THIS STUDY ADDS

= PSP demonstrated progressive cognitive decline
over 12 months, while PD showed no significant
changes. Among PSP subtypes, PSP-progressive
gait freezing had slower cognitive decline than PSP-
Richardson’s syndrome.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Long-term evaluations of PSP by clinical subtype
are essential for optimising patient management
and prognosis.

freezing,” marked by gait freezing; and PSP
with cerebellar ataxia,® defined by signifi-
cant limb ataxia. The most common clinical
presentation, Richardson’s syndrome (PSP-
RS), primarily features oculomotor dysfunc-
tion and severe postural instability.” PSP
prevalence ranges from 5 to 20 per 100000
individuals globally.”

Cognitive  dysfunction in PSP  typi-
cally involves mild memory deficits and
pronounced frontal lobe impairments, such
as reduced executive function, verbal fluency
and initiation.’

Parkinson’s disease (PD) is a neurodegen-
erative disorder characterised by the presence
of Lewy bodies and the degeneration and loss
of dopaminergic neurons in the substantia
nigra. The primary motor symptoms of PD
include bradykinesia, resting tremor, muscle
rigidity and postural instability.” PD is preva-
lent, affecting approximately 1 in 1000 indi-
viduals, making it the second most common
neurodegenerative disorder after Alzheimer’s
disease.”

In addition, to motor symptoms, PD is asso-
ciated with non-motor symptoms, including
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psychiatric symptoms (eg, depression and apathy), auto-
nomic dysfunction, olfactory impairment and cognitive
deficits. Cognitive dysfunction in PD encompasses impair-
ments in memory and executive function which may
manifest during early or even preclinical stages.” Among
non-motor symptoms, cognitive dysfunction is the most
prevalent with dementia observed in 60% of patients
12-year postdiagnosis and 80% of patients 20 years after
diagnosis."” Early cognitive dysfunction in PD typically
spares memory and orientation but is marked by impair-
ments in attention, executive dysfunction and visuospa-
tial cognition.""

PSP is a rarer, rapidly progressing neurodegenerative
disorder with a poorer prognosis than PD.'* While studies
on cognitive dysfunction in atypical Parkinsonism are
limited compared with PD,13 PSP has been less studied,
particularly regarding its longitudinal impact on cogni-
tive function. Few studies have explored differences in
cognitive trajectories among PSP clinical subtypes'*'* and
research on Japanese patients remains scarce. Addressing
these gaps may enhance the differentiation of PSP from
PD and improve patient care.'’

This study aimed to compare longitudinal changes in
cognitive function between patients with PSP and PD and
to investigate these changes across PSP clinical subtypes.

METHODS
Research design
This study employed a retrospective observational design.

Research period
Data were collected between 1 April 2013 and 31 August
2023.

Participants

Participants were patients diagnosed with PD or PSP
who were admitted to the National Hospital Organiza-
tion Higashinagoya National Hospital. Cognitive func-
tion evaluations were performed under the orders of the
primary physicians.

Inclusion/exclusion criteria
Inclusion criteria included patients diagnosed with PD on
the UK Parkinson’s Disease Society Brain Bank criteria'®
or PSP based on the Movement Disorder Society (MDS-
PSP) diagnostic criteria'” and native Japanese speakers.
The exclusion criteria included patients with other
neurological or psychiatric disorders, patients with
unstable general health conditions and patients with a
family history suggesting hereditary disease.

Classification of participants

To address the rapid progression of PSP symptoms
compared with PD, participants were stratified by age and
disease duration. PSP subtypes were classified based on
the MDS-PSP criteria into PSP-Richardson’s syndrome
(PSP-RS), PSP-progressive gait freezing (PSP-PGF), PSP-P
and PSP-predominant corticobasal syndrome (PSP-CBS).

Due to limited sample sizes, analyses focused on PSP-RS
and PSP-PGF subtypes.

Patient characteristics

Data collected included age and gender, education level,
disease type and clinical subtype (for PSP), disease dura-
tion, Hoehn and Yahr stage for PD, Unified Parkinson’s
Disease Rating Scale for PD'® and Progressive Supranu-
clear Palsy Rating Scale (PSP-RS) for PSP."

Neuropsychological testing

General cognitive function assessment

» Mini-Mental State Examination (MMSE): A cognitive
screening tool (cut-off: 24/30 points).*’

» Hasegawa Dementia Rating Scale-Revised (HDS-R): A
widely used tool in Japan (cut-off: 20/30 points).'

» Japanese version of the Montreal Cognitive Assess-
ment (MoCA-]): Assesses mild cognitive impairment
(cut-off: 26/30 points).22

Frontal lobe functional assessment

» Frontal Assessment Battery (FAB): Evaluates execu-
tive functions (cut-off: 10/18 points).23

» Stroop Color-Word Test: Measures response inhibi-
tion and selective attention through reaction time.**

» Verbal Fluency Test (phonological): Assesses execu-
tive function based on the number of words gener-
ated within 1 min.

Attention and working memory assessment

» Trail Making Test (TMT)

- TMT-A: Assesses selective attention and visual
search ability.

- TMT-B: Evaluates working memory and distributive
attention.

- Completion times were recorded.”

» Digit span test (Clinical Assessment for Attention):
Assesses attention, working memory and verbal short-
term memory.*®
- Cut-offs for individuals in their 60s: 5.8 digits (for-

ward) and 4.3 digits (reverse).

Intellectual function assessment

» Raven’s Coloured Progressive Matrices (RCPM):
Measures visuospatial intellectual function (cut-off:
24/36 points).”’

Visuospatial function assessment

» Judgement of Line Orientation (Repeatable Battery
for the Assessment of Neuropsychological Status):
Evaluates visuospatial abilities (total score: 20
points).*

Language functional assessment

» Verbal fluency (Meaning) in the HDS-R: This language
function assessment measures verbal fluency. The
score reflects the number of words (eg, vegetables)
generated within 1 min.
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Amount of change

For each disease, we compared the results of the first and
second neuropsychological tests (MMSE, HDS-R, MoCA-],
RCPM, FAB and TMT) in patients who were retested
at least 12 months after the initial test. The amount of
change was calculated by subtracting the first test results
from the second.

Patient and public involvement
No patient or public involvement was reported.

Statistical analysis

Statistical analyses were performed using the Statis-
tical Package for the Social Sciences (SPSS, V.24.0 for
Windows), with a significance threshold of 5% for all tests.
Additionally, the y” test was applied to nominal variables.

The statistical methods employed are outlined below:
1. Testing for differences in cognitive dysfunction be-

tween the PD and PSP groups.

Basic demographic attributes and neuropsycholog-
ical test results were compared between the two disease
groups using the Student’s t-test.

2. Tests of group differences in cognitive dysfunction by
clinical subtypes of PD and PSP (PSP-RS and PSP-PGF).

For the three disease subgroups (PD, PSP-RS and PSP-
PGF), one-way analysis of variance (ANOVA) was used
to compare basic attributes and neuropsychological test
scores. Tukey’s post hoc test was conducted for multiple
comparisons.

3. Trends in cognitive dysfunction by clinical subtype of
PD and PSP (PSP-RS and PSP-PGF).

Within each disease group (PD, PSP-RS and PSP-PGF),
changes between the first and second neuropsychological
tests were analysed using a paired t-test. One-way ANOVA
was used to assess changes in test scores across the three
groups. Tukey’s post hoc test was applied for multiple
comparisons. The MoCA-] for PSP-RS was excluded from
the analysis due to the small sample size.

RESULTS

Comparison of cognitive dysfunction between PD and PSP
The PD group (n=38) had a mean age of 73.1+6.9 year
and a disease duration of 62.7+41.9 months. The PSP
group (n=41) had a mean age of 72.9+7.1 year and a
disease duration of 57.8+38.5 months, showing no signif-
icant differences in age or disease duration between the
groups. The comparison of basic attributes and neuro-
psychological test results for the PD and PSP groups is
presented in table 1. Significant differences between the
groups were observed in the following measures (the PSP
group showed lower scores): MMSE (p=0.001), HDS-R
(p=0.001), MoCA- (p=0.013), RCPM (p=0.039), FAB
(p<0.001), verbal fluency (meaning; p<0.001), verbal
fluency (phonology; p<0.001), Stroop Color-Word Test
(Part I: p=0.020; Part II: p=0.014), Digit Span (back-
wards: p=0.021), TMT-A (p=0.001), and Line Orientation
(p=0.030).

Comparison of cognitive impairment by clinical form of PD
and PSP

For the clinical subtypes of PSP, 23 patients were classified
as PSP-RS, 14 as PSP-PGF, 3 as PSP-P and 1 as PSP-CBS.
All PSP cases met the MDS diagnostic criteria for definite,
probable or possible PSP. Four patients were diagnosed
with definite PSP-RS, 19 with probable PSP-RS, 1 with defi-
nite PSP-PGF, 10 with probable PSP-PGF, 3 with possible
PSP-PGF, 3 with probable PSP-P, 1 with possible PSP-CBS
and no patients met the criteria for suggestive level. The
number of deaths recorded was 5 in the PD group (33
survivors) and 16 in the PSP group (25 survivors). Of the
16 deceased PSP patients, 5 underwent autopsy and were
pathologically confirmed as having PSP (either definite
PSP-RS or PSP-PGF).

The PSP-RS (n=23) group had a mean age of 72.4+6.3
year and a mean disease duration of 52.0+37.4 months. In
comparison, the PSP-PGF group (n=14) had a mean age
0f 70.6£6.4 year and a mean disease duration of 66.0+40.9
months. No significant differences were observed between
the groups in terms of age or disease duration. Further-
more, no significant differences were found in the age
and disease duration between the PD and PSP-RS groups
or between the PD and PSP-PGF groups. Table 2 provides
a comparison of the basic attributes and cognitive func-
tion between the PD and PSP clinical subtypes.

The comparison between the PD and PSP-RS groups
revealed significant differences in several cognitive
measures: MMSE (p<0.001), HDS-R (p<0.001), RCPM
(p=0.037), FAB (p=0.001), verbal fluency (semantic;
p<0.001), verbal fluency (phonological; p=0.003) and
TMT-A (p<0.001). The comparison between the PD
and PSP-PGF groups showed a significant difference
only in verbal fluency (semantic). Significant differ-
ences were also observed between the PSP-RS and PSP-
PGF groups in MMSE (p=0.015), HDS-R (p=0.022) and
TMT-A (p=0.001), with the PSP-RS group demonstrating
significantly lower cognitive function than the PD group.
However, there were no significant differences between
the PD and PSP-PGF groups, nor between the PSP-RS and
PSP-PGF groups in many of the cognitive measures.

Trends in cognitive dysfunction by clinical subtype in PD and
PSP

A follow-up cognitive assessment was conducted approx-
imately 12 months after the initial evaluation in 21
(55.2%) patients with PD and 23 (56.1%) patients with
PSP, including 11 PSP-RS, 10 PSP-PGF, 1 PSP-P and 1
in PSP-CBS (table 3). The mean follow-up period was
23.6£16.5 months (range: 12-76 months), with the PD
group assessed at 28.9+21.2 months and the PSP group at
18.8+8.6 months. By clinical subtypes in PSP, the time to
follow-up was 17.4+7.3 months for the PSP-RS group and
21.3+10.2 months for the PSP-PGF group. No significant
differences were found between the firstand second cogni-
tive function assessments in the PD group. In contrast,
the PSP group exhibited significant declines across
several cognitive measures, including MMSE (p=0.002),
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Table 1 Comparison of basic attributes and cognitive function in PD and PSP groups

Measure PD (n=38) PSP (n=41) P value
Age (years) 73.1£6.9 72.9+7.1 0.899
Gender (male/female) 19/19 26/15 0.229
Education (years) 12.1£2.3 13.6+2.5 0.142
Disease duration (months) 62.7+41.9 57.8+38.5 0.589
Hoehn-Yahr stage 3.1+0.8 —

UPDRS-III 27.0£12.8 —

PSP-RS — 39.1+12.8

MMSE (total score) 27.4+3.2 23.6+6.1 0.001"
HDS-R (score) 27.1+3.7 23.2+5.1 0.001"
MoCA-J (score) 24.0+4.3 20.2+5.9 0.013"
RCPM (score) 28.2+5.1 25.5+5.8 0.039°
FAB (score) 14.0+£2.8 11.0+3.5 <0.001"
Verbal fluency (semantic) 15.6+3.8 9.3+3.8 <0.001"
Verbal fluency (phonological) 11.2+3.7 6.3+3.6 <0.001"
Stroop Color-Word Test

Part | (s) 22.2110.4 46.1+39.4 0.020°
Part Il (s) 43.3+24.4 75.8+46.3 0.014’
Digit Span (forward) 5.8+1.1 5.1+1.2 0.086
Digit Span (backward) 4.6x£1.3 3.5+1.3 0.021
TMT-A (s) 88.1+37.4 175.3+120.9 0.001"
TMT-B (s) 170.5+£135.2 192.4+111.6 0.539
Line Orientation (score) 15.8+2.7 13.0+4.6 0.030°
*p<0.05.

**p<0.01.

FAB, Frontal Assessment Battery; HDS-R, Hasegawa Dementia Rating Scale-Revised; Line Orientation, judgement of Line Orientation in the
repeatable battery for the assessment of neuropsychological status; MMSE, Mini-Mental State Examination; MoCA-J, Japanese Version of
Montreal Cognitive Assessment; PSP-RS, Progressive Supranuclear Palsy Rating Scale; RCPM, Raven’s Coloured Progressive Matrices; TMT,

Trail Making Test; UPDRS, Unified Parkinson’s Disease Rating Scale.

HDS-R (p=0.004), RCPM (p=0.017), FAB (p<0.001) and
TMT-A (p=0.005). When analysing cognitive function by
clinical subtype in PSP, the PSP-RS group showed signif-
icant declines in MMSE (p=0.019), HDS-R (p=0.005),
FAB (p=0.018) and TMT-A (p=0.042), whereas the PSP-
PGF group demonstrated significant reductions in MMSE
(p=0.010), FAB (p=0.034) and TMT-A (p=0.032).

Additionally, the PD and PSP groups were compared
with evaluate changes in cognitive function (table 4). The
PSP group demonstrated significantly lower scores than
the PD group on the MMSE (p=0.010), HDS-R (p=0.006),
FAB (p=0.011) and TMT-A (p=0.011).

Furthermore, we compared the changes in cogni-
tive function between the PD group and the PSP-RS or
PSP-PGF group (table 5). The PSP-RS group exhibited a
significant decline in MMSE (p=0.006), HDS-R (p=0.001)
and FAB (p=0.023) compared with the PD group. The
PSP-PGF group showed a significant decline only in FAB
(p=0.046) compared with the PD group. No significant
differences were observed between the PSP-RS and PSP-
PGF groups.

DISCUSSION

Cognitive function in PD and PSP

In this study, PSP showed a more significant decrease in
cognitive functions than PD when comparing the two
groups. This supports previous research, which found
lower scores on the FAB in PSP than in PD.% Moreover,
patients with PSP demonstrated reduced cognitive abil-
ities, especially in the areas of FAB and verbal fluency
compared with PD. The prevalence of early cognitive
dysfunction in PSP was higher than in PD, with notable
decreases in frontal lobe function and motor 1Q* than
PD and multiple system atrophy (MSA)." This study
corroborates earlier findings, suggesting that cognitive
assessments can be useful in differentiating between PD
and PSP."

Cognitive dysfunction in PD results from Lewy body
pathology spreading to the limbic system and cortex.”
In the early stages, it is found in the olfactory bulb and
lower brainstem, before spreading to the substantia nigra
striatum, with cortical pathology appearing later.” In
contrast, PSP begins in the frontal lobe, with pathological
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Table 2 Comparison of basic attributes and cognitive function in the PD, PSP-RS and PSP-PGF groups

PD PSP-RS PSP-PGF PD versus PD versus RS versus
(n=38) (n=23) (n=14) Pvalue RS PGF PGF
Age (years) 73.1+6.9 72.4+6.3 70.6+6.4 0.502 0.914 0.470 0.721
Gender (male/female) 19/19 15/8 8/6 0.508 0.246 0.647 0.623
Education (years) 12.7+2.3 13.9+2.7 13.8+2.1 0.192 0.224 0.393 0.990
Disease duration (months) 62.7+41.9 52.0+37.4 66.0+40.9 0.505 0.575 0.965 0.568
Hoehn-Yahr stage 3.1+0.8 — —
UPDRS-III 27.0+12.8 — —
PSP-RS = 41.8+129  32.2+11.2
MMSE (score) 27.4+3.2 22.1+6.7 26.6+3.6 0.006°  <0.001" 0.846 0.015°
HDS-R (score) 27.1+3.7 22.0+5.6 26.3+3.2 0.004"  <0.001" 0.821 0.022°
MoCA-J (score) 24.0+4.3 19.846.7 22.8+3.8 0.063 0.050 0.782 0.349
RCPM (score) 28.2+5.1 24.7+5.4 28.4+5.3 0.033°  0.037 0.996 0.113
FAB (score) 14.0+£2.8 10.8+3.3 12.4+3.2 0.001"  0.001" 0.198 0.311
Verbal fluency (semantic) 15.6+3.8 8.4+4.4 11.1x2.7 <0.001" <0.001" 0.031" 0.305
Verbal fluency (phonological) 11.2+3.7 5.9+3.7 7.8+3.8 0.004"  0.003" 0.113 0.503
Stroop Color-Word Test
Part | (s) 22.2+10.5 50.4+43.7  41.9+38.6 0.107 0.085 0.332 0.834
Part Il (s) 43.3+24.4 81.7+50.6  64.7+43.8 0.064 0.054 0.426 0.629
Digit Span (forward) 5.8+1.1 5.5+0.9 5.0+1.5 0.246 0.721 0.218 0.638
Digit Span (backward) 4.6+1.3 3.5+0.9 3.7+1.8 0.125 0.135 0.341 0.921
TMT-A (s) 88.1+37.4 212.3+134.7 98.7+39.8 0.006"  <0.001" 0.916 0.001"
TMT-B (s) 170.5+135.2 193.2+98.6 170.6+105.7 0.884 0.879 0.993 0.914
Line Orientation (score) 15.8+2.7 12.7+3.8 15.4+4.1 0.080 0.077 0.957 0.236
*p<0.05.
**p<0.01.

FAB, Frontal Assessment Battery; HDS-R, Hasegawa Dementia Rating Scale-Revised; Line Orientation, judgment of Line Orientation in the
repeatable battery for the assessment of neuropsychological status; MMSE, Mini-Mental State Examination; MoCA-J, Japanese Version
of Montreal Cognitive Assessment; PD, Parkinson’s disease; PSP-PGF, progressive supranuclear palsy-progressive gait freezing; PSP-RS,
progressive supranuclear palsy-Richardson’s syndrome; PSP-RS, Progressive Supranuclear Palsy Rating Scale; RCPM, Raven’s Coloured
Progressive Matrices; TMT, Trail Making Test; UPDRS, Unified Parkinson’s Disease Rating Scale.

changes spreading to the parietal and temporal lobes
via association fibres.”> Both subcortical (eg, the globus
pallidus, midbrain cap and striatum) and cortical (eg,
prefrontal and premotor) areas are impaired, resulting
in a significant cognitive decrease. Affected areas include
the prefrontal cortex, premotor cortex, striatal/thalamic/
cortical circuits, midbrain and ascending arousal system.14
Thus, it was hypothesised that PSP would experience
greater cognitive impairment than PD.

Cognitive function by clinical subtype in PD and PSP

Among the three groups—PD, PSP-RS and PSP-PGF—
the PSP-RS subtype showed the most significant cogni-
tive decrease, while patients with PD retained the most
preserved cognitive function initially. PSP-RS had
significantly lower scores on the MMSE, HDS-R and
verbal fluency than PD, indicating that cognitive func-
tion tests are useful in distinguishing between PD and
PSP-RS. However, there were no significant differences
between PD and PSP-PGF, except for verbal fluency

(meaning). When using cognitive function tests to
differentiate PD and PSP, it is crucial to consider the
clinical form of PSP.

In comparing PSP-RS and PSP-PGF, significant differ-
ences were observed only in MMSE, HDS-R and TMT-A,
but PSP-RS consistently showed greater cognitive decrease
across all items than PSP-PGF. According to prior studies,
cognitive impairment prevalence by PSP clinical subtype
was highest in PSP-RS (47.8%), followed by PSP-P
(45.5%), PSP-CBS (42.9%) and PSP-PGF (25.0%), with
PSP-PGF demonstrating the most preserved cognitive
function.” No significant differences were found in this
study; however, PSP-PGF appeared to maintain better
cognitive function overall than PSP-RS, despite the lack
of significant differences. PSP-PGF had a larger number
of cases than PSP-P in this study because PSP-PGF is more
common in Japanese populations.

The larger number of PSP-PGF cases in this study
than in previous studies, along with the absence of
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Table 3 Cognitive function in PD and PSP groups by clinical form

PD (n=21) PSP (n=23)

Baseline follow-up P value Baseline follow-up P value
MMSE (score) 27.8+2.7 27.3+2.9 0.370 26.6+4.4 22.7+5.7 0.002**
HDS-R (score) 27.5+2.9 27.4+2.8 0.914 26.7+4.1 23.2+4.1 0.004**
MoCA-J (score)  20.8+2.9 21.3+5.7 0.762 22.0+3.7 21.4+3.8 0.468
RCPM (score) 29.4+4.6 28.4+5.4 0.128 29.2+3.5 26.1+6.0 0.017*
FAB (score) 14.2+2.9 14.3+2.8 0.804 12.5+£3.2 10.1+3.1 <0.001**
TMT-A (s) 72.9+35.8 82.8+32.5 0.309 116.2+79.8 208.7+116.6 0.005**
TMT-B (s) 148.1+88.4 173.8+175.2 0.528 160.4+84.9 197.3+106.4 0.092

RS (n=11) PGF (n=10)

Baseline follow-up P value Baseline follow-up P value
MMSE (score) 25.8+3.3 20.2+6.1 0.019* 28.8+1.2 25.7+3.8 0.010*
HDS-R (score) 27.3+2.2 21.7+4.1 0.005** 28.0+2.3 25.7+3.4 0.094
MoCA-J (score) — — — 24.0+£2.0 23.6+2.5 0.808
RCPM (score) 28.8+3.9 25.8+5.8 0.091 29.8+3.5 27.3+6.2 0.238
FAB (score) 11.6+£2.3 9.4+2.6 0.018* 13.9+3.4 11.4+3.1 0.034*
TMT-A (s) 155.3+102.1 294.3+102.3 0.042* 70.8+17.1 114.0+44.6 0.032*
TMT-B (s) 143.3+92.2 181.0+103.1 0.162 140.6+56.4 167.3+66.5 0.427
*p<0.05.
*p<0.01.

FAB, Frontal Assessment Battery; HDS-R, Hasegawa Dementia Rating Scale-Revised; MMSE, Mini-Mental State Examination; MoCA-J,
Japanese Version of Montreal Cognitive Assessment; PD, Parkinson’s disease; PGF, progressive gait freezing; PSP, progressive supranuclear
palsy; RCPM, Raven’s Coloured Progressive Matrices; RS, Richardson’s syndrome; TMT, Trail Making Test.

extensive research on cognitive function across PSP clin-
ical subtypes, is noteworthy.

In verbal fluency tasks, both PSP-RS and PSP-PGF
showed significantly lower word counts than PD. Func-
tional MRI studies have demonstrated that both the
frontal and temporal lobes play a crucial role in verbal
fluency tasks (meaning).”® PSP has been reported to be
more impaired in verbal fluency (phonology) than verbal

Table 4 Comparison of cognitive function changes
between the PD and PSP groups

PD (n=21) PSP (n=23) P value
MMSE change  0.5+2.4 3.9+5.4 0.010*
HDS-R change  0.1+2.0 3.3+4.2 0.006**
MoCA-J change -0.5+3.8 0.6+1.7 0.546
RCPM change  1.0+2.7 3.0+5.0 0.123
FAB change -0.2+2.7 2.4+2.7 0.003**
TMT-A change  -9.9+36.4 -92.5+96.8 0.011*
TMT-B change  -25.7+153.6 -9.7+107.6 0.771
*p<0.05.
**p<0.01.

FAB, Frontal Assessment Battery; HDS-R, Hasegawa Dementia
Rating Scale-Revised; MMSE, Mini-Mental State Examination;
MoCA-J, Japanese Version of Montreal Cognitive Assessment; PD,
Parkinson’s disease; PSP, progressive supranuclear palsy; RCPM,
Raven’s Coloured Progressive Matrices; TMT, Trail Making Test.

fluency (meaning).*® As with prior studies, this research
confirmed that verbal fluency (phonology) is more
impaired in PSP than in PD. While there was no statisti-
cally significant difference in verbal fluency tasks between
PSP-RS and PSP-PGF, PSP-RS tended to have lower word
counts, highlighting its greater cognitive impairment.
Verbal fluency tasks, encompassing phonological and
semantic assessments, remain practical tools for differen-
tiating PD from PSP.

Trends in cognitive function in the PD and PSP items

Over 12 months, the PSP group demonstrated signif-
icant cognitive declines, whereas the PD group showed
not significant differences in repeated testing. Previous
studies corroborate these findings, with dementia prev-
alence in PSP* increasing from 37.5% to 70% after 15
months,” while only 18% of patients with PD devel-
oped cognitive dysfunction over 7 years.”® In this study,
PSP showed cognitive declines in all tested items except
TMT-B and MoCA-] over 12 months, whereas PD exhibited
no significant changes in cognitive function. Among the
clinical subtypes of PSP, PSP-RS demonstrated declines in
MMSE, HDS-R, FAB and TMT-A, while PSP-PGF showed
declines in MMSE, FAB and TMT-A. Although both
PSP-RS and PSP-PGF exhibited cognitive decline over
time, the progression of cognitive impairment in PSP-
PGF was slower than that in PSP-RS.

Tsuboi T, et al. BMJ Neurol Open 2025;7:€000946. doi:10.1136/bmjno-2024-000946

- 228 -



Table 5 Comparison of cognitive function changes between PD, PSP-RS and PSP-PGF groups

PD versus PDversus RS versus
PD (n=21) PSP-RS (n=11) PSP-PGF (n=10) Pvalue RS PGF PGF

MMSE change  0.5+2.4 5.6+6.6 3.1£3.0 0.006*  0.005** 0.219 0.355
HDS-R change  0.1+2.0 5.0+4.1 2.3+3.0 0.001**  <0.001* 0.192 0.160
MoCA-J change — — — — — — —
RCPM change 1.0£2.7 3.0+4.7 2.5+5.5 0.371 0.402 0.615 0.963
FAB change -0.2+2.7 2.2+2.6 2.5+3.2 0.023* 0.076 0.046* 0.963
TMT-A change -9.9+36.4 -139.0+124.9 —43.2+36.0 0.053 0.112 0.190 0.248
TMT-B change -25.7+153.6  -37.7+30.0 —26.7+75.6 0.712 0.706 1.000 0.760
*p<0.05.

**p<0.01.

FAB, Frontal Assessment Battery; HDS-R, Hasegawa Dementia Rating Scale-Revised; MMSE, Mini-Mental State Examination; MoCA-J,
Japanese Version of Montreal Cognitive Assessment; PD, Parkinson’s disease; PSP-PGF, progressive supranuclear palsy-progressive gait
freezing; RCPM, Raven’s Coloured Progressive Matrices; RS, Richardson’s syndrome; TMT, Trail Making Test.

Cognitive function was evaluated at intervals of 12
months or longer to better elucidate differences in cogni-
tive function changes between PD and PSP. As this was
a retrospective study, the time to re-evaluation varied, as
it depended on the timing of patient admission. Ideally,
re-evaluation should have been conducted at standardised
intervals. The current findings suggest that the observed
differences in cognitive function between PD and PSP are
significant.

Previous research has reported a higher incidence of
cognitive and motor impairment in PSP-RS and PSP-PGF,
with PSP-P presenting a comparatively better course.” In
the present longitudinal study, PSP demonstrated signifi-
cantly lower cognitive function than PD. However, PSP-
PGF exhibited significant differences only in FAB scores
compared with PD (p=0.046). Furthermore, no signifi-
cant differences in longitudinal changes were observed
between PSP-RS and PSP-PGF. Given the variability in
prognosis among PSP subtypes, increasing the sample
size and tracking cognitive changes over time are essen-
tial for understanding the clinical course of each subtype.

This study included a larger cohort of PSP-PGF cases
than previous studies. Notably, few studies have compre-
hensively assessed cognitive function in PSP-PGF using
multiple neuropsychological tests. The current findings
underscore the importance of subtype-specific evalua-
tions of cognitive function in PSP-RS and PSP-PGF.

Limitations

This study has several limitations that must be acknowl-
edged. First, while significant cognitive decline was
observed in PSP, the variability among its clinical subtypes
posed a challenge. Only PSP-RS and PSP-PGF were
included in the analysis. Future research should evaluate
cognitive function in other PSP subtypes to provide a
more comprehensive understanding of its progression.
Second, the study did not include comparisons with MSA,
a related disease that shares clinical features with PD and
PSP. Third, as a retrospective observational study, this

research faced limitations in follow-up consistency. Only
55.2% of PD and 56.1% of patients with PSP underwent
re-evaluation, as cognitive assessments were conducted
on inpatients admitted for clinical reasons rather than
research purposes. This dependence on readmission
limited the proportion of cases that could be evaluated
a second time. Finally, the retrospective nature of the
study introduced inherent constraints, including non-
standardised intervals for cognitive reassessment. Ideally,
longitudinal studies should employ a prospective design
with larger patient cohorts and consistent follow-up
periods to elucidate changes in cognitive function more
robustly. Despite these limitations, this study highlights
important differences in cognitive decline between PSP
subtypes and PD, underscoring the need for further
investigation.

CONCLUSION

Over 12 months, cognitive impairment progressed signifi-
cantly in PSP, whereas patients with PD showed no cogni-
tive decline. Among PSP subtypes, PSP-PGF exhibited a
slower progression of cognitive impairment than PSP-RS.
These findings highlight the need to consider subtype-
specific differences in the prognosis of cognitive function

when designing treatment and care strategies for patients
with PSP.

Acknowledgements We would like to thank all study participants.

Contributors IA is responsible for the overall content as guarantor. TT, RH and IA
conceived this article and TT and RH wrote the first draft. TT and RH performed the
study. TT, RH and A wrote the manuscript with further contributions from HT and
KK. All the authors contributed to critical revisions and approved the final version of
the article. IA accepts full responsibility for the finished work and the conduct of the
study. TT, RH and IA designed the study. TT and RH performed the study. TT, HT, KK,
RH and IA read and approved the final manuscript. 1A accepts responsibility for the
overall content.

Funding This work was supported by MHLW Health, Labour and Welfare Science
Research Grants, Grant Number JPMH23FC1008.

Competing interests None declared.

Tsuboi T, et al. BMJ Neurol Open 2025;7:¢000946. doi:10.1136/bmjno-2024-000946

- 229 -



Patient consent for publication Not applicable.

Ethics approval The authors obtained approval from the NHO Higashinagoya

Natio

nal Hospital Ethics Committee (Approval Number 5-10).

Provenance and peer review Not commissioned; externally peer reviewed.

Data

availability statement Data are available in a public, open access repository.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which

perm

its others to distribute, remix, adapt, build upon this work non-commercially,

and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use

17

20

Hoglinger GU, Respondek G, et al. Movement Disorder Society-
endorsed PSP Study Group: Clinical diagnosis of progressive
supranuclear palsy: The Movement Disorder Society criteria. Mov
Disord 2017.

Fahn S, Elton RL. Members of the updrs development committee.
unified parkinson’s disease rating scale. In: Fahn SMC, Goldstein M,
Calne DB, eds. Recent Developments in Parkinson’s Disease Il. New
York: MacMillan, 1987: 153-63.

Golbe LI, Ohman-Strickland PA. A clinical rating scale for progressive
supranuclear palsy. Brain (Bacau) 2007;130:1552-65.

Folstein MF, Folstein SE, McHugh PR. “Mini-mental state”. A
practical method for grading the cognitive state of patients for the
clinician. J Psychiatr Res 1975;12:189-98.

is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/. 21 Hasegawa K, Inoue K, Moriya K. An investigation of dementia rating
scale for the elderly. Seishinigaku 1974;16:965-9.
ORCID iD 22 Fujiwara Y, Suzuki H, Yasunaga M, et al. Brief screening tool for
Takeharu Tsuboi http://orcid.org/0009-0008-2899-1615 mild cognitive !mpalrment in older Japanese: Validation of the' )
Japanese version of the Montreal Cognitive Assessment. Geriatrics
Gerontology Int 2010;10:225-32.
23 Dubois B, Slachevsky A, Litvan |, et al. The FAB: a Frontal
Assessment Battery at bedside. Neurology (ECronicon)
REFERENCES 2000;55:1621-6.

1 Steele JC, Richardson JC, Olszewski J. PROGRESSIVE 24 Perret E. The left frontal lobe of man and the suppression of habitual
SUPRANUCLEAR PALSY. A HETEROGENEOUS DEGENERATION responses in verbal categorical behaviour+:. Neuropsychologia
INVOLVING THE BRAIN STEM, BASAL GANGLIA AND 1974;12:323-30.

CEREBELLUM WITH VERTICAL GAZE AND PSEUDOBULBAR 25 Reitan RM, Wolfson D. The Halstead-Reitan Neuropsychological Test
PALSY, NUCHAL DYSTONIA AND DEMENTIA. Arch Neurol Battery. Tucson: Neuropsychology Press, 1985.
1964;10:333-59. 26 Japan Society for Higher Brain Function & Brain Function Test

2 Williams DR, de Silva R, Paviour DC, et al. Characteristics of two Committee. Clinical Assessment for Attention. Clinical Assessment
distinct clinical phenotypes in pathologically proven progressive for Spontaneity (CAT- CAS). Tokyo: Shinkoh Igaku Shuppansha,
supranuclear palsy: Richardson’s syndrome and PSP-parkinsonism. 2006.

Brain (Bacau) 2005;128:1247-58. 27 Raven JC. Coloured Progressive Matrices. London: Oxford

3 Williams DR, Holton JL, Strand K, et al. Pure akinesia with gait Psychological Press, 1976.
freezing: a third clinical phenotype of progressive supranuclear palsy. 28 Randolph C. Repeatable Battery for the Assessment of
Mov Disord 2007;22:2235-41. Neuropsychological Status Update (RBANS Update). San Antonio,

4 Aiba |, Shimohata T, Yoshida M. Cerebellar type of progressive TX: The Psychological Corporation, 2012.
supranuclear palsy (PSP-C). Neurol (ECronicon) 2023;98:36-43. 29 Paviour DC, Winterburn D, Simmonds S, et al. Can the frontal

5 Takigawa H, Kitayama M, Wada-Isoe K, et al. Prevalence of assessment battery (FAB) differentiate bradykinetic rigid syndromes?
progressive supranuclear palsy in Yonago: change throughout a Relation of the FAB to formal neuropsychological testing. Neurocase
decade. Brain Behav 2016;6:€00557. 2005;11:274-82.

6 Pillon B, Gouider-Khouja N, Deweer B, et al. Neuropsychological 30 Pillon B, Dubois B, Ploska A, et al. Severity and specificity of
pattern of striatonigral degeneration: comparison with Parkinson’s cognitive impairment in Alzheimer’s, Huntington’s, and Parkinson’s
disease and progressive supranuclear palsy. J Neurol Neurosurg diseases and progressive supranuclear palsy. Neurology (ECronicon)
Psychiatry 1995;58:174-9. 1991;41:634-43.

7 Mizuno Y, Hattori N. Handbook of Neurology, 12. Tokyo: Igaku-shoin, 31 Irwin DJ, White MT, Toledo JB, et al. Neuropathologic substrates of
2020:1030-53. Parkinson disease dementia. Ann Neurol 2012;72:587-98.

8 Moore DJ, West AB, Dawson VL, et al. Molecular pathophysiology of 32 Braak H, Del Tredici K, Bratzke H, et al. Staging of the
Parkinson’s disease. Annu Rev Neurosci 2005;28:57-87. intracerebral inclusion body pathology associated with idiopathic

9 Tsuruya N. Cognitive impairment in Parkinson’s disease. HBFR Parkinson’s disease (preclinical and clinical stages). J Neurol
2011;31:261-8. 2002;249 Suppl 3:1lI.

10 Hely MA, Reid WGJ, Adena MA, et al. The Sydney multicenter study 33 Caso F, Agosta F, Volonté MA, et al. Cognitive impairment in
of Parkinson’s disease: the inevitability of dementia at 20 years. Mov progressive supranuclear palsy-Richardson’s syndrome is related to
Disord 2008;23:837-44. white matter damage. Parkinsonism Relat Disord 2016;31:65-71.

11 Nagano S, Mochizuki H. Handbook of Neurodegenerative Disease, 2. 34 Picillo M, Cuoco S, Tepedino MF, et al. Motor, cognitive and
Tokyo: Nankodo, 2018:55-6. behavioral differences in MDS PSP phenotypes. J Neurol

12 O’Sullivan SS, Massey LA, Williams DR, et al. Clinical outcomes of 2019;266:1727-35.
progressive supranuclear palsy and multiple system atrophy. Brain 35 Whiteside DM, Kealey T, Semla M, et al. Verbal Fluency: Language
(Bacau) 2008;131:1362-72. or Executive Function Measure? Appl Neuropsychol Adult

13 Santangelo G, Cuoco S, Pellecchia MT, et al. Comparative cognitive 2016;23:29-34.
and neuropsychiatric profiles between Parkinson’s disease, multiple 36 Bak TH, Crawford LM, Hearn VC, et al. Subcortical dementia
system atrophy and progressive supranuclear palsy. J Neurol revisited: similarities and differences in cognitive function
2018;265:2602-13. between progressive supranuclear palsy (PSP), corticobasal

14 Soliveri P, Monza D, Paridi D. Neuropsychological follow up in degeneration (CBD) and multiple system atrophy (MSA). Neurocase
patients with Parkinson’s disease, striatonigral degeneration-type 2005;11:268-73.
multisystem atrophy, and progressive supranuclear palsy. J Neurol 37 Rittman T, Coyle-Gilchrist IT, Rowe JB. Managing cognition
Neurosurg Psychiatry 2000;69:313-8. in progressive supranuclear palsy. Neurodegener Dis Manag

15 Fiorenzato E, Antonini A, Camparini V, et al. Characteristics and 2016;6:499-508.
progression of cognitive deficits in progressive supranuclear palsy 38 Palazzini E, Soliveri P, Filippini G, et al. Progression of motor
vs. multiple system atrophy and Parkinson’s disease. J Neural and cognitive impairment in Parkinson’s disease. J Neurol
Transm (Vienna) 2019;126:1437-45. 1995;242:535-40.

16 Hughes AJ, Ben-Shlomo Y, Daniel SE, et al. What features improve 39 Campagnolo M, Weis L, Fogliano C, et al. Clinical, cognitive, and
the accuracy of clinical diagnosis in Parkinson’s disease: a morphometric profiles of progressive supranuclear palsy phenotypes.
clinicopathologic study. Neurology (ECronicon) 1992;42:1142-6. J Neural Transm (Vienna) 2023;130:97-109.

8 Tsuboi T, et al. BMJ Neurol Open 2025;7:€000946. doi:10.1136/bmjno-2024-000946

- 230 -


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0009-0008-2899-1615
http://dx.doi.org/10.1001/archneur.1964.00460160003001
http://dx.doi.org/10.1093/brain/awh488
http://dx.doi.org/10.1002/mds.21698
http://dx.doi.org/10.1002/brb3.557
http://dx.doi.org/10.1136/jnnp.58.2.174
http://dx.doi.org/10.1136/jnnp.58.2.174
http://dx.doi.org/10.1146/annurev.neuro.28.061604.135718
http://dx.doi.org/10.2496/hbfr.31.261
http://dx.doi.org/10.1002/mds.21956
http://dx.doi.org/10.1002/mds.21956
http://dx.doi.org/10.1093/brain/awn065
http://dx.doi.org/10.1093/brain/awn065
http://dx.doi.org/10.1007/s00415-018-9038-x
http://dx.doi.org/10.1136/jnnp.69.3.313
http://dx.doi.org/10.1136/jnnp.69.3.313
http://dx.doi.org/10.1007/s00702-019-02065-1
http://dx.doi.org/10.1007/s00702-019-02065-1
http://dx.doi.org/10.1212/wnl.42.6.1142
http://dx.doi.org/10.1002/mds.26987
http://dx.doi.org/10.1002/mds.26987
http://dx.doi.org/10.1093/brain/awm032
http://dx.doi.org/10.1016/0022-3956(75)90026-6
http://dx.doi.org/10.1111/j.1447-0594.2010.00585.x
http://dx.doi.org/10.1111/j.1447-0594.2010.00585.x
http://dx.doi.org/10.1212/wnl.55.11.1621
http://dx.doi.org/10.1016/0028-3932(74)90047-5
http://dx.doi.org/10.1080/13554790590962933
http://dx.doi.org/10.1212/wnl.41.5.634
http://dx.doi.org/10.1002/ana.23659
http://dx.doi.org/10.1007/s00415-002-1301-4
http://dx.doi.org/10.1016/j.parkreldis.2016.07.007
http://dx.doi.org/10.1007/s00415-019-09324-x
http://dx.doi.org/10.1080/23279095.2015.1004574
http://dx.doi.org/10.1080/13554790590962997
http://dx.doi.org/10.2217/nmt-2016-0027
http://dx.doi.org/10.1007/BF00867426
http://dx.doi.org/10.1007/s00702-023-02591-z

brain sciences

Article

Performance of a Two-Week Rehabilitation Improves Motor
Function in Inpatients with Progressive Supranuclear Palsy:
A Pre-Post Study

Naomi Matsuda 1209, Yasuyuki Takamatsu 3(, Makoto Sawada 4 and Ikuko Aiba 5*

check for
updates

Academic Editor: Sirwan Darweesh

Received: 11 December 2024
Revised: 10 January 2025
Accepted: 12 January 2025
Published: 17 January 2025

Citation: Matsuda, N.; Takamatsu, Y.;

Sawada, M.; Aiba, I. Performance of a
Two-Week Rehabilitation Improves
Motor Function in Inpatients with

Progressive Supranuclear Palsy: A

Pre-Post Study. Brain Sci. 2025, 15, 88.

https:/ /doi.org/10.3390/
brainsci15010088

Copyright: © 2025 by the authors.
Licensee MDP], Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license

(https:/ /creativecommons.org/
licenses /by /4.0/).

Department of Rehabilitation, NHO Higashinagoya National Hospital, Nagoya 465-8620, Japan;
naomatsul120@gmail.com

Department of Rehabilitation Sciences, Graduate School of Life and Health Sciences, Chubu University,
Kasugai 487-8501, Japan

Department of Physical Therapy, College of Life and Health Sciences, Chubu University,

Kasugai 487-8501, Japan; y_takamatsu@isc.chubu.ac.jp

School of Physical Therapy, Faculty of Rehabilitation, Reiwa Health Sciences University,

Fukuoka 811-0213, Japan; m.sawada@kyoju.acjp

Department of Neurology, NHO Higashinagoya National Hospital, Nagoya 465-8620, Japan

*  Correspondence: ikukoaiba0401@gmail.com; Tel.: +81-52-801-1151

Abstract: Background: Progressive supranuclear palsy (PSP) is characterized by early
postural instability and gait dysfunction, with frequent falls. Rehabilitation is an important
therapeutic approach for motor dysfunction in patients with PSP. However, no conclusions
have yet been drawn regarding the beneficial effects of rehabilitation in PSP, including
the optimal duration of rehabilitation and differences in treatment effects among PSP
subtypes. Herein, we investigated the effects of short-term rehabilitation and separately
analyzed the effects on patients with PSP-Richardson’s syndrome (RS) and PSP-progressive
gait freezing (PGF). Methods: The participants underwent several therapeutic exercise
programs individualized for each participant, performed over 2 weeks. Analysis was
performed on 25 patients with PSP-RS and eight with PSP-PGF. Results: Short-term
rehabilitation improved the Berg Balance Scale score in both the PSP-RS and PSP-PGF
groups, step length on the symptom-dominant side in PSP-RS, the coefficient of variation
of step length on the symptom-dominant side, and the stance phase of the Symmetry Index
in PSP-PGF. Conclusions: Overall, this 2-week short-term rehabilitation intervention was
shown to have beneficial effects on balance in patients with PSP-RS and PSP-PGF.

Keywords: progressive supranuclear palsy; Richardson’s syndrome; progressive gait
freezing; rehabilitation; short-term; balance; gait

1. Introduction

Progressive supranuclear palsy (PSP) is a progressive neurodegenerative disorder
characterized by the deposition of tau proteins in neurons of the basal ganglia resulting in
Parkinsonian-like symptoms [1,2]. PSP has the typical Richardson’s syndrome (RS) and
the other clinical subtypes of progressive gait freezing (PGF), etc., and they are charac-
terized by a wide variety of symptoms [3]. The key clinical features of PSP-RS include
ocular motor dysfunction, postural instability, and cognitive dysfunction. Early onset of
postural instability and gait dysfunction induces frequent falls, often resulting in fractures
or other injuries [4,5]. In contrast, the clinical features of one of the subtypes of PSP-PGF
include progressive onset of gait disturbance with initial hesitation and subsequent freez-
ing of gait without rigidity, tremor, dementia, or eye movement abnormalities during
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the first three years of the disease [3]. The prevalence of PSP-RS and PSP-PGF combined
per 100,000 population is 17.90, whereas that of PSP-RS is only 14.32 [6]. PSP-PGF is
characterized by a lower prevalence and longer duration of disease compared to PSP-RS.
In both subtypes, the symptom progression reduces the activities of daily living (ADL)
and quality of life (QoL). Currently, there is no pharmacological treatment for PSP, and the
treatment remains symptomatic. Consequently, rehabilitation is an important therapeutic
approach for motor dysfunction in PSP. Rehabilitation exercises affect the muscles and
nervous system, improving motor performance, such as muscle strength, balance, and
walking ability. For Parkinson’s disease (PD), evidence suggests that exercise is beneficial
in reducing the severity of motor symptoms and improving functional mobility, balance,
health-related QoL, muscle strength, and gait speed [7,8]. However, no conclusive evidence
has been found regarding the benefits of exercise for PSP [9].

We previously reported that a four-week multiple therapeutic exercise program ex-
erted beneficial effects on balance function among patients with PSP [10]. Other intervention
studies on balance training [11], body-weight-supported treadmill training [12], auditory-
visual cue feedback [13,14], and multidisciplinary intensive rehabilitation treatments [14]
have also investigated their effectiveness at improving gait and balance function. Most of
these studies had an intervention period of 4 to 8 weeks [9]. Although the frequency of re-
habilitation varied from week to week across studies, rehabilitation is considered beneficial
to the patient if it can be effective within a shorter period, as long-term interventions can
lead to a decline in QoL and can be both physically and financially burdensome. Only one
single case study showed that backward gait training combined with gait-synchronized
transcranial alternating current stimulation improved balance function in a short-term inter-
vention (4 min x four sessions), although this study investigated the effect of a long-term
intervention (5 weeks) [15]. In PD, the benefits of multidisciplinary short-term rehabilita-
tion on physical function and QoL have been investigated [16-19]. However, the period of
rehabilitation intervention for PSP is mostly 4-8 weeks, and there are no reported studies
on the effectiveness of short-term rehabilitation.

Furthermore, several studies have investigated typical PSP- RS; however, there is only
one case study of atypical PSP [20]. Therefore, no conclusion regarding the beneficial effects
of rehabilitation for patients with PSP has yet been established in the literature [9,21,22],
including the optimal rehabilitation periods and differences in the effects by subtype.

To address this limited knowledge, this study aimed to investigate whether a 2-week
short-term intensive rehabilitation program improves balance function, motor function,
and gait function in patients with PSP.

2. Materials and Methods
2.1. Participants

This retrospective pre—post study enrolled patients with PSP at the National Hospital
Organization Higashinagoya National Hospital between September 2016 and March 2024. The
inclusion criteria were patients with probable PSP-RS and PSP-PGE according to the Movement
Disorder Society criteria for the clinical diagnosis of PSP [3]. The exclusion criteria were as
follows: (1) a modified Rankin Scale (mRS) score >5, (2) patients with subtypes except PSP-
RS and PSP-PGE, (3) patients who had previously undergone rehabilitation treatment in the
hospital, (4) inability to walk without assistance for at least 10 m, (5) patients discharged within
2 weeks, and (6) patients with missing values in the outcome data.

Patients were hospitalized for rehabilitation. The medications of all participants
remained unchanged to maintain a stable condition during the rehabilitation period.
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2.2. Measured Outcomes

The age, disease duration, sex, subtype, frontal assessment battery, mini-mental state
examination, mRS, and PSP rating scale (PSPRS) [23] scores of all patients were evaluated.
All patients were evaluated for balance, motor function, and gait function pre and post two
weeks of rehabilitation. Balance and basic motor functions were evaluated using the Berg
Balance Scale (BBS) [24], pull test [23,25,26], timed up and go test (TUG) [27], 10 m Walk Test
(maximum speed) [28], 2 min walking test (2 MWT) [29,30], and knee extensor strength [31].
Gait function was evaluated using a gait analysis device. All patients were evaluated
for balance and basic motor functions pre and post 2 weeks rehabilitation. Participants
underwent the following tests:

(1) PSPRS [23]: The PSPRS was developed to assess disease severity in patients with PSP.
Furthermore, PSPRS assesses characteristic symptoms associated with PSP, including
behavioral change, ocular-motor, gait, and balance disfunctions. The maximum total
score is 100 points. Higher scores indicate high disease severity. The PSPRS subitem
scores and total score were evaluated as baseline, and the scores of V: limb movements
and VI: gait and midline were evaluated pre- and post-interventions.

(2) Pull test[23,25,26]: The pull test is used for evaluating postural stability (0—4 points) as
a component of PSPRS. The examiner stands behind the patient and applies a strong
pull on the shoulders with the patient erect with eyes open and feet comfortably apart.

(3) BBS [24]: This evaluated the individual’s balance abilities during the performance of
14 items (0—4 points per item), such as sitting, standing, and one leg standing, and
positional changes. The maximum total score is 56 points. Higher scores indicate
good balance ability.

(4) TUG [27]: This evaluation consisted of the participant standing up from a sitting
position in the chair with a seat height of 40 cm, walking a distance of 3 m, then passing
around a cone, returning, and sitting back down in the chair. To assess maximum
walking speed, they were asked to walk as fast as possible without running.

(5) The 10 m Walk Test [28]: For the 10 m Walk Test, two end lines and two buffer lines
were taped on the ground. Each end line was 14 m from the other and the buffer
each line was 2 m from the end line. The buffer lines controlled for acceleration and
deceleration. The time to walk the middle 10 m was recorded using a stopwatch.
To assess maximum walking speed, they were asked to walk as fast as possible
without running.

(6) 2 MWT [29,30]: The 2 MWT was performed indoors, along a long, flat, straight,
enclosed corridor with a hard surface. The walking course was 30 m in length, and
the turnaround point was marked with a cone (such as an orange traffic cone).

(7) Knee extensor strength [31]: Isometric knee extension muscle strength was measured
using handheld dynamometers (HHDs, pTas F-1; Anima Corp., Tokyo, Japan). Dur-
ing the measurements, the participants sat on a bench and adjusted the position of
their gluteal region such that the bench leg was behind the lower extremity on the
measurement side. The bench was adjusted to a height at which both feet of the
participant were off the floor. The HHD sensor was placed over the front surface of
the distal part of the lower extremity, and the lower edge of the sensor was fixed using
Velcro at the height of the upper edge of the medial malleolus. The measurement leg
on which the sensor was applied and the bench leg directly behind the measurement
leg was tied and fixed using a belt. The participants measured isometric knee muscle
extension strength at maximal effort for 5 s while the knee joint was at a flexion angle
of 90°, kept their trunk straight, and crossed their arms in front of the chest. For
representative values, the values (kgf) measured using the HHD were divided by the
body weight (kg).
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(8) Gait parameters [32,33]: Gait parameters were measured using a thin-type sensor
sheet (Sheet-Type Gait Analyzer WalkWay MW-1000; Anima Corp., Tokyo, Japan)
that detected foot pressure using a displacement sensor. Participants walked 6.4 m at
their most comfortable speed, which was the distance of the test, plus the additional
path of 2 m anterior and posterior to the entire length of the 2.4 m device. Three
measurements were obtained and the average values were calculated. The parameters
measured included the gait cycle time (s), stance phase time (s), swing phase time
(s), step length (cm), and step width (cm). Furthermore, the coefficient of variation
(CV) of these parameters were evaluated. Further, the gait parameters from the de-
vice were used to calculate the different indices of gait symmetry. The symmetry
indices (SIs) between the dominant and non-dominant sides in the gait cycle, stance
phase, swing phase, step length, and step width were calculated using the following
equation: SI = [2 (symptom-dominant — symptom non-dominant)/(symptom-
dominant + symptom non-dominant)] x 100 (%) [34,35].

All patients were evaluated for balance, motor function, and gait function pre and
post two weeks of rehabilitation.

2.3. Intervention Programs

The intervention was performed for 60-80 min per day, 5 days per week, for 2 weeks,
and the intervention program was multiple therapeutic exercise programs, including
muscle strength training, gait exercises, and ADL training, with a focus on balance training
(Appendix A) [10]. Balance training was performed to improve postural stability and
control and included exercises such as holding and standing stable or unstable, reaching,
stepping, and turning. Muscle strength training focused on core training and performing
leg raises, bridges, crunches, squats, heel and toe raises, front lunges, side lunges, etc.
Gait training focuses on balancing the gait; as a result, the patient maintains postural
stability while walking and performs tandem walking, backward walking, side walking,
and treadmill gait training. In addition, training on walking safely with a cane or walking
aid was provided. ADL training included changing and holding postures, dressing, using
the toilet, walking indoors and outdoors, and bathing. The program was customized
for each patient by physical and occupational therapists and was performed under the
guidance of a therapist.

2.4. Statistical Analysis

The sample size was determined based on previous studies on PSP rehabilitation
interventions [10,11,14]. The normality of the distribution of all variables was evaluated
using the Shapiro-Wilk test. The Wilcoxon signed-rank or paired t-tests were used to
compare pre- and post-rehabilitation data. In addition, the effect size (ES, r) was calculated
using the test statistics. To interpret the resulting number, we followed this general guide
developed by Cohen, in which ES values < 0.1, 0.1-0.3, 0.3-0.5, and >0.5 indicate is trivial,
small, moderate, and large effects, respectively [36,37]. The ES is a statistical measure
that quantifies the magnitude of an observed effect. Unlike statistical significance, which
indicates only whether an effect exists, ES provides information on the practical or clinical
importance of a result.

Data were reported as the mean + standard deviation for normally distributed data
and number for discrete variables. Statistical analyses were performed using SPSS software
version 24.0 (IBM Inc., Armonk, NY, USA). Statistical significance was set at p < 0.05.
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3. Results
3.1. Analysis Subject and the Clinical Characteristics

A total of 121 patients with probable PSP were enrolled in this study. Patients were
excluded for the following reasons: (1) a score of mRS > 5, n = 53; (2) subtypes except RS
and PGF, n = 11; (3) inability to walk without assistance for at least 10 m, n = 5; (4) failed to
complete the assessment items, n = 9; (5) discharged within 2 weeks, # = 4; and (6) missing
values in the outcome data, n = 6. Consequently, the analysis was performed [11] on
25 patients with PSP-RS and eight patients with PSP-PGF (Figure 1).

Figure 1. Flow chart of study population selection.

Table 1 lists the demographic and clinical characteristics of the participants who
underwent rehabilitation at the hospital. Only the duration of disease was longer in
patients with PGF than RS (RS: 41.3 & 28.5 months, PGF: 77.3 & 35.4 months, p = 0.006);
otherwise, their characters were comparable at demographic and clinical characteristics.
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Table 1. Demographic and clinical characteristics of patients with PSP-RS and PSP-PGF.

PSP-RS PSP-PGF p-Value
25 8 -

Age (years) t 71.8 £5.8 71.0 £ 6.5 0.789

Sex (Male/Female) # 16/9 4/4 0.578
Disease duration (months) t 41.3 + 285 773 £ 354 0.006 *

26.7 £25 256 +£5.3 0.821

129 + 2.8 13.3+4.0 0.522

Symptom-Dominant side (Right/Left) # 10/5 5/3 0.352

Body height (cm) t 163.6 + 8.1 159.6 £ 8.0 0.220

Body weight (kg) t 56.6 £ 9.9 552470 0.821

21.1£3.0 21.7 £23 0.522

3[3.0-4.0] 4 [2.3-4.0] 0.665

I History 7 [5.5-9.0] 8 [6.0-9.0] 0.624

II Mentation 2 [1.0-4.0] 2 [1.0-3.0] 1.000

III Bulbar 3[2.04.0] 3[2.0-5.0] 0.324

PSPRS § IV Ocular Motor 8 [3.0-10.0] 6 [3.0-8.0] 0.346

V Limb motor 3[3.0-5.0] 4 [3.0-5.0] 0.242

VI Midline/Gait 8 [6.0-10.0] 10 [9.0-10.0] 0.135

Total 29 [23.5-37.0] 32[29.0-35.0] 0.420

RS, Richardson’s syndrome; PGF, progressive gait freezing; MMSE, Mini-Mental State Examination; FAB, frontal
assessment battery; BMI, body mass index; mRS, modified Rankin scale; PSPRS, PSP rating scale. Data are shown
by 1: mean = standard deviation, #: numbers, and §: median [interquartile range]. * indicates p < 0.05.

3.2. Effect on Balance and Motor Function Outcomes

Table 2 presents the comparisons and ES of balance and motor function pre- and post-
rehabilitation in patients with PSP-RS and PSP-PGE In PSP-RS, a significant difference was
found in the BBS score (pre: 40.4 £ 8.7 score, post: 43.9 + 6.7 score, p = 0.002), and the
ES was large (r = 0.57). No significant difference was found in the knee extensor strength—
weight ratio on symptom non-dominant side (pre: 36.0 &= 9.4 kgf/kg, post: 38.5 &+ 10.0 kgf/kg,
p = 0.093), but the ES was large (r = 0.57). No significant difference was found in the 10 MWT
(pre: 73.1 & 17.5 m/min, post: 68.5 £ 14.1, p = 0.096), but the ES was moderate (r = 0.33).
The 10 MWT of post-rehabilitation was slower than that of pre-test. No significant differences
were shown in the other outcomes, and the ES scores were trivial, small, or no effect. In PSP-PGF,
significant differences were found in the BBS score (pre: 43.0 = 7.7 score, post: 48.1 & 5.4 score,
p = 0.002) and the ES was moderate (r = 0.48). No significant difference was found in the TUG
(pre: 153 7.0 s, post: 12.1 &£ 3.2 s, p = 0.093), but the ES was moderate (r = 0.34). In the other
outcomes, no significant differences were shown and the ES values were trivial, small, or had
no effect.

Table 2. Comparisons and ES of balance and motor function pre (0 W) and post (2 W) rehabilitation
in patients with PSP-RS and PSP-PGFE.

PSP-RS 7 = 25 PSP-PGF# =8
ES ES
ow 2W p-Value (Degree) ow 2W p-Value (Degree)
21408 194038 0.18 25405 25405 0.00
Pull test, score (1.5-3) (0-3) 0.366 (Small) (2-3) (2-3) 1.000 (No effect)
404+87 439467 § 0.57 430+77 481454 . 0.48
BBS, score (19-52) (29-54) 0.002 (Large) (32-53) (37-54) 0.002 (Moderate)
128436 128433 0.00 153470 121432 0.34
TUG, sec (8.0-20.2) (7.7-19.3) 0.99 (No effect) (6.1-25.6) (6.4-15.8) 0.093 (Moderate)
. 7314175 685+ 141 0.33 7224160  743+169 0.08
10MWT, m/min @49-1130)  (42.1-92.7) 0.09% (Moderate) ~ (49.4-1022)  (50.1-53.0) 0.674 (Trivial)
11344246  111.9+209 0.08 10984375  123.6+ 249 0.25
2MWT, m (75-168) (75-162.5) 0.716 (Trivial) (60-190) (104-180) 0.207 (Small)
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PSP-RS 1 = 25 PSP-PGF 1 =8

ES ES

oW 2W p-Value (Degree) ow 2W p-Value (Degree)
35.6+9.1 353+9.8 0.05 339+ 135 339+ 116 0.03

Frnstruisns M 9.6-51.3) (9.8-51.3) 0796 (Trivial) (177-585)  (223-52.1) 0.889 (Trivial)
o ket /kg SND 36.0+94 38.5+10.0 0093 0.57 3414107 359+116 0208 0.25

’ (20.0-54.0) (20.2-58.0) : (Large) (22.5-52.7) (19.9-54.8) : (Small)

RS, Richardson’s syndrome; PGF, progressive gait freezing; ES, effect size; BBS, Berg Balance Scale; TUG:
Timed up and go test; 10 MWT: 10 m Walk Test; 2 MWT: 2 min walking test; SD, symptom-dominant
side; SND, symptom-free side. Data were reported as mean =+ standard deviation (minimum — maximum).
* indicates p < 0.05.

3.3. Effect on Gait Function Outcomes

Table 3 presents the comparisons and ES of gait function pre- and post-rehabilitation
in PSP-RS and PSP-PGE. In patients with PSP-RS, a significant difference was found in
the step length on the symptom-dominant side (pre: 42.5 £ 7.8 cm, post: 45.3 &+ 6.1 c¢m,
p = 0.046), while the ES was moderate (r = 0.39). The following parameters were not found
to have any significant difference, but the ES values were moderate: step length on the
symptom non-dominant side (pre: 42.7 &+ 8.6, post: 45.5 £ 9.1 cm, p = 0.053, r = 0.38), CV
of the gait cycle on the symptom-dominant side (pre: 4.4 £ 2.5, post: 5.2 &= 2.3, p = 0.097,
r = 0.33), and CV of the stance phase (pre: 5.5 + 2.7, post: 6.7 &= 3.7, p = 0.079, r = 0.35). The
CV of gait cycle and stance phase on the symptom-dominant side were larger post than
pre. In the other outcomes, no significant differences were shown and these ES were trivial,
small or no effect.

Table 3. Comparisons and ES of gait function pre (0 W) and post (2 W) rehabilitation in patients with
PSP-RS and PSP-PGF.

PSP-RS PSP-PGF
ES ES
ow 2W p-Value (Degree) ow 2W p-Value (Degree)
Gait parameters
0.21 0.24
Gait cycle, s SD 1.11 +£0.11 1.13 £ 0.11 0.311 (Small) 1.10 +0.18 1.13 +0.20 0.235 (Small)
SND 112 £ 0.12 1.13 +0.14 0.450 0.15 1.09 +0.16 1.14 + 0.19 0.160 0.28
(Small) (Small)
0.12 0.28
Stance phase, s SD 0.70 £ 0.09 0.71 £ 0.09 0.552 (Small) 0.70 £ 0.14 0.72 £0.15 0.161 (Small)
SND 0.71 £ 0.09 0.72 + 0.09 0.881 0.'0.3 0.70 £ 0.11 0.72 £ 0.15 0.483 0.14
(Trivial) (Small)
0.21 0.14
Swing phase, s SD 042 +0.05 043 +0.05 0.308 (Small) 041 +0.05 041+0.06 0.481 (Small)
SND 0424004 0424005 0227 0-25 040+£0.08 0424006 0262 0-22
(Small) (Small)
0.39 0.03
*
Step length,cm 5P 425478  453+6.1 0.046 (Moderate)  39%87 436477 0.889 (Trivial)
0.38 0.21
SND 427 £ 8.6 455+9.1 0.053 (Moderate) 422 +115 449470 0.293 (Small)
0.15 0.20
Step width, cm SD 105+ 3.8 10.8 +£3.3 0.465 (Small) 9.7 £ 3.8 94 +3.6 0.327 (Small)
0.15 0.10
SND 105+ 3.7 10.8 + 34 0.468 (Small) 94 +37 9.7 £ 3.8 0.612 (Small)
SD 44+£25 52+23 0.097 0.33 44 +35 42 +3.1 0.866 0.03
CV of gait cycle ’ ’ ’ ’ ’ (Moderate) ’ ’ ’ ’ ’ (Trivial)
0.23 0.28
SND 46+24 40+23 0.265 (Small) 44431 45428 0.575 (Small)
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Table 3. Cont.
PSP-RS PSP-PGF
ES ES
ow 2W p-Value (Degree) 0w 2W p-Value (Degree)
CV of stance SD 55+27 6.7 £3.7 0.079 0.35 52+32 63+32 0.327 0'201
phase (MO(;i fgate) (S(Iln 1a11)
SND 6.6 £2.3 6.3 +27 0.376 (Small) 84173 63 +32 0.575 (Small)
CV of swing SD 67446  64+35 0.700 0.08 77440  58+21 0.327 0-20
(Trivial) (Small)
phase 0.06 0.28
SND 6.6 +3.9 6.6 £4.7 0.784 . 82+5.0 49+23 0.161 ’
(Trivial) (Small)
CV of step SD 93474  83+42 0.407 017 88+34 5322 0.036 * 042
length (S(l)‘r}]azll) (Mo(;:l;;ate)
SND 85+41 8.6 £4.8 0.915 (Trivial) 89+41 63+£32 0.068 (Moderate)
0.02 0.08
CV (.)éts}tlep SD 274+ 18.3 257 £129 0.920 (Trivial) 316 £256 31.6+16.0 0.674 (Trivial)
W
SND 269 £ 16.6 249 +£15.8 0.424 0.16 276 +157 23.0+114 0.327 0-20
(Small) (Small)
Symmetry Index
. 0.13 0.03
Gait cycle 1.8+£15 1.7+£17 0.533 (Small) 1.6 15 1.6 1.8 0.889 (Trivial)
0.02 . 045
Stance phase 45+£35 44431 0.903 (Trivial) 6.1+42 274+22 0.025 (Moderate)
. 0.03 0.28
Swing phase 74+54 76+£52 0.864 (Trivial) 6.2+43 27+24 0.161 (Small)
0.07 0.28
Step length 109 £7.8 103 £8.7 0.715 (Trivial) 124 +104 6.6 £6.7 0.161 (Small)
. 0.11 0.00
Step width 14.8 £13.8 13.0 £8.7 0.568 (Small) 181+ 154 17.0£8.1 1.000 No Effect

RS, Richardson’s syndrome; PGF, progressive gait freezing; ES, effect size; CV, coefficient of variation; SD,
symptom-dominant side; SND, symptom non-dominant side. Data are reported as mean =+ standard deviation
(minimum — maximum). * Indicates p < 0.05.

In patients with PSP-PGF, the following parameters were found to have significant
differences, with a moderate ES; CV of the step length on the symptom-dominant side (pre:
8.8 & 3.4, post: 5.3 £ 2.2, p = 0.036, r = 0.42) and the stance phase of the SI (pre: 6.1 + 4.2,
post: 2.7 & 2.2, p = 0.025, r = 0.45). No significant differences were found in the step length
on the symptom non-dominant side (pre: 8.9 £ 4.1, post: 6.3 + 3.2, p = 0.068), but the ES
was moderate (r = 0.37). For the other outcomes, no significant differences were observed,
and the ES were trivial, small, or had no effect.

4. Discussion

Herein, we investigated the effects of a 2-week short-term rehabilitation intervention
on motor function in patients with PSP-RS and PSP-PGE, finding that intervention improved
the balance function in both subtypes (Figure 2). Because the type and dosage of medication
remained unchanged during the study period, the results of this study can be considered
attributable to rehabilitation. Furthermore, this is the first study to show the effect of
rehabilitation on PSP-PGEF, whereas the majority of reports have focused on PSP-RS.
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Figure 2. Outline drawing of the current study.

Prior research has reported that balance training, gait training with a body-weight-
supported treadmill, or robot-assisted gait training improve balance function in
PSP [12-15,38-40]. We previously reported that balance function, particularly the BBS
score and pull test, was improved by a multiple therapeutic exercise program for 4 weeks
in patients with typical PSP-RS [10]. In this study, the same program induced a significant
improvement and moderate effect on the BBS score just for 2 weeks in not only PSP-RS and
PSP-PGF. However, no improvements in the pull test were observed in this study. Therefore,
a 2-week intervention with this program would be sufficiently effective for comprehensive
balance function, but not for postural instability, in patients with PSP. Alternatively, as pos-
tural instability is also one of the major motor symptoms in PSP, with severe consequences
for patients, the intervention period of 2 weeks might have been too short to bring about
an improvement. The BBS has previously been shown to predict falls in patients with PD
and neurodegenerative diseases [41,42]. Therefore, short-term interventions to improve the
overall balance function may help prevent falls in patients with PSP.

In the current study, although moderate-to-high ES was observed in the gait speed of
the 10 MWT (decline), knee muscle strength of the non-dominant leg (improvement) in
the PSP-RS group, and TUG time (improvement) in the PSP-PGF group, we observed no
significant improvements in motor function (TUG, 10 MWT, 2 MWT, and knee extensor
strength), except for BBS. It has previously been reported that rehabilitation, such as body-
weight-supported treadmill gait training [12] and robot-assisted walking [39], improved
gait speed in PSP. The program in this study was designed to improve balance function,
and strength training was performed with body weight, likely resulting in an insufficient
load to improve muscle strength. Furthermore, walking exercises, such as side walking
and tandem walking, emphasize maintaining posture while walking rather than targeting
improvements in walking speed. Therefore, to improve other motor performances, such as
muscle strength and walking speed, it is necessary to implement a program specifically
tailored to these goals. Furthermore, fall risk cutoff scores for gait speed and TUG suggest
that the higher the speed, the lower the risk of falling in patients with PD and in the
elderly [43—46]. However, patients with PSP develop postural instability from an early
onset and have difficulty controlling their balance, resulting in gait instability and repeated
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falls. For these reasons, the focus should be on improving gait stability rather than gait
speed because patients with PSP experience repeated falls due to postural instability from
an early stage. Therefore, we focused not only on speed, but also on stability during gait
and investigated gait parameters.

Analysis of gait function in patients with PSP-RS showed that step length on the
symptom-dominant side was significantly increased and ES was moderate. The step length
on the non-symptom-dominant side was not significantly different, but increased with
moderate ES. This result supports the previously reported increase in step length with
training [11]. Although there was no significant improvement in the CV and SI, the CV of
the gait cycle and stance phase on the symptom-dominant side increased with moderate ES.
Gait dysfunction in PSP has previously been reported to be characterized by a decreased
gait speed, narrow stride length, wide base, increased CV of gait cycle duration, and
asymmetry [33,47-49]. Further, studies reported that the CV of stride length/speed during
circular walking is significantly higher in PSP patients than during straight-ahead walking,
and worse gait parameters during circular walking are associated with an increased risk of
falls [50]. Our results showed increased stride length, but not increased CV, indicating no
improvement in gait stability. Therefore, to improve the gait stability of PSP-RS patients, gait
training focusing on improving the control of gait speed and balance when turning around,
adjustment of gait rhythm (phase reset), and asymmetry, along with balance training for
postural stability, should be introduced. In contrast, the comparison of gait function pre-
and post-intervention in the PSP-PGF group revealed different results compared to the PSP-
RS group. Although there was no increase in stride length, the variability in stride length on
the symptom-dominant side was significantly reduced, while the effect was moderate. The
asymmetry in the stance phase also significantly improved, and the effect was moderate.
In atypical PSP, there has been one report of improved gait speed, symmetry, and accuracy
with boxing, step tasks, and treadmill training [20]. In the PSP-PGF group, improvements
were obtained for some indicators of gait stability, but not for other parameters, such as
stride length. PSP-PGF is characterized by freezing of gait, such as difficulty initiating
gait and “freezing” during walking and akinesia of gait [51]. Therefore, to improve gait in
PSP-PGF, it is necessary to focus on interventions to improve freezing of gait and stride
length in addition to gait stability and gait speed. Therefore, it is necessary to develop
rehabilitation interventions for each subtype to improve gait disturbances.

The present study showed that a 2-week short-term rehabilitation intervention im-
proves balance function in both PSP-RS and -PGF. However, data on the effects of PSP on
posture and gait stability in PSP are insufficient, and further studies are required. Injuries
caused by repeated falls are a significant problem in patients with PSP. Future research
should include a large prospective study on PSP falls as an outcome.

This study had several limitations. Firstly, this was a retrospective study conducted at
a single facility with a small sample size, lack of a control group, and absence of follow-up.
In addition, the sample size was small, which reduced statistical power. The size of the
PSP-PGF group was minimal. Furthermore, there were significant differences in the number
of patients between the PSP-PGF and PSP-RS groups, which might have influenced the
significance of the group comparisons.

Further prospective multicenter studies with larger sample sizes, randomized con-
trolled trial settings, and follow-up of long-term rehabilitation are required to validate
and support our findings. This study mainly focused on the physical and gait functions
of patients with PSP, but the impact of therapeutic intervention on patients’ QoL remains
unknown. In the future, the effect of rehabilitation on the QoL of patients with PSP based
on PSP-QoL [52] or EQ-5D [53] should be investigated. Finally, we did not collect patient
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feedback on the intervention practicality or benefits, but their feedback would enrich the
intervention program and its clinical applicability.

5. Conclusions

In this study, we showed that a 2-week short-term rehabilitation intervention program
exerted beneficial effects on balance in patients with PSP-RS and PSP-PGEF. In addition, we
found that the stride length on the symptom-dominant side increased in the PSP-RS group,
and that the asymmetry and variability of the stride length on the symptom-dominant side
improved in the PSP-PGF group. Because the effectiveness of rehabilitation interventions
varies according to clinical subtype, rehabilitation strategies should be specifically devel-
oped for each subtype in the future. Although these results are preliminary and require
further validation, this is nevertheless a valuable report that demonstrates the effectiveness
of rehabilitation for PSP.
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Appendix A

Table Al. Overview of the multiple therapeutic exercise program.

Program

Detailed Description of Programs

Range of motion exercise
and stretching

Stretching and joint range-of-motion exercises are performed passively on the restricted
joints and muscles, assisted by the therapist, to improve postural alignment.

Muscle strength training

Loading by the patient’s own weight or by the hand of the therapist on the limbs, neck,
and trunk.

Focuses on core training and performing leg raises, bridges, crunch, squats, heel and toe
raises, front lunges, side lunges, etc.
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Table Al. Cont.

Program Detailed Description of Programs

Under the guidance of the therapist, balance training is performed to improve postural
stability and control. Depending on the patient’s motor function, the degree of difficulty
can be adjusted using a balance cushion or performing with closed eyes.
. Moving the center of gravity back, forth, left, or right in sitting position;
e Quadruped leg lift in all-fours position;
o  Holding upper limb elevation or rotating the trunk in kneeling or
half-kneeling positions;
o  Holding standing position on a stable or an unstable surface in the opened leg
standing, closed leg standing, tandem standing, or one leg standing positions.

Balance training

Adjusting the level of difficulty using a balance pad/disc or performing with closed eyes.
° Reaching back, forth, left, or right;

. Stepping back, forth, left, or right;

e  Turning clockwise or anticlockwise.

Gait training focuses on balancing gait so that the patient maintains postural stability
while walking.

Side walking;

Tandem walking;

Cross step walking;

Backward walking;

Treadmill training;

Shuttle walking;

Sudden starts and stops;

Walking and turning around.

In addition, training on how to walk safely with a cane or walking aids is provided.

Gait training

o  Transfers: getting up from a bed, rising up from a chair, transferring to a chair or bed,
and sitting down in the chair;

. Toilet use: getting to and from the toilet, turning in the toilet, and cleaning oneself;
Bathing: transferring in the bathroom; straddling the bath tub; washing one’s face,
hair, and body;

e Dressing: Putting on and taking off upper and lower garments;

Mobility: walking indoors and outdoors;
Stairs: going up and down stairs.

Activities of daily living training
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