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DIEBI DT —Z ANSWBZET LTWD, EFEEO TR EZ L oD VR T X v ) 7 OE%
EEL,. Z07ru0—7 v 7RAEEZEMK L, 7285 1 U X Zindolent ATL%Z Bl & 732 L7z, HAS-Flow
fEMT BB SN2 T, ZNH DT —F LERRERICEL VW BREEEZIT> TV TETH S, Indolent ATL
MDD T T v NAR— AR I T2, AR A 0T, HARHTLV-1%2 & O#EED ¢ & 2B Gk E
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A. THEBEB

B ANTHAAE A 195 (adult T-cell Leukemia-
Lymphoma:ATL) [XHTLV-17 A /b A Y3 DF)
5%FEBEIZFEIE T D BEIAR M O RIS © . FIERE
M1 & 72 HHTLV-1 BEYWEIL, ERRAIIZ A TARERIL
endemic area (FEi=iE#R) —HOTH D, F Dk
QLB AT 20074F D 2 E A TIFHEER 1075 A &
ST e, ABEYEIIAIROH T HIEYHE D5y
AN HIRE 72 0 23 0 . JUMI, IR fE(E A
ERD40%L EEED T2 b H 0, itk
LT XD MA T, EE L TOXRITE
LNTI Dotz ANADOBENTEE H KREHTE A~
DIKGE DIIATDPENR Y 70 8% T, 20114 &
D EIC X AHTLV-TR &3R0S Bl AG S 4L, Afba i
BT D HHTLV- 15U A O LA k7 £l &
RGP REXERSC. v U TICxI9 A HHERIK
il OFAf 72 EDMTONTE T, 2016FD A

IR v U 7 BUIHEERI82 N & Zdu, il
BAERNZ & 5 75, — #4000~ 5000 A DPEEL
U R DB O EDHEE S, S HITHE
FEDOIMHIX TORRINT — & & H 7= G
T, BHFEE ., FFICEF BB A HUR S
BOWMNRES I, TOMNRPEHETH D,
ATLIZ FILA3EIC LD <50 8 (@R
U oosERL 2RO 4 5FRI T bivb, #
PEAECSY A S R QN = N SN Rb =9/ AP AT VA
5 A4 7T U aggressive ATL & FEIZ L5,
aggressive ATLIZIILFRIELZEMT 5L &b
(2, WD B DIEBN KT L Crid mimia e
T, —EOEMAGENMEONTEY . B
FAEDOUGE & & BT, BEEICOILRE BfE L
TP TN TV D, F72, HLCCRAFTIR, L
TV R~A R EDOFBLOIEAOENHHED
HNTWD, —H < T50H BHERIREGRIC
1#1T Lindolent ATL & FE[E41 %, indolent ATLIE
BN BE % Bith9 5 Z & 12 X D survival benfit
DFRD BN LD IR B 22 D
W72 T8 CTh D3, W b OAAFHIM g
13414 (Takasaki Y et al. Blood 2010) & &1L
TTPRIXRLF Tlx e < Hi- 22inSEA| o B %




ETRBE G OBEINR RO LN TS, ATL
VXA O FAE LA 11004 FREE & HEE S5 Av/b
DATHY . FBUNREEEERHEICINZZED

9 Hindolent ATLIZ23.5%C (55 RHF R IR HE T
2SR EE) ATLOF THLEHIHD Th D,
JE 55 B CH 2 D Eifi L 72 ATL2 R EREFH A D
FEERTIE (20114F) . indolent ATLOIEHE i #H%
MEFx Iz KX 21X 52> & NIEF TR E < (Uchimaru K
etal. M 2011) . indolent ATLIZ %42 b7
TRIRF 82 e LT 72Dk, EEEED
H TR EMEDOR Y MU — 7210 Bk S
FU7=indolent ATL® =17k — ~ 24558 U JR REARAT .
TRIEF# L ZDOFHIZHONTOED EMERE
IWEL TV ZENRRAIRTH D,

2002 4F 7> & 38 H 25 BA 45 & 41 72 ISPFAD(Joint
Study on Prognostic Factors of ATL Development)iX
BAERE20DHEN R, S4fis 23S L35
HTLV-IE R E 288k L C 7+ —T v 7% L
PR3 B R RF AT MR R AR 2 B3 2 [ R =
R—FAZT 4 THDHH, 2018F L T ITEE
BE40004 2 280 LT, £ DOHIZIZ400614: 0 D
indolent ATLJEF 23 F £ T 5, £/, JSPFAD
SRR LR E D FFE 72 ATLXR I a2 /8 # L
TFE Y (JSPFADEERIER])> &indolent ATLIER] %
Fhi L CHr/=Zindolent ATL 5 — % ~_X—Z (DB)
FRER LKRICER LT Z Eic kD,
indolent ATLIERI DEEFE & HOEWTZET » AD
RN ATREIZ 72 D o ARBFFEIZISPFAD B ERIEN] &
~N—Z (Zindolent ATLD 2R — M &2AEE L, &5
\ZZ DGR T — 2 IZHE-51F 5 AL 72ISPFAD Y >
TN EINEET D Z & Tindolent ATLODJRHREAFZED
TT7y MR LAEBETLELEBIT, ZHD
F— X4 %t & |Zindolent ATLOJRRERMERH, U R~
FHMIZ S < BIRIESOKREE BT,

E 51T, T EEGMES v U 7 O OIIEN
AV A7 BEOFIANHED STV D28, KR
7oy AV ZEDRE% L EDOIEFIT A Y X
77X x U T LT 5 (Iwanaga M et al. Blood
2010) . JSPFADBERIES|H ORM M H 7 7 v A
IV A BEDA% L, EOSERF 2 AT L CREST L T
REZ LS5 Z Lick ., BIENA Y RS
X ¥ U7 OFREORY, FEEBLE O HIFF

Sha,

DL B %3 50T SR CIIISPFADA SR IE 5]
#~_—Z & LU7zindolent ATLOL VA R —
VAT LEREZ L, indolent ATLDYR REfREEA
IZET 5L &b, BEGERMIEEE & DEHE
K 222 L . indolent ATL WF9ED 75 » b
H—LEEE HIE T, S DIZIEIARMZEEE 2 X
— AIZHTLV-1 F % U 7 *HE a3 b o HE
HEOT-OOmFEZED D (K1) |

B. HfEHE
1. Indolent ATL DS(data strage)DHEEE
AT4EFE & CTIZISPFADT — & Bk w7 = 7
A FOY T A7 AL L ThDindolent ATL DB
(Data Base) DAEZENIFITE T L7-D T, &
SOBREEAT > 7= BT, FHEMZBET 5,
A% ARDBIXEER 77 » b AR— A DRADDAR-
JOIFEHEL X7 LIZHAT L. HTLV-1BEE
DT —H R—2 L#fET 5 = L PEE SN
TEY., VAT LOBATICNE 2 B ORRET
72 EHAATLCHtET B,

2. JSPFAD%§JE ffilindolent ATLIERF|DOPEW
HLET—% DI

Indolent ATL DB OiEH BRGNS Z &
(2 &V ISPFADEEIERID 9 5. indolent
ATLJE®IE B #119iZindolent ATL DBIZH T
— X NHEVAFEN D, Indolent ATL DB D3
#4617 . ISPFADZINfERXIZ A — U 7Y
A NCREE, BMIEGOT — X AT OUKEE &
& BT, HEUR TR EIEA SR AR IR A 7
+ T3 ARG A S BOR R E R R BN O
BRCBT5, 77— ANRITHLBMT 5,

3. HAS-flow fi#HT% OREEE

HTLV-1 &4 OCDAB DO CADML/
CD7DFBL L~ X b | HTLV-1EGsiia o
FES L OHERRE OFEMIC A A ThH 5 2 L 3
HINTWD (HAS-flowi M5 Kobayashi S
et al. Clin Cancer Res. 2015) , JSPFADX &k
JiE 5] ODHAS-flow AT O 5 — % O FHAEIZ S
VW Cvalidationz 1T~ 72 T, INES 7LD




fEdT Z BAAGT D

4. Indolent ATL:L mUANAEFXT Y VT LD
[

NAY AT EERTWD R PHTLV-17
O ANAENI%DLL EDOF ¥ U TIER &
indolent ATLJE % % tb# 95 Z & idindolent
ATLIEB DIRREZ fENTT 5 5 X THETH 5,
JSPFADX k¥ v U 7 O CTF a7 A )L A &4%
VL EDJEFI ZHH L. indolent ATL & Ao, Z
O OHASIENT 21T H & L bR E 7+ 1 —
L. Aot CRE 3 2 WFoefEk & OEiE Iz X
RREDFENT 21T 9, 2L DX v U TREFNIZD
VN ClXindolent ATLAENTHI S IFIXFRIEAT H 2 &
LT 5,

5. Indolent ATL DS % F\ 7= HTLV-1#F 52 EI A
JEHE & DR O

AWFFEIZ £ 0 #EEE X DHindolent ATL DS &k
JEB DGR T — 2 B LT —Z IS Hi7-
B> 7V iindolent ATL 5 FEAFFZE (A D T A
TR T Ty AR — L ERMT D 2 L RNARET
& %, ADS & HTLV-118MF5E & DOmHEAH] 2 4%
KI5,

6. ATLH 2k~ NV —27 EHTLV-1%
¥ U 7 kPSR O

ARUFFE DR — R & 732 5 JSPFADIC —EEL D A
FRGREAT > TV D% ZHTLV-1% v U 7 %}
RoPEBERE L rESiFxy hU—7
EHES S 5 Z LT X W HTLV-1 % 5 Jifi 5% o il i
{LDFERERAK %17 5, HARHTLV-1774 & D

&L WEREE Tl sk & L CoO B
%%@%Lt@f WEFEERRE SN2 HAR
HTLV-1" P& B G R EER E Z B2 DI
E%UTE%EEIJ\ [ AT AR 72 & DRI DAl & | 38
TEfGRY DYER ZHED D,

(fi B ~DFALIE)
JSPFAD D& ) A 113 HRUA R 2258 R A1 Al B
FERHZ BT, WFZED ik & LT Ofi
HEELZTAFE SN TEY . ZONEEHH

EOHIZADSOBEIZHOVTHitdi I N T
W5 UKREZ17-118) o _h%:%) }: _JSPFAD
SRR LA fERX IRB O] W2 i 5% i BR
FTEMNMTONL TN D

C. HFoErE R
1. Indolent ATL DS D## £&

WHEEE IS %2 58 T L= Indolent ATL DS~
DJISPFAD 7 — X%k = 7 A EH DT
— DI AL DA v H—T 2—A|ZDNT
DORFEAELTV, ISPFADT — # B4k = 7 %A
NDOAIERNT F A MERIZ/> TN DT
—ADBBITENRN 2 E, W OPDORES
ZIEIE L, TH K E CIZHEER D AIRE 7RI &
720 J#E A & B4A L7=, Indolent ATL DBOAE &
&, FEEM LTV bindolent ATL DBD A )
B A A — &2 X2~41R T, KAt &9
\ZIJSPFAD Y = 7 %A RIS EEHYE) Y 2 D
7% CIndolent ATL DSIZF1TCT& |, JISPFADDT
— 2 EXDFEESIHT OB L 72> T D,

ARDS%JSPFADT — Z Xk v = 7% A k&
& BT, MOHTLV-1BhEE T — &% X— X T
HDHANLIA> & HTLV-1BE Y o~ FPEH
T — 4 _— A HTLV-15Mlgash B 7 —
HNR—R L EHEXED O, #HEL VA B
) —RADDAR-JDIERE S 2T MIKEAITT D7
O O BARH 22 k5 2 3048 H 22 BB AR L.
YL 2T 2T 5 72 DI MBI B 2O
TORR %17 > 72, RADDAR-JIZE T 25 MZHE
AT H, #EMZE N H L JSPFAD Y = 7 %
PRI & O E T o 72,

2. JSPFAD%§JiE filindolent ATLIER D B\ HY

LT —2piutk

Ak304-8 A 7 Hindolent ATL DB D A% Ji
MR LT 2 128V | ISPFADEERIER] D
5 Hindolent ATLJER]IX H #AJIZindolent ATL

BIZHT — BTSN TWHDT, JSPFAD
%mmﬂ_ﬂL\EM$%&Aﬁ®%ﬁ%ﬁ
STz T—HAINZONWTIEZY T T D
T A EERMIENTHILICL T, F
BRTRITANT 2 &bl b LT, FHELE,




FHERTT — X OIUE L EHEITHIRHIE LT,
H1EIOEBRN —T 4 7T, T—2 AJ1D
EHOHRE L AJIRE M ET 5720, EBICH
IMEIET N E gk 2t LT — & 25464, AT
DEEZ K> 7=, FFoTHES5H 17 HEILE, indolent
ATL DBEGHEFIE4166], 5> BT —2NAT S
AUVTIERNZ 15561, EHER3T2%, MmIKX—ZT
1754 R Freddamin, EHER36.7% TH L (¥
6) o AN BDB~DBERETOZ A LT
TDT=H, 100%I1T 72 BN, Bl &kiExT—
Z DIV Z ke L T <,

3. HAS-flow fi#HT% OGS

2949 A 5> 5 ISPEFADIC & 5 o 7 LI
FIENEFIZ/R Y . 2 E TR HE K
AR T ZE R B8 R o B JE = 1 R
B AUTZ AR I 2 AP FE SR CHUZER 3B L TN s,
Wpk2949 H LIRS SEH5 25 L T SRLIK S #E
CTHEER T BEE THETT L. 0B L 7 B ER O il
FERTFRIR DS SNLARICEE S, i
F COFRFRFER AU IEATH R IR IR 7 =
—H A F A U —IZBIF H5HASEMNTIZEDTA L
DRIMIEIZ L DN CTH Y | HEEROFHEIEN
EEINDZ LD 20 EFEE D HSRLRIK
DvalidationZ 1T > TV 223, —HBDAEB] TSRLAL:
W X BB T BEOBIRIZ K 57 — & L s
W KD RICTRBEN Lo NT-, 2D DE
B TIIFSCAY K & 8 TSSCHN K & W EBHIE &
B 5 ER AR LT, H
BEERSTBEOEFE T, FEEM2S L 0 SIRIIIZHE
ML L CW AR EoMBENRE 2 bz (FEE
FEAMFEREZESZ ) . RASHESRLO W 6 15
T, WEOTZOOFIKIEIH 21TV, BAZER D BERF
DIEETRORE L, kRO E21T
SN, HoNRFKEEZIEDDZ LIFTE
o7,

—J7, WAT L CLSHEASHHICKH L TiTHo 72
HZER BRI Tk, R R FEREFERT ©
FHELTREDT—2 L BV Z R LT, £
Z CHEER D BEES R a LSIEN S Ic A &
L T3 1452 A 7> Hindolent ATLJEROHAS-
flowfiEAT 2 Bith L Cu 5, BEELRERG S b
BRI OWT, RilGEOHEBIR I —T 4 7T

JEFNZ DUV THRRETO 1| JHllindolent ATLAE1
2HZ DOV THAS-flowfi#4T % 520 L | indolent
ATL DBF L ONUSPFADT — & Xk v = 7 4 A
MZT — & 2R T DIRE 2 fEr LTz,

4. Indolent ATLE @ VA N AEFT Y VT L

DL

WEAREE . BUR KPR P FEAT it @ pke ©
JSPFADIZ % &k & FUHAS-flowf#AT 21T 7=
Gat7ap] (BIEGMES v U 74861, <350
RIATL1SBI, 18MERIATLIB]) OHAS-flow <
H— & T t% & OB A RNT LT, BlEHIM
PR fEIE1113.50 (0-2623) Th o7z, T D
B HAS-FlowD /X% — L )5 [XSI2 79 Gl~
GHZTAER 2338 L T DR, T & fiiht
L7z, GUZET DAEFIIE20/1 T 245153 M {5
Py U7 THY, KR 7re oA L 2 &
122041 H1 19451 73 Iwanagadify 3L TS S 4L TV
HRIEV AT BN nEEZLNRTWS TRy
ANVAE<4%DIEFTHY . 7R 1HIHITIE
4% DIEBITIHIEY A7 DIRNVEE L% v
UTNGART DI N—TEEZE 20N, G27
JL—1I1THITRIL Y BB FE NS v U
T TholMN, KM 7D A L AT
[B13 E A 25 & 2 1561 H 13451 T4% A 2 T
720 G3Z N—T1X18BIT, =D 5 L FE DI
PIEGNES v U 7, i dindolent ATL TlZ
ENEIFLTEDRATLTH o 7=, HASHEHT
Rl 7 e A VABNEEINTWDH AT
Tu A NAEIFTA%L ETHoT, G4T IV
— 71319451 T2 % B\ >y Tindolent ATLT&H ) |
FEIEMR TH T, O NA—TH T e
A NAETEHI4% L ETH ST,

G377 N—T DIEFNTERE U > RER5% R4
DL AL, BT 5 EE
Xy U7 TRV RATL E O EIT- 72
DRIV THIERS RO, ZiuhDRES]
IZHAS-flow EIZXBINTE 4, JHEERICE—
DHLOEEZ LN, 2D OREFOEHAL
FIEA~OBAT (58MEEL) 12 oW TRFH
5HE. GI~G3ER & il L TG47 V—7T
X EDA BEEE o T b HRiE~B1T
LTBY, FRfEIIH4ETH D Z EaR Lz




(®7) ,

IhbE b &IT, SEEKBITRT X572 A
V27 X% VTOT7+u—7 v 7 H#toRE%
B LTz, ZOREBOHEAMEORIED =D
indolent ATLIZ /N % T JSPFADZINE D 5 HKFY
MmM7>va 7 AN AE4% L EO—EHDOF+ T
DHAS-flowfif##T 2 BR A L 7=,

5. Indolent ATL DS% i\ 7= HTLV-1#F7E 58Ik
WEFEHE & ORI DO AESL

ADS & Y 7L v zindolent ATLYF REfiF
B OMAFFEEE & OEEERH 25 Lo, BARE
S 7E BRSNS (AMED) A EUHEEM e 53
HER = BT o AW AR Y — 7 > M
72 ] 1WEFE, A TATL/HAMO FAEFEAE O fifie &
FIENA VAT T N—TDRE] WABEFIE &
HEL, 2O ORI TIL RERDOBIKRT —4
MHBEEHLEFY U T LTS AATLOH
MR LB X ONDERN N T A7 ) T h—
LPRHTIC X 0 BARFFELOBLE NG & XRIA A
HMThAZEEHLNIL, ¥ AEROER
PSHTLV-UEGSHR O RS L 0% BERFE TH 0 |
EHBET. BXOZOEBEOMITICL > T, &
PR L DONA VR BEEFRIET 2287
L OEDTZD DY —)L & L Ttarget sequence D
AL DRIV EBR LT,

6. ATLH EZaz#hisy 1t bV —27 LHTLV-1%
¥ U 7 kPSR OREGE

WEAEEE . AHFZEBED L & 72 > CTHTLV-1% v
U7 xHSHEME R Y N T — 7 OBED T2 D
WARBEMORFTEZITV, SFEEIAND BAR
HTLV-17723 8 Sk [ 5% BRI B2 28 ST e itk 1 &
D BRRh S AL, BARHTLV-1222EEESI0AHE
% JE T H ARHTLV-1 7722 %% Sk = B i B 7 E 22
BRMNHE Iz, FOAREEEEE B2 0
72 o THIERENE 2D | FRR30FE12 A1 HAR
HTLV-1772 8 kR g BAMIEE AL, B XA AR
HTLV-1 7723 %% gk = e 1% B8 1l B2 a1 7 80 HI) 2 7 Ak
L. BEkERBEBI O AR 7038 E 2 Blta LTz, Bl
1E, JeATelts CRAERK B EREIITHTI BB,
B~ U7 o ERRHE, IRKBREGERPL,

BRFIEPE, B SR TFRPE, A AR AP
WA TN At v & —  BEAR KRR
AN ] NN N ] N 785 AN = 5] 7
DHTICERE S, & BT, BIFKZRPE, W
R AIRBENRBEFRHIRREL 72> TV D, i
ITOMIRR ITHEATARA DOHEIZ L > T, AHFED
FERREEL FRITRE LTS, ZOREHR
L HARHTLV-1"22 %18 U CJEA T #3412
HEEINDHFPETHLINERZE L T& gk D
TR EEEZIRMTT 5,

D. &%

Aggressive ATLIZ X7 2 1AHEHENS & LT {k
SRR BT TAESRIC X B 1R & i
AL L 0 | IRRFE 3 it ST
WD, FrEEAIE L CTF TIZHICCRAPLIR
(mogamulizumab), lenalidomideZ & 23 Eg AR H
SN, EBICEZHIR ZHELEROBIFRE R &b
D HENTWD, F 7= mA AL fEE T
ATLZ %5 & L7ZHLAY:-A BB oA AED
RREEDHED LN TEY . MIRRRTHT—X
NS H 5, —H T, BIRERTHIREMSE
DZEF L 72> TWDH DD, indolent ATLIE LR
FIENA U AT X U TR DI A
32 CTd 5, Indolent ATLIZ X3 2 1R RIGHE | 3
TR BLERE & FRENEIRIT AREC T12IC2E
DIRHNRNT &5 | BIfEDindolent ATLIC
X9 % EEUE R T2 7 B 13 M TR R B 22
(watch and wait) Td> 25 (H AL 7223 1 i #e
ST A BT 4 20134E0) . LavL,
indolent ATL ® P4 13k L CRIF CTiE/e <
(Takasaki Y et al. Blood 2010) indolent ATL(Z X
L CTH#h721R¥F X Windolent ATLIZK 35
H LUVVBEERIE SR H R E TV 5, Indolent
ATLIZXE T DIRIEH# OfeTIZ S Izl
AV RT X U T ~EJRER G & PR TRIE
TREDOI NIERE~ & FEET D [ REtE 26O T
B, FVEETH Hindolent ATLOD F TIL7R
<HTLV-1 5% v U 7 2R 2 L3 I AN T2 iF7E
\ZHRT 5,

AFNZH T DHindolent ATLO T4, 572 L
DEREIZ DN TIIN L DD KB 7214




e (Katsuya H et al. Blood 20151tt) <C/EA57
BRIEAIC X 5 2EFEERE (IR, 5
RIFFE BIRFEL) D0, WIS Y
W9 Td 5, indolent ATLIZHLIY A 707570 D3 A
ThHY, T—H LI A N —ZHEE L TEB O
EREEITV R — MET 25 FIEDNHEOME]
EIREIEOBRIITER L E NS,
AWFFEITHTLV-UERE 2R L Lo ak—
NMFFZEToH HISPFAD%Z & L 12, & 2GRS
LTV Aindolent ATLJER|Z 24— MEL., T
“T—%, THTHl~—h—DBRRERIAXIC
HEL TV HDOTHY | MIADIEHITHOI
5 Z & Hindolent ATLIFZED 77 » ki — A
ELCORREER R Z LRI SN D, 54
FE B FEERANAG I T, BIE4SH O
indolent ATLJEGI N HH STV 5, FHERIZ
K VNERT —Z DATIBHED LN TEY | 54F
FEVI AT ERTIEBID DIEIR FE Fl~— A2
FRARRREA Y L, Rar—hazb Lzl
7zindolent ATLD THMEHTIZ & HLY 23025 T7E
Tbhb,

KU AT LO—2DFEIEL, FRRo T &< W
CINANRNEESNDEZ ETH D, Fex BB L
7e7u—H%A kA RY—%HWZHTLV- &
A 2R o~ — B — fRHT > A T L HAS-Flow ik
(IXI5) 1%, HTLV-1E4H o R v FE O fif
HrizHEH TH % (Kobayashi S et al. Clin Cnacer
Res. 2014) . WEEEED PifFATICIR W TARIESL
F\ Tindolent ATLOSERID 9 H DG4 )Vv—T
(X5) MmAavtizfb A U AZREE LCRET
% 2 ENEESINT=H, 4St4indolent ATL DS
ICEB S DHASflowT — & L P L OB
DOFEMTIZ X v | validation2¥MThivnd Z & DI
N5, ZOfEMTT — % iXindolent ATLOHT
HEFHZAER Y 27 OEVEFIZRH L TR,
F T E AR Lindolent ATLOH T, HilF
RCEHABEEDO U X7 OF < 72 WERI 2 i L
TWDZ LT/ %, Sfkindolent ATLIZKIT %
TR 22 21 5 12 3BT, 1BIEICPE S BIFEA
72 % EET D Lindolent ATL Z — T4
THDTIERL, RYDEHRTONA Y AT JE
Hl 2R 25 Z & 13D CEETH 5, indolent

ATLIZ X9 B ARAER 72 07 $H X IR R B 22
ToH DM, 2010 I JZA T EF FHFETIT o
- EEREFRA ORS R Tl (EEEE2010,
Uchimaru K et.al. Int ] Hematolo. 2010) . %§iZ
BRI ATL OV S H T R RRR B0 5 |
D EALSERE, SRR, T R A
&L TERRIC K DI T OE N R E Bk
L CP#%MN &< Z2\vindolent ATLDIRME 7 &
IR LT, RIS CHIRELD H VD . BIEH
WTWBEBIERIATLO T4 AR BIE LA
A U A7 ®indolent ATLZ ¥R L . 1GEXI5 %
(LT 2 =—ARENZ EDRB SIS,
Z X% Tindolent ATL PI (Katsuya H et al. Blood
2017)72 EOBNT-HE L H DD, SEOFHK A
DHAS-flowit % F W 723 E X+ U 7 O
BN —BLTGHIL TWITS & ZAICE
E#NRH D, LR OHTIZIBWTGS (X5) D
I T IL53 3812 35 1F Dindolent ATL(F H 12 <
50 A L EIEGEME S v U T N RITIRTE
LTHEY, BEAICHEE Y 7 BKD%035%
A2 CHERBE T 572D % v U 7 Lindolent ATL
ORI CRBbITE KT 2IEF G o, &
D &5 RERDOFIEILT TIZhithbh D5t
T S Tu % (Kobayashi S et al. Cnacer
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PURPOSE Adult T-cell leukemia-lymphoma (ATL) is a distinct mature T-cell malignancy caused by chronic
infection with human T-lymphotropic virus type 1 with diverse clinical features and prognosis. ATL remains a
challenging disease as a result of its diverse clinical features, multidrug resistance of malignant cells, frequent
large tumor burden, hypercalcemia, and/or frequent opportunistic infection. In 2009, we published a consensus
report to define prognostic factors, clinical subclassifications, treatment strategies, and response criteria. The
2009 consensus report has become the standard reference for clinical trials in ATL and a guide for clinical
management. Since the last consensus there has been progress in the understanding of the molecular
pathophysiology of ATL and risk-adapted treatment approaches.

METHODS Reflecting these advances, ATL researchers and clinicians joined together at the 18th International
Conference on Human Retrovirology—Human T-Lymphotropic Virus and Related Retroviruses—in Tokyo,
Japan, March, 2017, to review evidence for current clinical practice and to update the consensus with a new
focus on the subtype classification of cutaneous ATL, CNS lesions in aggressive ATL, management of elderly or
transplantation-ineligible patients, and treatment strategies that incorporate up-front allogeneic hematopoietic
stem-cell transplantation and novel agents.

RESULTS As a result of lower-quality clinical evidence, a best practice approach was adopted and consensus
statements agreed on by coauthors (> 90% agreement).

CONCLUSION This expert consensus highlights the need for additional clinical trials to develop novel standard
therapies for the treatment of ATL

J Clin Oncol 37. © 2019 by American Society of Clinical Oncology
Licensed under the Creative Commons Attribution 4.0 License @@
INTRODUCTION risk-adapted treatment approaches.® The ATL clinical
workshop held during the 18th International Confer-
ence on Human Retrovirology—HTLY and Related
Viruses—held in Tokyo, Japan, March, 2017 focused
on discussion and revision of the 2009 consensus
report. Consensus methodology and its limitations are

Adult T-cell leukemia-lymphoma (ATL) is an in-
tractable mature T-cell malignancy with diverse clin-
ical features, etiologically associated with a retrovirus
designated human T-cell leukemia virus type | or
human T-lymphotropic virus type 1 (HTLV-1), which is

endemic in several regions, including the southwest
region of Japan, Central and South America, central
Africa, the Middle East, Far East, central Australia, and
Romania.>? Because of population migration, spo-
radic cases are observed in North America, particularly
in New York, NY, and Miami, FL; and Europe, mostly in
France and the United Kingdom. Incidence of ATL is
rising in nonendemic regions of the world.® In 2009,
ATL researchers joined together and published an ATL
consensus report that has been a standard reference
for clinical trials of new agents for ATL and that focused
on definition, prognostic factors, clinical subtype
classification, treatment, and response criteria.*

Since publication, additional progress has been
made in the molecular pathophysiology of ATL and

detailed in the Data Supplement.

Some therapeutic agents used in the treatment of ATL
are not universally available and treatment strategies
will therefore differ among countries, which is reflected
in these recommendations (Table 1). For example,
mogamulizumab and certain components of the vin-
cristine, cyclophosphamide, doxorubicin, and predni-
sone (VCAP); doxorubicin, ranimustine, and prednisone
(AMP); and vindesine, etoposide, carboplatin, and
prednisone (VECP) chemotherapy regimen (modified
LSG15) are presently unavailable outside of Japan,
whereas zidovudine and interferon-alpha are not ap-
proved in Japan but can be used in other parts of the
world. There is also variability in the availability of
positron emission tomography/computed tomography

Journal of Clinical Oncology*
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TABLE 1. Recommended Strategy for the Treatment of ATL
Recommendation: Consider All Patients for Inclusion in Prospective Clinical Trials

Asymptomatic smoldering (without skin lesions, opportunistic infections, and so on)

Outside clinical trial

Consider active monitoring

Symptomatic smoldering (skin lesions, opportunistic infections, and so on) and favorable chronic®2°

Outside clinical trial

Consider active monitoring or, if available, AZT/IFN-a with or without ATO with or without topical therapies/phototherapy

Where AZT/IFN-a is unavailable and tumorous skin lesions are present, consider chemotherapy* with or without topical therapies/phototherapy followed by allo-
HSCT

Where AZT/IFN-a is unavailable and nontumorous skin lesions (patches, plaques, and so on) are present, consider skin-directed therapies and active monitoring

If progressive disease with tumorous skin lesions is present or patient experiences transformation into acute-lymphoma type during active monitoring or AZT/IFN,
consider a switch to treatment strategy for aggressive ATL

Unfavorable chronic?®2!

Outside clinical trial

Where available, consider AZT/IFN-a with or without ATO, continued indefinitely unless progressive disease

Where AZT/IFN-a is unavailable or if the patient experiences progressive disease on AZT/IFN-a, consider chemotherapy* followed by allo-HSCT
Acutelo—l4,l7—??

Qutside clinical trial

If there are nonbulky lymph nodes/tumors, consider either AZT/IFN-a or intensive chemotherapy* where AZT/IFN-a is availablet

Where AZT/IFN-a is unavailable, the patient experiences progressive disease on AZT/IFN-a, or there are bulky acute subtypes, consider intensive chemotherapy*

Consider early up-front allo-HSCT for all eligible patients

Lymphoma-type ATL!0-1417-22

Outside clinical trials

Consider intensive chemotherapy* for all patients

Where available, consider concurrent or sequential low-dose AZT/IFN-a maintenance

Consider early up-front allo-HSCT for all eligible patients

Elderly and/or non-transplantation-suitable patients with aggressive ATL!0-12:14.16.22.23

After first-line therapy (reduced dose of chemotherapy or AZT/IFN, if available), consider maintenance strategies (eg, with oral chemotherapy [etoposide,
sobuzoxane, and so on]) or, if available, consider AZT/IFN with or without ATO

Options for relapsed/refractory disease®+2®

Outside of clinical trials

Single agents or alternative combination chemotherapy regimens containing platinum, etoposide, and/or high-dose cytarabine should be considered.

In Japan, mogamulizumab and lenalidomide are both licensed for use in relapsed/refractory aggressive ATL

Mogamulizumab must be avoided within 50 days of allo-HSCT

Localized radiotherapy is effective for palliation in ATL

Recommended chemotherapy regimens in Japan*®
VCAP-AMP-VECP (modified LSG15), which was established in a phase Il study (JCOG9801)
EPOCH
Recommended chemotherapy regimens outside of Japan
CHOP, CHOEP, DA-EPOCH
Hyper-CVAD

A Miami version modified LSG15 omits ranimustine and uses vincristine instead of vindesine

Abbreviations: Allo-HSCT, allogeneic hematopoietic stem-cell transplantation; AMP, doxorubicin, ranimustine, and prednisolone; ATL, adult T-cell
leukemia-lymphoma; ATO, arsenic trioxide; AZT/IFN, zidovudine/interferon; CHOP, cyclophosphamide, vincristine, doxorubicin, and prednisolone; CHOEP,
cyclophosphamide, vincristine, doxorubicin, etoposide, and prednisolone; CVAD, cyclophosphamide, vincristine, doxorubicin, and dexamethasone,
alternating with high-dose methotrexate and cytarabine; DA-EPOCH, dose-adjusted etoposide, prednisolone, vincristine, cyclophosphamide, and
doxorubicin; VCAP, vincristine, cyclophosphamide, doxorubicin, and prednisolone; VECP, vindesine, etoposide, carboplatin, and prednisolone.

*Recommended chemotherapy options within Japan and outside Japan listed within Table 1.

tWhere feasible, identify molecular prognostic markers (eg, p53 mutation, IRF4 expression, and so on).

2 © 2019 by American Society of Clinical Oncology
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(PET/CT) and various molecular diagnostic tools, although
their usefulness remains mostly unproven. Whereas there is
general consensus among experts that the treatments listed
are appropriate (> 90% consensus), the level of evidence
should be regarded as low or very low unless specifically
listed—the equivalent of a GRADE evidence score of C or D,
or National Comprehensive Cancer Network (NCCN) 2B—
and the treatment recommendations (Table 1) reflect the
best practice consensus of expert opinion. The current
consensus report is not a guideline as in case of the 2009
consensus.* An aim of this report is to recommend good
practice where there is a limited evidence base but for which
a degree of consensus or uniformity is likely to benefit patient
care and may be used as a tool to assist policymakers.

LYMPHOMA TYPE OF ATL, EXTRANODAL PRIMARY
CUTANEOUS VARIANT

Cutaneous lesions of ATL are variable and may resemble
those of mycosis fungoides (MF), with mostly an indolent
course, but some are associated with a poor prognosis.
Therefore, ATL should be distinguished from cutaneous
T-cell lymphomas, including MF, and peripheral T-cell
lymphoma (PTCL), especially in endemic areas, by HTLV-1

serology and genomic analysis as necessary. In a large
Japanese retrospective study of ATL with cutaneous le-
sions, b-year survival rate was 0% in nodulotumoral and
erythrodermic types compared with more than 40% in
multipapular, plague, and patch types.® In the 2009 report,
primary cutaneous tumoral (PCT) ATL without leukemic,
lymph node, and other lesions was frequently included
within smoldering ATL and was considered a poor prog-
nostic factor by univariable analyses.*” PCT-ATL is distinct,
with cutaneous lesions appearing as tumors that grow
rapidly and whose histology shows large, atypical cells with
a high proliferative index’ (Fig 1). In this revision, we agreed
that watchful waiting is inappropriate in PCT-ATL as it
frequently has a progressive and fatal clinical course that
resembles aggressive ATL.*” Recently, Japanese hema-
tologists, dermatologists, and pathologists proposed the
entity lymphoma type of ATL, extranodal primary cutaneous
variant, which shows a poor prognosis and includes PCT-
ATL. Macroscopic findings are mostly nodulotumoral and
pathologic findings show high-grade T-cell lymphoma type
(pleomorphic, medium, or large size cells) with prominent
perivascular infiltration and scant epidermotropism.® Such
cases could be considered for immediate treatment per

FIG 1. Primary cutaneous tumoral type
(PCT) ATL. (A) Facial PCT with (B) his-
topathology that shows massive infiltration
of pleomorphic lymphocytes in the dermis
and subcutaneous tissue. (C) Nodulotumors
of the chest with (D) histopathology that
shows massive infiltration of atypical
lymphocytes in the dermis and with
epidermotropism.
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aggressive ATL protocols with intensive chemotherapy with
or without skin-directed therapies, including phototherapy
or radiation followed by allogeneic hematopoietic stem-cell
transplantation (allo-HSCT; see Allo-HSCT for Agressive
ATL section) or interferon with zidovudine (IFN/AZT) with or
without arsenic trioxide with or without skin-directed
therapies. It should be noted, however, that precisely
defining cutaneous tumoral type is difficult—size, height,
number, with or without ulceration or subcutaneous ex-
tension, and so on—although the nodulotumoral type was
defined as nodules or tumors with diameters > 1 cm and
the multipapular type as multiple papules with a di-
ameter < 1 cm.® Furthermore, other types of cutaneous
lesions can be aggressive.® Papules, nodules, and tumors
are considered as solid, palpable, and raised lesions with
a diameter of < 1 cm, < 3 cm, and = 3, respectively.
Papules usually occur as multiple lesions, whereas tumor
(s) may be seen even as a solitary lesion. Recently, a
prognostic index (PI) for chronic- and smoldering-type
ATL identified soluble interleukin-2 receptor (sIL-2R)
levels as an independent prognostic factor. sIL-2R may
therefore be useful but requires additional prospective
validation.® Additional clinicopathologic and molecular
studies are warranted in cutaneous ATL, including the
application of recent new agents for MF and PTCL.2

Consensus Statements

1. HTLV-1 serology should be undertaken in cases of
cutaneous T-cell lymphoma and PTCL, particularly in
HTLV-1 endemic regions.

2. Active monitoring is not appropriate for PCT-ATL, and
intensive treatment should be considered.

CNS LESIONS OF AGGRESSIVE ATL

Ten percent to twenty percent of patients with aggressive
ATL will experience CNS progression.?® Thus, even in
patients without a CNS lesion, it is important to incorporate
CNS prophylaxis. Intrathecal prophylaxis was incorporated
into sequential Japan Clinical Oncology Group (JCOG)
studies for aggressive ATL (chemotherapy trials JCOG9303
and JCOG9801) following both the poor results of earlier
study JCOG9109, which did not contain intrathecal
prophylaxis,°3 and a previous retrospective analysis that
revealed that more than one half of relapses that occurred
at a new site after chemotherapy occurred in the CNS.*°
CNS involvement occurred in 1.6% of patients in JCOG9109
without intrathecal prophylaxis, in 6.3% of patients in
JCOG9303 with intrathecal methotrexate (MTX)/prednisone,
and in 3.5% of patients in the VCAP-AMP-VECP arm and
8.2% in the CHOP-14 arm (cyclophosphamide, doxoru-
bicin, vincristine, prednisolone) of JCOG9801, both with
intrathecal ara-C/MTX/prednisone(JCOG Prognostic Index
and Characterization of Long-Term Survivors of Aggressive
Adult T-Cell Leukaemia-Lymphoma [JCOGO902A]).1>-13
The reason for the higher incidence in the JCOG9303

4 © 2019 by American Society of Clinical Oncology

7287

trial compared with the JCOG9109 trial might be associated
with simultaneous CSF examination in all patients even
without symptoms associated with CNS disease after one
cycle of chemotherapy.'®!! In asymptomatic patients with
aggressive ATL, diagnostic lumbar puncture/intrathecal
chemotherapy should be performed at the end of the
first chemotherapy or equivalent antiviral therapy (AZT/IFN)
cycle upon successful disease control.

Options for treating active CNS disease at initial presentation
include incorporating high-dose (HD) MTX into combination
chemotherapy regimens (eg, CHOP-M or HD-MTX/HD
cytarabine) for intracerebral tumors or adding intrathecal
chemotherapy to the standard induction chemotherapy, as
reported for other aggressive lymphomas.3*? However, the
scantiness of reports for these options for ATL precludes a
more specific recommendation.

Retrospective analysis revealed that allo-HSCT with local
treatment of ATL with CNS involvement achieved long
progression-free survival (PFS) in four of 10 patients (> 2.5
years) despite high transplantation-related mortality (TRM).”*
Numbers of such cases are small and the indication of allo-
HSCT for ATL with CNS involvement remains controversial. No
specific transplantation conditioning regimen can be rec-
ommended, but those that incorporate drugs that can cross
the blood-brain barrier (eg, thiotepa) should be considered.

Consensus Statement

1. Prophylactic CNS therapy should be considered for all
patients with aggressive ATL.

ALLO-HSCT FOR AGGRESSIVE ATL

The prognosis of aggressive ATL remains dismal with
nontransplantation treatments.!6-16:21-26,29,34-38 N
transplantation treatment regimens alone are suboptimal
for the majority of patients, although a proportion of patients
with aggressive ATL who achieve complete remission after
intensive chemotherapy or AZT/IFN therapy may achieve a
long (> 5 years) PFS.!131% After several promising case
series were published,’*° several large retrospective an-
alyses of allo-HSCT in Japan reported favorable outcomes,
with long-term survival achieved in approximately one
third of allo-HSCT recipients after chemotherapy,?®*° but
with significant TRM. The European Society for Blood and
Bone Marrow Transplantation registry also demonstrated
similar outcomes.*® Thus, treatment strategies that in-
clude allo-HSCT as consolidation are recommended in
transplantation-eligible patients with aggressive ATL, al-
though there have yet to be any prospective randomized
trials to support this approach. Three Pls for aggressive ATL
after chemotherapy have been reported as useful with
validation cohorts: JCOG-PI, on the basis of corrected
calcium and performance status (PS)'3; ATL-PI, on the
basis of age, serum albumin, sIL-2R,** Ann Arbor stage,
and PS; and modified ATL-PI, on the basis of corrected
calcium, clinical subtype, PS, C-reactive protein, and
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sIL-2R level.* However, long-term overall survival (OS) in
the low-risk group was still poor and a group for whom up-
front allo-HSCT might not be recommended could not be
clearly identified. A proportion of patients with ATL with
localized lymphoma had a long PFS after chemotherapy
as well as chronic and a subgroup of acute cases treated
with IFN/AZT 131441 Several reports demonstrated a graft-
versus-ATL effect which contributed to long-term relapse-
free survival.!#243 ATL with abnormalities in tumor suppressor
genes, such as pb3, was reportedly resistant to IFN/AZT
therapy and chemotherapy.*+4°

As responses to intensive chemotherapy in general are not
durable and long-term continuation of intensive chemo-
therapy is not feasible because of complications and cu-
mulative toxicities, early allo-HSCT is recommended after
response to first-line therapy.*® Thus, early referral to a
transplantation center at diagnosis is strongly recom-
mended, particularly in patients with high-risk features as
described.!*>*! With progressive disease, clinical out-
come after allo-HSCT is poor*”*® and it is crucial to conduct
an up-front allo-HSCT while ATL is controlled to maximize
the cure rate. It is recommended that allo-HSCT for pro-
gressive disease be performed within the setting of a
prospective clinical trial to investigate novel HSCT condi-
tioning regimens or post-HSCT treatment strategies to
improve current limited treatment results. When consid-
ering allo-HSCT, the standard approach involves searching
for an HLA-matched related donor (MRD) or an HLA-
matched unrelated donor (MUD) at diagnosis. However,
only a proportion of patients will have an MRD. HTLV-1
seronegative donors are also preferred to avoid the risk of
donor-derived ATL.“® When only HTLV-1 seropositive re-
lated donors are available, it is recommended to exclude
the presence of abnormally abundant HTLV-1-infected
clones using Southern blotting or polymerase chain re-
action on the basis of clonality methods.®*®! Furthermore,
outside of Japan, HTLV-1 infection often arises in minority
immigrant populations, which makes it difficult to obtain a
suitable MUD from registry panels.®>%3 In these cases,
other possible approaches include cord blood trans-
plantation (CBT) or haploidentical HSCT (haplo-HSCT).
Early experience with haplo-HSCT or CBT was un-
satisfactory; however, protocols for both CBT and haplo-
HSCT have been modified in recent years, although the
efficacy of these protocols in ATL is not known. Preliminary
anecdotal experience suggests that the TRM remains high,
although several reports have suggested that CBT provides
results that are similar to other transplantation procedures
for selected patients with ATL.54%% Although experimental
in the ATL setting, the addition of post-transplantation
cyclophosphamide to haplo-HSCT protocols has im-
proved transplantation outcomes for other hematologic
malignancies. HSCT from alternative donor sources earlier
in the disease course with good disease control may in-
crease the potential to achieve outcomes that are similar to

Journal of Clinical Oncology

MUD transplantation outcomes. Without additional evi-
dence from the results of ongoing trials (Data Supplement),
it remains difficult to prioritize one donor source over an-
other when an MRD or MUD is unavailable.

Both myeloablative and reduced-intensity conditioning
(RIC) have been used in patients with ATL; however, as the
median age in Japan is > 60 years, RIC regimens are
increasingly used and sequential prospective trials have
revealed the relative safety and promising efficacy of allo-
HSCT with RIC.5%° Intensity of conditioning should be
determined by attendant comorbidities and patient fitness
at transplantation.

Although allo-HSCT has the potential to cure ATL, relapse/
progression of ATL after allo-HSCT remains a major ob-
stacle and conveys a poor prognosis. In patients with focal
relapse (eg, solitary lymph node or skin) radiotherapy alone
with or without the reduction of immune suppression or
donor lymphocyte infusions can achieve durable disease
control.?° The roles of AZT/IFN in this setting or in pro-
phylaxis to prevent relapse are yet to be determined.

In Japan, where mogamulizumab and lenalidomide are
available for the treatment of relapsed/progressed ATL,
reports after allo-HSCT remain limited. In patients with
aggressive ATL who received mogamulizumab before allo-
HSCT, there seems to be a significantly increased risk of
severe and steroid-refractory graft-versus-host disease
(GVHD).“8%! In general, if up-front allo-HSCT is planned
after induction chemotherapy, intensive chemotherapy
without mogamulizumab should be considered as a result
of the described risk of GVHD. For relapsed/refractory
patients treated with mogamulizumab, the interval be-
tween the last salvage mogamulizumab and allo-HSCT
should be long (at least 50 days) to decrease drug levels
in vivo®®l and additional intensification of GVHD pro-
phylaxis should be considered. Data on allo-HSCT after up-
front IFN/AZT are limited, but allo-HSCT is generally fea-
sible and recommended for patients with acute ATL.

Pre-emptive treatment after the detection of minimal re-
sidual disease post-transplantation should be considered,
although methods of monitoring for minimal residual dis-
ease of ATL have not been well established after allo-HSCT.
In patients in whom HTLV-1 proviral load (PVL) and/or slL-
2R levels begin to increase (no clear threshold exists to
detect patients who are at high risk of relapse) chimerism
analysis should be considered as well as early taper of
immunosuppression and donor lymphocyte infusions.

Kinetic changes in PVL post-allo-HSCT are variable, but
three patterns have been observed in patients with full
donor chimerism. The first pattern, observed in recipients
of allo-HSCT from infected or uninfected donors, was that
changes became undetectable after allo-HSCT and remain
so. The second pattern, from uninfected donors, was that
PVL became undetectable but returned to detectable levels
thereafter, usually 6 to 12 months post-allo-HSCT. The third
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pattern was in those who had detectable PVL throughout.>®
Strategies have been undertaken in the United Kingdom and
France to minimize neoinfection of donor stem cells after
allo-HSCT, including the addition of integrase inhibitors,
such as raltegravir at engraftment, or close PVL monitoring
and the early addition of zidovudine, although there is no
published evidence to support this approach.

Consensus Statements

1. Up-front allo-HSCT should be considered for all
suitable patients with aggressive ATL.

2. Early referral to a transplantation center is recommended.

3. HTLV-1 seronegative donors are preferred to reduce
the risk of donor-derived ATL.

4. Mogamulizumab should not be used within 50 days of
allo-HSCT.

ELDERLY AND NON-TRANSPLANTATION-SUITABLE
PATIENTS WITH AGGRESSIVE ATL

A retrospective study of elderly patients with aggressive ATL
(age > 70 years) observed that elderly patients who were
treated with the VCAP-AMP-VECP regimen as initial
treatment demonstrated OS that was similar to that in the
trial reports of patients age 56 to 70 years.?® The regimen
was modified with dose reductions that were typically
between 50% and 80% in 31 (91%) of 34 patients , and
overall response rate [complete response (CR) or partial
response (PR)] was 75% after two or three cycles of VCAP-
AMP-VECP treatment; however, the completion rate of
planned chemotherapy was only 19%. Eleven (32%) of 34
patients who achieved objective responses to initial treat-
ment were switched to an oral maintenance chemotherapy
regimen that contained oral etoposide or sobuzoxane and/
or prednisolone therapy. With the exception of platelet
count, there were no significant differences in the back-
ground between patients who were treated with the
maintenance treatment and those not. Median survival time
and 2-year OS rate of those who received maintenance oral
chemotherapy were 16.7 months and 33%, respectively,
which suggests that such a treatment strategy is a viable
option for elderly and/or non-transplantation-suitable pa-
tients, warranting prospective trials.?®

Alternatively, dose-reduced CHOP-14-like regimens could
be considered in elderly and/or non-transplantation-
suitable patients, as the subgroup analysis of the JCOG9801
trial demonstrated that the OS rate was similar between
VCAP-AMP-VECP and CHOP-14 regimens in patients age 56
to 70 years in contrast to the superiority of the VCAP-AMP-
VECP regimen in patients younger than 56 years of age with
a 45% OS rate at 1 year.'

Combination mogamulizumab and chemotherapy (eg,
dose-reduced VCAP-AMP-VECP regimen or CHOP like)
could be considered as initial therapy for such patients,
although the combination was only evaluated in relatively
nonelderly patients.?* Despite the lack of published reports

6 © 2019 by American Society of Clinical Oncology
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on AZT/IFN outcomes for elderly patients, as with younger
patients, this combination should be considered as a first-
line option followed by maintenance where available.!#?2

Given the lack of a preferred or compelling treatment
strategy for elderly patients with aggressive ATL, alternative
options, such as the selection of less intensive regimens
that can be used in a continuous fashion, maintenance
strategies using oral agents (single-agent etoposide or
cyclophosphamide, etoposide, prednisolone [CEPI), or
AZT/IFN, may be appropriate. There may be future roles for
monoclonal antibodies (eg, anti-CCR4, anti-CD30, or small
molecules, such as lenalidomide) as a maintenance
strategy, but these require additional evaluation before
recommendations can be made.

Consensus Statement

1. Less intensive induction therapy with or without
maintenance therapy with either oral chemotherapy or
AZT/IFN may be appropriate for elderly and/or non-
transplantation-suitable patients with aggressive ATL.

STRATEGY OF TARGETING THERAPY: PRECLINICAL DATA

Several antiretrovirals used for HIV have demonstrated
proven efficacy against HTLV-1 in tissue culture, including
the reverse transcription inhibitors zidovudine and teno-
fovir, as well as the integrase inhibitor raltegravir.6263
However, whether these agents work in vivo via an anti-
viral effect has remained controversial. Several studies have
shown little, if any, viral structural, enzymatic, or regulatory
gene expression in ATL, with the exception of the antisense
gene HBZ>%4% and it remains controversial whether the
continued expression of non-HBZviral genes is required for
tumor maintenance. However, recent data demonstrate
that the extinction of Tax expression leads to total growth
inhibition of ATL-derived cells even if Tax protein is un-
detectable at baseline.®®®” A possible explanation for these
contradictory results is the recent demonstration on the
basis of single-cell analysis of transient bursts of Tax
oncoprotein, and presumably other viral proteins, which
has led to the suggestion that transient Tax expression is
essential for ATL survival.6%” Thus, immunotherapy against
Tax might be theoretically promising. A recent phase | study
that used vaccination with Tax peptide-pulsed dendritic cells
in three patients with aggressive ATL in PR or stable disease
after chemotherapy demonstrated an induction of immune
response against Tax with promisingly long-term re-
mission.®® This warrants larger studies to demonstrate
clinical effectiveness.

Although the combination of AZT/IFN has shown activity, it
is uncertain whether these drugs function via antiviral
activity in cells in the tumor or microenvironment or through
mechanisms other than antiviral activity.®® Of note, doses of
AZT used for the treatment of ATL—600 to 900 mg/d and
up to 3,000 mg/d in certain reports—are generally higher
than those used for HIV treatment (600 mg/d) although the
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inhibitory concentrations of AZT for HTLV and HIV repli-
cation are similar.”®? It is also unclear whether reactivation
of HTLV-1 expression in malignant or nonmalignant cells
after induction therapy leads to chemotherapy resistance’;
however, it is notable that a recent chemotherapy trial that
included raltegravir demonstrated results that were similar
to a trial that lacked antiviral agents during the same in-
duction therapy.®” Conversely, a recent report demon-
strated that the combination AZT/IFN induced a significant
inhibition of HTLV-I reverse transcription activity in responding
ATL patients but not in resistant patients.”* These results are in
line with a direct antiviral effect, likely in the HTLV-1-infected
nonmalignant cells, which may play a major role in the survival
of ATL cells.

New insights into the molecular biology of ATL have pro-
vided ideas for future clinical trials. Although there was no
detectable viral Tax expression in ATL samples, many of the
cellular proteins affected by Tax (Tax interactome) were
found to be mutated in ATL.® These include genes that are
involved in T-cell receptor pathway activation, including
phospholipase v, protein kinase CB, caspase recruitment
domain-containing protein 11, and interferon regulatory
factor 4, affecting the nuclear factor kB (NF-kB) pathway,
which is activated in ATL and contributes to cell pro-
liferation and resistance to apoptosis. Inhibitors of these
pathway mediators, including protein kinase C or NF-kB
inhibitors, could be useful in ATL therapy; however, a trial
that included bortezomib, as an NF-kB inhibitor with in-
duction chemotherapy, did not provide significant bene-
fit.3” IRF4 expression could have oncogenic potential in
ATL and may be associated with interferon resistance,”®
which warrants therapeutic targeting of its function. Of note,
lenalidomide, an active agent in ATL, may function via the
inactivation of IRF4 by enhancing the degradation of the
IRF4 gene activators lkaros and Aiolos.”®

Genomic studies of ATL have revealed high rates of genetic
damage compared with other hematopoietic malignan-
cies.® In addition, genes that are involved in antigen pre-
sentation and immune surveillance are often mutated,®
including aberrant programmed death ligand-1 expres-
sion.”” These findings suggest that immune checkpoint
therapy could play a role in ATL treatment. Currently, a trial
of a programmed death-1 inhibitor, nivolumab, is underway
in Japan (Data Supplement), although a study in the United
States was recently halted as a result of concerns over
accelerated disease progression.®®

NEW AGENTS FOR ATL

Recently, two new agents, mogamulizumab, an anti-CCR4
monoclonal antibody, and lenalidomide, an immuno-
modulatory drug, have been approved for the treatment of
ATL in Japan after pivotal trials for relapsed aggressive
ATL?7?8 Mogamulizumab has been also approved for the
treatment of newly diagnosed aggressive ATL in combi-
nation with intensive chemotherapy.?

Journal of Clinical Oncology
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CCR4 is expressed in neoplastic cells in approximately 90%
of ATL cases and mutated in 26%. This expression has
been associated with cutaneous manifestations and poor
prognosis.”® In phase | and Il studies conducted in Japan, a
response rate of approximately 50% was observed with
manageable toxicities, including moderate-to-severe skin
reactions and other immunopathology, even in non-
transplantation patients, possibly by depleting nontumor
regulatory T cells.?*?® CR rates varied among target
lesions—rates were high in peripheral blood, intermediate
in skin, and low in lymph nodes. Median PFS and OS were
5.2 months and 13.7 months, respectively. The findings of
a subsequent randomized phase Il study of intensive
chemotherapy (modified LSG15) with or without moga-
mulizumab for the treatment of untreated aggressive ATL
has recently been reported.?! The combination was well
tolerated and produced a higher CR rate compared with
chemotherapy alone (52% [95% Cl, 33% to 71%] v 33%
[95% CI, 16% to 55%]). However, PFS and OS were
identical in both arms, although the sample size and du-
ration of follow-up were relatively short and median OS was
not reached in either arm. Recently, a phase Il trial in
Europe, the United States, and South America of single-
agent mogamulizumab (1 mg/kg per week for 4 weeks,
followed by 1 mg/kg every 2 weeks until progressive dis-
ease) versus investigator’s choice of salvage chemotherapy
for relapsed aggressive ATL revealed a 15% confirmed
overall response rate in the mogamulizumab arm versus
0% for investigator's choice.?®

A phase | study of lenalidomide demonstrated preliminary
antitumor activity in patients with relapsed ATL or PTCL ata
higher dose than that used for the treatment of multiple
myeloma.?® A subsequent phase Il study evaluated the
efficacy and safety of lenalidomide monotherapy at an oral
dose of 25 mg/d continuously until progressive disease or
unacceptable toxicity in patients with relapsed or recurrent
aggressive ATL.”® Objective responses were noted in 11 of
26 patients [objective response rate, 42% (95% Cl, 23% to
63%)], including four patients with CR and one with un-
confirmed CR. Rate of disease control, including overall
response and stable disease, was 73%. Median time to
response and duration of response were 1.9 months and
not estimable, respectively. Median PFS and OS were
3.8 months and 20.3 months, respectively. The most
frequent grade 3 or greater adverse events were neu-
tropenia (65%), leukopenia (38%), lymphopenia (38%),
and thrombocytopenia (23%), which were all manageable
and reversible.?® In conclusion, lenalidomide demonstrated
clinically meaningful antitumor activity and an acceptable
toxicity profile in patients with relapsed or recurrent ag-
gressive ATL. Lenalidomide also demonstrated activity with
CNS involvement by diffuse large B-cell ymphoma,” which
could have implications for its use in ATL despite the lack of
data in the previous trial as CNS involvement was an ex-
clusion criterion.
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Other US Food and Drug Administration (FDA)-approved
drugs are now available for the treatment of relapsed/
refractory PTCL and have been used for ATL in the
United States, including the antifolate agent pralatrexate
and the histone deacetylase inhibitors belinostat and
romidepsin (listed alphabetically). Mogamulizumab has
recently received FDA approval in MF or Sézary syndrome
after at least one prior therapy (August 2018). Although not
FDA approved, current NCCN guidelines support the use of
brentuximab vedotin in CD30* cases (NCCN grade 2A).
Pralatrexate was included as an investigator choice drug in
the recently completed randomized phase Il trial of single-
agent mogamulizumab versus salvage chemotherapy for
the treatment of relapsed aggressive ATL, but no confirmed
responses were reported.?® Histone deacetylase inhibitors
are known to activate HTLV-1 expression; therefore, these
drugs might be used with caution in ATL, with consideration
given to the addition of an antiretroviral agent (ie, AZT) and
under clinical trials desirably.®° Epstein-Barr virus reac-
tivation in patients with extranodal natural killer/T-cell
lymphoma was reported as a previously unrecognized
serious adverse event in a pilot study with romidepsin.

Consensus Statement

1. All patients should be considered for entry into clinical
trials where available.

PERSPECTIVES

Whereas the backbone of ATL treatment has remained
largely unchanged since the 2009 consensus report, there
have been several advances in the clinical management of
these patients, particularly for patients treated in Japan.
These include the increased role of allo-HSCT after first-line
treatment and the use of mogamulizumab and lenalido-
mide as novel single agents, both licensed in Japan. The
precise roles of these agents and others, such as bren-
tuximab vedotin for CD30* ATL, remains incompletely
understood. Clinical trials are required to understand
the roles of these agents in the front-line setting, in-
cluding indolent subtypes, in maintenance therapy for
transplantation-ineligible patients, in maintenance therapy
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after allo-HSCT, and in the prevention or treatment of CNS
disease. As ATL is characterized by early relapses, clinical
trials of therapies that might eradicate minimal residual
disease are warranted. Preliminary data from France have
shown that combining arsenic trioxide with low-dose in-
terferon is feasible and an effective consolidation therapy that
is capable of selectively eliminating the malignant clone and
restoring oligoclonal architecture. This has raised hopes that
the extinction of viral replication (AZT) and Tax degradation
(arsenic/IFN) may eradicate the disease.!>16828% Addition of
arsenic trioxide to IFN/AZT was promising in a phase Il study
for the treatment of chronic ATL.®

Since 2009, there has been more widespread use of PET/
CT in the diagnosis and follow-up of patients with non-
Hodgkin lymphoma. ATL is frequently associated with
extranodal disease, and it might be recommended that
PET/CT be used at diagnosis, where available, and that
PET/CT assessment should be incorporated in future
studies. The significance of negative interim PET/CT should
be evaluated as it is not yet clear how this might affect
treatment strategy.

Reported prognostic factors at diagnosis (eg, IRF4 expres-
sion, TP53 mutation/deletion, and other genetic markers)
require validation in the context of treatment with AZT/IFN,
chemotherapy, or active monitoring to assist in tailored
treatment decisions. New methodologies to detect clonal
HTLV minimal residual disease have been established using
next-generation high-throughput sequencing methods, and
the challenge now remains to validate these observations
within clinical trials and bring them into the clinical domain in
a rapid, cost-effective manner.

ATL continues to have a dismal prognosis with current
therapies, and clinical trials that incorporate molecular and
prognostic factors will remain paramount to advances in
ATL treatment. We have proposed a strategy for ATL
treatment stratified by subtype classification, including an
updated opinion on the management of patients with tu-
morous skin lesions. Future clinical trials should remain a
priority to ensure that the consensus is continually updated
to establish evidence-based practice guidelines.
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ABSTRACT

Quantitative PCR (qPCR) of human T-cell leukemia virus type 1 (HTLV-1) provirus is used for
HTLV-1 testing and for assessment of risk of HTLV-1-related diseases. In this study, a reference
material was developed for standardizing HTLV-1 qPCR. Freeze-dried TL-Om1 cells diluted with
Jurkat cells were prepared and an assigned value for proviral load (PVL) of 2.71 copies/100 cells was
determined by digital PCR. Nine Japanese laboratories using their own methods evaluated the PVLs
of this reference material as 1.08-3.49 copies/100 cells. The maximum difference between laboratories
was 3.2-fold. Correcting measured PVLs by using a formula incorporating the assigned value of this
reference material should minimize such discrepancies.

Key words human T-cell leukemia virus type 1, proviral load, quantitative PCR, standard.

Human T-cell leukemia virus type 1 was the first human
retrovirus to be discovered (1, 2). It has a worldwide
distribution with some endemic areas, including
Japan (3, 4). HTLV-1 is transmitted through
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Fig. 1. Digital PCR analysis of reference for HTLV-1 gPCR. (a) Plasmid DNA containing HTLV-1 target sequence (pX2: middle lane) or internal
control gene (RNaseP: right lane) were electrophoresed and the bands quantitated using Bioanalyzer. (b) Ratios of HTLV-1 (pX2) to RNaseP in TL-
Om1 genomic DNA and 1% w/w plasmid mixture (pX2:RNaseP = 1:100) were analyzed using two types of digital PCR machines, (i) QX100 and
(i) QuantStudio 3D (n=38). (c) PVLs of the reference were measured by droplet digital PCR. Genomic DNA extracted from five different tubes
was subjected to droplet digital PCR (n=9). PVLs (copies/100 cells) were calculated as follows: (pX2 copy number x 2)/(RNaseP copy
number) x 100. The dotted line (PVL at 2.71 copies/100 cells) is the geometric mean of the five samples.

HTLV-1 uveitis/HTLV-1-associated uveitis after long
incubation periods (5). qPCR, which detects the
integrated provirus in the peripheral blood of carriers,
is a conventional method for measuring the HTLV-1
PVL. Importantly, a high PVL is reportedly one of the
risk factors for development of ATL and HTLV-1-
associated myelopathy. Accurate PVL quantitation is
therefore essential; however, current results differ by
around five-fold between laboratories (6).

International standards for nucleic acid amplification
tests for blood-borne pathogens such as hepatitis Band C
viruses and HIV have been developed by the World
Health Organization and made available worldwide by
the National Institute for Biological Standards and
Control (7-9). However, international standards for
nucleic acid amplification tests for HTLV-1 have not yet
been developed. Because Japan is one of the endemic
areas of HTLV-1, reference material, even of a prototypic
format, is urgently needed to enable accurate perfor-
mance of HTLV-1 qPCR.

We have previously reported that TL-Om1, an HTLV-
1 infected cell line derived from ATL, is suitable for
creating a reference material for HTLV-1 qPCR and that
it would be possible to standardize HTLV-1 qPCR using
TL-Oml (10). In this study, we prepared a freeze-dried
cell reference material composed of TL-Oml cells
diluted with Jurkat cells to serve as a temporary
reference for HTLV-1 qPCR and evaluated its quality
with the collaboration of Japanese laboratories.

Because we had previously found that Jurkat cells are
much more viable than frozen peripheral blood
mononuclear cells, we selected Jurkat cells for
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preparation of the reference material (11). TL-Oml
cells were diluted with Jurkat cells at a concentration of
approximately 1% and aliquots freeze-dried (see Sup-
porting Materials and Methods). A value was assigned to
the PVL of the reference material as determined by
digital PCR. First, to confirm the accuracy of the digital
PCR result, we measured a test sample made by mixing
two plasmids, the first containinga HTLV-1 qPCR target
sequence (pX region of HTLV-1 [pX2]) and the other an
internal control gene target sequence (RNase P, [RP]).
As shown in Figure la, the size and amount of the
plasmids were confirmed to be the same. The plasmids
were mixed at a concentration of 1.0% w/w (pX2/RP)
(Fig. 1a). The concentration of the test sample was then
measured by droplet digital PCR (QX-100) and chip-
based digital PCR (QuantStudio 3D) as 0.98% and 0.99%,
respectively (Fig. 1b and Table 1), confirming that
the digital PCR results were extremely close to the
absolute value. Under these conditions, the PVL of the
reference material was determined to be 2.71 copies/100
cells (95% CI, 2.49-3.41) (Fig. 1c).

Table 1. Ratio of pX2 (HTLV-1) to RNaseP (internal control gene) (%)
as analyzed by digital PCR

QX100 QuantStudio 3D
Geometric Geometric
mean 95% Cl mean 95% ClI
TL-Om1 51.3 50.1-52.6 51.0 49.9-52.0
1:100 plasmid 0.98 0.94-1.03 0.97 0.93-1.02

© 2018 The Societies and John Wiley & Sons Australia, Ltd
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Fig. 2. Proviral loads of the reference measured collaboratively.
gPCR was performed independently three times on different days.

Horizontal axis: the letters A to | denote the laboratories that
participated in this study. Bars, geometric means.

Next, the PVL of the reference material was measured
by nine Japanese laboratories using their in-house
methods. The results ranged from 1.08 to 3.49 copies/
100 cells (Fig. 2 and Table 2), the maximum difference
being 3.23-fold between laboratories and the geometric
mean of the PVLs being 2.23 copies/100 cells. The ratio
to assigned value ranged from 0.40 to 1.29, revealing a
wide discrepancy among laboratories, as had been
observed previously (11). However, correcting these
PVLs by using a formula incorporating the assigned
value of the reference material should minimize these
discrepancies. To confirm this, PVLs of clinical samples
were measured by different laboratories. The geometric
coefficient of variation (%) between laboratories was less
in most clinical samples after making this correction
(Fig. 3 and Table 3). These results indicate that
inter-laboratory variations can be minimized by correc-
tion with the formula incorporating the assigned value of
the reference material. Finally, all participants agreed to

Table 2. PVL as measured by gPCR at nine Japanese laboratories

Geometric  95% Cl of geometric  Ratio to assigned
Laboratory mean mean value
A 2.19 1.68-2.86 0.81
B 2.74 2.23-3.37 1.01
C 3.44 3.01-3.94 1.27
D 3.49 2.17-5.62 1.29
E 2.10 1.78-2.47 0.77
F 1.08 0.77-1.51 0.40
G 1.76 1.08-2.87 0.65
H 1.89 1.65-2.16 0.70
I 2.51 2.36-2.66 0.93

the formula and the assigned value (2.71 copies/100
cells) of the HTLV-1 qPCR reference material.

Unlike standards for hepatitis B and C viruses and
HIV, the target for HTLV-1 qPCR is not viral particles
within plasma, but provirus integrated into the genomes
of host cells. Cell-based material rather than serum or
plasma is therefore more suitable for use as a HTLV-1
qPCR reference. We used the Jurkat cell line for diluting
TL-Oml cells because, as we have reported previously,
the karyotypes of internal control genes are close to 2N,
which is useful for preventing discrepancies that may be
generated by the use of different internal control genes in
different laboratories (10).

In this study, we succeeded in preparing a reference
material for HTLV-1 qPCR. Although we made
relatively small amounts of this reference material using
laboratory equipment, we believe we will be able to
provide a continuous supply by renewing the lot
periodically. We also plan to evaluate the long-term
stability of the lyophilized reference material by regularly
measuring its PVL using digital PCR. Inter-laboratory
differences in qPCR should be dramatically decreased by
correcting results by using the assigned value of the
reference. The reference material could also be used to

Sample 01 02 03 04 05 06 07 08
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Fig. 3. Proviral loads of clinical samples before and after correction with the assigned value of the reference. Clinical samples with
various PVLs were measured by nine laboratories. Dots show PVLs of measured values (left) and corrected values (right). Corrections were made
by dividing by the ratio between the measured and assigned values of the reference.
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Table 3. Geometric coefficient of variations of clinical samples among laboratories

Sample ID 01 02 03 04 05 06 07 08
Measured values
PVL (geometric mean) 6.7 4.0 1.0 0.67 0.29 0.086 0.043 0.015
GCV (%) 35% 36% 32% 46% 54% 67% 68% 71%
Corrected values
PVL (geometric mean) 7.7 4.6 1.2 0.77 0.33 0.097 0.050 0.017
GCV (%) 29% 24% 26% 32% 35% 93% 49% 71%

GCV, geometric coefficient of variations; PVL: copies/100 cells.

minimize discrepancies arising from the use of different
methods, such as qPCR and digital PCR. Additionally, it
will be useful for preparation of further nucleic acid
amplification test standards for HTLV-1.
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Human T-cell leukemia virus type 1 (HTLV-1), the first reported human oncogenic
retrovirus, is the etiologic agent of highly aggressive, currently incurable diseases such
as adult T-cell leukemia—lymphoma (ATL) and HTLV-1-associated myelopathy/tropical
spastic paraparesis (HAM/TSP). HTLV-1 proteins, including Tax and HBZ, have been
shown to have critical roles in HTLV-1 pathogenicity, yet the underlying mechanisms
of HTLV-1-driven leukemogenesis are unclear. The frequent disruption of genetic and
epigenetic gene regulation in various types of malignancy, including ATL, is evident.
In this review, we illustrate a focused range of topics about the establishment of
HTLV-1 memory: (1) genetic lesion in the Tax interactome pathway, (2) gene regulatory
loop/switch, (3) disordered chromatin regulation, (4) epigenetic lock by the modulation
of epigenetic factors, (5) the loss of gene fine-tuner microRNA, and (6) the alteration of
chromatin regulation by HTLV-1 integration. We discuss the persistent influence of Tax-
dependent epigenetic changes even after the disappearance of HTLV-1 gene expression
due to the viral escape from the immune system, which is a remaining challenge
in HTLV-1 research. The summarized evidence and conceptualized description may
provide a better understanding of HTLV-1-mediated cellular transformation and the
potential therapeutic strategies to combat HTLV-1-associated diseases.

Keywords: HTLV-1, ATLL, epigenetics, EZH2, gene expression, gene mutations

INTRODUCTION

Human T-cell leukemia virus type 1 (HTLV-1) infection (Poiesz et al., 1980; Hinuma et al., 1981;
Yoshida et al., 1982) is associated with the development of adult T-cell leukemia-lymphoma
(ATL) and HTLV-1-associated myelopathy/tropical spastic paraparesis (HAM/TSP), although
most virus carriers remain asymptomatic throughout their lifespan. ATL is a highly aggressive
T-cell malignancy refractory to the currently available combination chemotherapies (Uchiyama
et al,, 1977; Tsukasaki et al., 2007; Katsuya et al., 2012). HAM/TSP, a debilitating neuro-
inflammatory disease, expresses chronic spinal cord inflammation and progressive myelopathic
symptoms (Gessain et al., 1985; Osame et al., 1986).
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Accumulating evidence has shown that HTLV-1 exhibits
complicated involvement in the pathogenesis (Matsuoka and
Jeang, 2007; Yamagishi and Watanabe, 2012). In particular,
HTLV-1 Tax significantly affects host gene expression and
interacts with multiple partner proteins (Boxus et al., 2008;
Chevalier et al.,, 2012; Simonis et al., 2012). Moreover, Tax-
transgenic mice develop malignant lymphoma, suggesting that
Tax is an oncoprotein (Hasegawa et al., 2006; Ohsugi et al,
2007). The evolution of viral genes with virus expansion indicates
that leukemogenesis by Tax is selectively advantageous for
viral replication and cell proliferation. Transgenic expression
of HBZ in CD4™ T-cells also induces T-cell lymphomas and
systemic inflammation in mice (Satou et al, 2011). Tax and
HBZ certainly contribute to leukemogenesis in HTLV-1-infected
T-cells. However, considering the low rate of incidence, clinical
observation implies that HTLV-1 lacks a strong capacity to
induce leukemogenesis, in contrast to other animal leukemia
viruses.

Notably, most leukemic cells do not express viral genes,
excluding HBZ (Gaudray et al., 2002; Taniguchi et al., 2005; Satou
et al., 2006). Tax, a highly immunogenic protein, is not expressed
in most aggressive-type ATL cases because HTLV-1 provirus is
substantially silenced by proviral defect and/or an epigenetic
mechanism (Tamiya et al.,, 1996; Koiwa et al., 2002; Taniguchi
et al., 2005). It is assumed that this is one of the strategies that
viruses use to evade host immune defense.

However, leukemic cells possess similar traits as Tax-
expressing cells (Yamagishi and Watanabe, 2012). Although
the reason for this seemingly paradoxical observation is yet
to be determined, it is suggested that the acquired cellular
characteristics, including promoting cell proliferation and
apoptotic resistance, is conferred by viral genes in early-phase
infected cells and by genetic/epigenetic abnormalities in late-
phase, highly malignant ATL cells (Figure 1). Although Tax
has already disappeared at the time of ATL onset, Tax and
its interactome (described in later chapters) have already left
multiple genetic and epigenetic memories, contributing ATL
onset. This switch during leukemogenesis is indeed supported
by transcriptome data; the changes in gene expression in
infected cells are dominated by disordered homeostasis and the
characteristics of ATL.

Although cancer is typically considered to be a genetic disease,
chromatin and epigenetic aberrations as well as active roles
of HBZ play important roles in tumor potentiation, initiation,
and progression in ATL and HTLV-1-associated diseases. Based
on recent findings, we introduce a hypothesis with important
implications that might explain the underlying mechanism of the
issue: the molecular memories inherited from HTLV-1.

TRANSCRIPTOME ABNORMALITY
IN ATL

Cellular characteristics (i.e., phenotype) are strictly defined by
the regulation of gene expression. HTLV-1 Tax directly affects
host gene expression through multiple mechanisms, including
the binding with host transcription factors and the perturbation

Dependency
HTLV-1 Genetic /
Tax 2 b b o ) epigenetic
HBZ Genetic changes abnormalities
Histone modification + HBZ

DNA methylation
microRNA changes
Insertional effects
Inflammation
immune evasion

FIGURE 1 | Transition of the molecular characteristics during latent period.
The acquired cellular characteristics such as promoting cell proliferation and
apoptotic resistance are conferred by viral genes in early-phase infected cells
and by genetic/epigenetic abnormalities in late-phase ATL cells. The aberrant
characteristics are acquired and imprinted, nevertheless Tax disappears. The
consequent genotype and epigenotype support the differential phenotypes
and the disease entities.

of multiple signaling pathways (Ballard et al., 1988; Ruben et al.,
1988; Kim et al., 1990; Migone et al., 1995; Good et al., 1996;
Takemoto et al., 1997; Boxus et al., 2008). Intriguingly, the
molecular hallmarks of aggressive ATL cells at the final stage
of progression still comprise pronounced dysregulation of the
signaling pathways that control the cell cycle, the resistance to
apoptosis, and the proliferation of leukemic cells without Tax
expression.

Cell cycle regulation is a typical example of the correlation
between gene expression and phenotypic changes. The oncogenic
function of Tax was first demonstrated in a study of cell cycle
regulation. Tax inhibits cyclin-dependent kinase (CDK) inhibitor,
CDKN2A (p16™K44) via physical interaction (Suzuki et al,
1996). The mitogenic activity of Tax is exerted through the
stimulation of G;-to-S-phase transition. Additionally, Tax affects
a cohort of cell cycle-related proteins, including CDKs, CDKNI1A,
CDKN1B, and CDKNZ2A, via the regulation of their expression
or physical interaction (Akagi et al., 1996; Neuveut et al., 1998;
Schmitt et al., 1998; Santiago et al., 1999; Suzuki et al., 1999; de La
Fuente et al., 2000; Iwanaga et al., 2001; Haller et al., 2002; Liang
et al., 2002).

Comprehensive gene expression profiling revealed that several
positive regulators of the cell cycle process are overexpressed
in acute-type ATL, in most of which HTLV-1 sense-transcripts
and the virus replication is silenced. Diverse abnormalities
were also found in each of these comprehensive studies;
however, several gene alterations and other critical events
have been commonly implicated as the determinants of gene
expression pattern. The abnormalities in the expression of
different cytokines, their receptors, and various proteins that act
as anti-apoptotic factors or proliferating agents are the cellular
hallmarks responsible for malignant phenotypes (Tsukasaki et al.,
2004; Sasaki et al., 2005; Watanabe et al., 2010; Yamagishi
et al, 2012). These notable traits in the transcriptome may
be genetically and epigenetically established during long-term
latency periods.
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ESTABLISHMENT OF HTLV-1 MEMORY

Genetic, metabolic, and environmental stimuli can induce overly
restrictive or permissive epigenetic landscapes that contribute to
the pathogenesis of cancer and other diseases. The restrictive
chromatin states prevent the appropriate expression of tumor
suppressors or block differentiation. In contrast, the permissive
states allow the stochastic activation of oncogenic genes and
stochastic silencing of tumor suppressor genes. The abnormal
restriction or plasticity may also affect other processes mediated
through factors such as chromatin-DNA repair and telomere
maintenance.

Chromatin homeostasis, a basis of molecular memory
(Flavahan et al., 2017), is disrupted by genetic and epigenetic
stimuli (e.g., inflammation, aging, hypoxia, cell stress,
developmental cues, metabolism, and pathogens). The heritable,
selective adaptive changes are the hallmarks of cancers. Herein,
we introduce the abnormality contributing to the molecular
pathogenesis of HTLV-1 infection by tracing the function(s) of
Tax and the characteristics of ATL cells.

Genetic Lesion in Tax Interactome
Pathway

Tax directly participates in genetic damage (Jeang et al., 1990;
Saggioro et al., 1994; Kao and Marriott, 1999; Haoudi et al., 2003).
In parallel with this, persistent proliferation, which is boosted by
cell cycle progression, may cause genetic instability and create
stochastic genetic lesions; > 1 lesions may then act as “drivers,”
allowing clonal evolution.

The recent advanced technology-based comprehensive
characterization of genetic abnormalities delineated the spectrum
of genetic alterations in ATL (Kataoka et al., 2015). Genomic data
from a total of 426 patients with ATL identified 6,404 mainly
age-related somatic mutations (2.3 mutations/Mb/sample) by
whole-exome sequencing, including 6,096 single-nucleotide
variants and 308 insertions—deletions, strongly suggesting that
the clonal expansion of aggressive ATL cells is driven by multiple
genetic abnormalities. One of the remarkable indications is
that some of the somatically altered genes in ATL (mutation
and copy number variation) encode the pivotal molecules that
Tax physically interacts with and/or deregulates, including
the components of TCR-NF-kB pathway [activated by Tax
(Yamaoka et al., 1998; reviewed in Sun and Yamaoka, 2005)]
and p53 and p16 tumor suppressors [inactivated by Tax (Suzuki
et al., 1996; Grassmann et al., 2005)]; this strongly suggests
that ATL cells still depend on the dysregulated Tax interactome
even after the disappearance of Tax expression in most ATL
cases, i.e., the influence of Tax is genetically imprinted in ATL
cells.

Gene Regulatory Loop/Switch

Depending on the cellular status, a transient cue such as
an inflammatory cytokine can induce stable malignant
transformation through a positive feedback network that is
normally held in check by a host defense mechanism (Iliopoulos
et al, 2009; Barabasi et al, 2011; Yosef and Regev, 2011).

In this manner, network motifs, including a coherent
feedforward, mutual negative feedback, and positive feedback
loops, may switch the cell fate in some cases.

Tax can activate several signaling pathways and lead to an
abnormal gene expression pattern. For instance, it can activate
NF-kB and NFAT pathways responsible for the predominant
expression of IL-2 and its receptor IL2R (Ballard et al., 1988;
Ruben et al., 1988; Hoyos et al., 1989; McGuire et al., 1993; Good
et al., 1996), whose activation leads to a positive feedback loop.
The target transcriptome of NF-kB pathway includes the genes
encoding the members of the Rel family, p100/p105, NF-kB-
inducing kinase (NIK), and several cytokines that stimulate the
same pathway.

Negative regulators within the network are critical for the
homeostasis of the regulatory motif. In the developmental
process of HTLV-1-infected cells, some NF-kB negative
regulators are diminished or inactivated, leading to chronic
activation of the signaling pathway. For example, miR-31, a
new class of negative regulator of the non-canonical NF-kB
pathway, acts by regulating NIK. One mechanism of NF-kB
activation without Tax is the epigenetic silencing of miR-31 in
HTLV-1-infected cells and aggressive ATL cells (Yamagishi et al.,
2012).

Another NF-«kB negative regulator, p47, which is essential
for Golgi membrane fusion, associates with the NEMO subunit
of IkB kinase (IKK) complex upon TNF-a or IL-1 stimulation
and inhibits IKK activation. Tax inhibits the interaction between
p47 and the IKK complex. In contrast, a significant reduction
of p47 expression has been reported in ATL cells, which show
a high-level constitutive NF-kB activation that protects ATL
cells from apoptosis in a Tax-independent manner (Shibata
et al., 2012). These findings indicate that defenseless signaling
may cause automatically and chronically activated signaling
pathways (Yamagishi et al., 2015), possibly even after the loss
of Tax.

Chromatin Regulation

Chromatin is the fundamental medium through which
transcription factors, signaling pathways, and various other
cues influence gene activity. A dynamic change of the chromatin
conformation reinforces regulatory activity or repression at
each locus and causes reorganization in response to appropriate
intrinsic and extrinsic stimuli.

Genes encoding epigenetic factors, including SWI/SNF
complex members and DNA methylation modifiers, are
among the most frequently mutated genes in human cancers
(Lawrence et al.,, 2014). However, the genetic changes of such
epigenetic factors are less common in ATL, although epigenetic
dysregulation such as DNA methylation and histone acetylation
is observed at each investigated locus (Nosaka et al, 2000;
Tsuchiya et al, 2000; Hofmann et al, 2001; Yasunaga et al,
2004; Yoshida et al., 2004; Yang et al., 2005; Daibata et al., 2007;
Taniguchi et al., 2008).

The ATL is also characterized by prominent CpG island DNA
hypermethylation, leading to transcriptional silencing (Kataoka
et al,, 2015). Approximately 40% of the cases showed the CpG
island methylator phenotype without any mutation at TET2,
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IDH2, and DNMT3A. Additionally, C2H2-type zinc finger genes
(implicated in the suppression of endogenous and exogenous
retroviruses) were hypermethylated and silenced. Furthermore,
the hypermethylation of MHC-I expression may contribute to
immune evasion.

When we consider the chromatin aberrations that confer
plasticity, the polycomb family and its substrate histone,
H3K27, are of particular interest. EZH2 can repress a wide
range of genes by catalyzing the trimethylation of H3K27
(H3K27me3). Regarding the cellular function, EZH2 and
H3K27me3 act in a highly context-dependent manner. EZH2
gain-of-function mutations may be oncogenic in a B-cell
lineage (Morin et al., 2010; Yap et al., 2011). In addition, an
aberrant activation of polycomb repressive complex 2 (PRC2)
mainly based on the overexpression of EZH2 is frequently
observed in hematological malignancies and solid tumors
(Yamagishi and Uchimaru, 2017). In contrast, EZH2 is genetically
inactivated in myelodysplastic syndromes (Ernst et al., 2010)
and T-cell acute lymphoblastic leukemia (Ntziachristos et al.,
2012).

We recently analyzed the pattern of ATL histone modification
and integrated it with the transcriptome from primary ATL
cells to decipher the ATL-specific “epigenetic code” (Kobayashi
et al,, 2014; Fujikawa et al., 2016). PRC2-mediated H3K27me3
is significantly and frequently reprogrammed at half of
genes in ATL cells. A large proportion of abnormal gene
downregulation is observed at an early stage of disease
progression, which is explained by H3K27me3 accumulation.
Global H3K27me3 alterations involve ATL-specific gene
expression changes that include several tumor suppressors,
transcription factors, epigenetic modifiers, miRNAs, and
developmental genes (Fujikawa et al, 2016), suggesting
the diverse outcomes of the PRC2-dependent hierarchical
regulation.

Importantly, the Tax-dependent immortalized cells also show
significantly similar H3K27me3 reprogramming as that of ATL
cells. A majority of the epigenetic silencing occurs in leukemic
cells from indolent ATL and in HTLV-1-infected premalignant
T-cells from asymptomatic HTLV-1 carriers.

The important implications for deciphering the triggers of
the specific histone code are physical interaction and other
influences on the host epigenetic machinery by Tax, including
the key histone modifiers HDAC1 (Ego et al., 2002), SUV39H1
(Kamoi et al., 2006), SMYD3 (Yamamoto et al., 2011), and EZH2
(Fujikawa et al., 2016).

Epigenetic Lock by Modulation of
Epigenetic Factors

The functional classification of genes has revealed that
genes epigenetically suppressed by H3K27me3 are enriched
in certain biological processes, including transcriptional
regulation and histone modifiers, in ATL. Among these,
the expression of KDM6B, encoding a JMJD3 demethylase
of H3K27me3, is significantly downregulated upon
H3K27me3 gain (Fujikawa et al, 2016). Because JMJD3
downregulation causes the global accumulation of H3K27me3,
ATL cells seemingly acquire a coherent pattern that

produces and maintains the
H3K27me3.

Another coherent pattern is observed in EZH2 regulation.
EZH2 is sensitive to promiscuous signaling networks, including
NF-kB pathway. Upregulated EZH2 causes excessive PRC2
activity and suppresses multiple target genes such as NF-kB
negative regulators (Yamagishi et al, 2012); this forms a
positive feedback loop. HTLV-1 Tax is significantly involved in
this motif by interacting with EZH2 and activating NF-«B
pathway (Fujikawa et al, 2016). Regarding the chronic
activation of PRC2 without Tax, an initial triggering
event is unnecessary for the maintenance of epigenetic

loop.

systematic abnormality of

Loss of Gene Fine-Tuner microRNA

Among the regulators of gene expression, microRNAs are
recognized as “buffers” and/or “fine-tuners.” MicroRNA can
reduce the noise in gene expression; thus, the loss of microRNA
may create perturbed gene expression at the post-transcriptional
level (Huntzinger and Izaurralde, 2011; Ebert and Sharp,
2012).

One of the key characteristics of ATL is the global
downregulation of microRNA (Yamagishi et al., 2012). Although
it has not been experimentally demonstrated, the loss of
functional small RNA may cause disordered gene expression
through transcriptional and post-transcriptional levels. Notably,
this global loss is caused and imprinted by HTLV-1-induced
H3K27me3 accumulation, suggesting that the global loss of
microRNA is one of the processes required for the developmental
pathway leading to ATL.

Alteration of Chromatin Regulation by
HTLV-1 Integration

Recent advances regarding insertional effects by HTLV-1
have provided critical implications. Satou et al. (2016) found
that CTCF (a key regulator of chromatin structure and
function) binds to the provirus in the provirus pX region
and acts as an enhancer blocker, leading to long-distance
interactions with flanking host chromatin. Indeed, HTLV-1
was reported to alter local higher-order chromatin structure
and gene expression in the host genome (Satou et al,
2016).

Rosewick et al. (2017) employed stranded RNA-seq
data in combination with improved DNA-seq-based high-
throughput mapping of integration sites and found that
HTLV-1/BLV proviruses are integrated near cancer drivers,
which they affect via provirus-dependent transcription
termination or as a result of viral antisense RNA-dependent
cis-perturbation. Remarkably, a similar result was observed at
polyclonal non-malignant stages, indicating that provirus-
dependent host gene perturbation contributes to the
initial selection of the multiple clones characterizing the
asymptomatic stage, requiring additional alterations in the
clone that will evolve into aggressive leukemia/lymphoma.
Although the hotspots of proviral integration sites and the
influence of their insertion into the host genome/epigenome
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are still being discussed, the previously unrecognized
mechanisms may be complementary to viral gene products
and the acquisition of somatic alterations in the host
genome.

EPIGENETIC LANDSCAPE OF
HTLV-1-INFECTED CELLS

The biologist Conrad Waddington first conceptualized
developmental fate decision as an epigenetic landscape wherein
differentiating cells proceed downhill along the branching canals
separated by the walls that restrict cell identity (Waddington,
1957).

Decades of research have revealed that transcription factors
are the predominant specifiers of cellular identity (Zaret and
Mango, 2016; Bradner et al., 2017). However, the topography
of this “hill” seems to be determined by the chromatin pattern,
which is directly regulated by epigenetic mechanisms in response
to the intrinsic and extrinsic (environmental) stimuli exemplified
in this review.

Therefore, as a hypothesis, we propose, in agreement
with the established developmental pathway of HTLV-
I-infected cells, that disease progression fits with the
epigenetic landscape, wherein the height of the walls
between the canals is determined by several molecular events
(Figure 2).

The initial trigger for restricting gene expression is HTLV-1
infection. This violent event significantly affects cell fate,
primarily by Tax and HBZ. Then, the immortalized cells possibly
undergo several molecular events, as described above (including
genetic and epigenetic alterations). During a long period, several
aberrant characteristics are acquired and fixed, nevertheless Tax
disappears. The consequent genotype and epigenotype support
the differential phenotypes and the disease entities of ATL and
HAM/TSP.

HTLV-1 provirus is frequently defective or silenced in
ATL. However, the lesions recurrently detected in ATL cells
imitate the function of Tax and would be stably inherited
in the progeny of the malignant cells. This raises several
critical possibilities such as that the active imprinting of
the viral function into the host genome and epigenome is
one of the critical steps of leukemogenesis. Furthermore,
the features of ATL cells are not accidental but are the
products of HTLV-1 infection. In addition to the sustained
roles of HBZ (reviewed in Ma et al, 2016), some crucial
outcomes (including gene mutations in the components of
TCR-NF-kB pathway and abnormal H3K27me3 accumulation)
and many other stochastic events shape ATL cells and their
characteristics.

FUTURE DIRECTION

At present, researchers and hematologists are sharing their
findings on the characteristics of ATL cells. Additionally, the
phenotypic characteristics of HAM/TSP have been studied.

Epigenetic landscape

- HTLV-1 infection

y CcD4 | Epigenetic reprogramming
s Genetic lesion

Gene regulatory loop/switch

»
] — Disordered chromatin regulation
5 3 » . Epigenetic lock
0 4 N "
2o et Ry miRNA changes
g T /‘\ ~\ % Insertional effects
25 /
- \L N N4

FIGURE 2 | A hypothetical model of developmental pathway in
HTLV-1-associated diseases [adapted from Waddington (1957)]. The height of
the walls between the valleys (or canals) is determined by several molecular
events. The first HTLV-1 infection and the accompanied epigenetic alterations
change the cell fate. The permissive state induced by HTLV-1-infection allows
following stochastic perturbations such as genetic mutations and
dysregulation of the signaling pathways and clonal selection, paralleled by a
decrease in transcriptional noise, and the stabilization of cell states (deepening
of the valleys).

Inhibitors of signaling pathways
Epigenetic drugs

FIGURE 3 | The mechanism-based medicines such as epigenetic drugs and
inhibitors of signaling pathways could reprogram the fate of HTLV-1-infected
cells (conceptualized as a reduction or elevation of the walls (blue arrows),
which promote crossing or bypassing within the epigenetic landscape (black
curved arrows) into the normal state).

Considering the therapeutics for the HTLV-1-associated diseases
and the need to eliminate the premalignant cell population,
the establishment of a precise understanding of disease
developmental pathways (routes, branch points, and the
events that influence the landscape, as shown in Figure 2)
is an urgent requirement. Therefore, there is a need to
investigate the abnormalities contributing to the molecular
pathogenesis, including those in master transcription factors
and chromatin regulators. Furthermore, in addition to cellular
traits, environmental parameters such as aging, cellular stress,
and immune response should be integrated into our model
of this process. The order of the molecular events is just
a pathway of disease development. HTLV-1 infection and
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following epigenetic reprogramming may be an initial step of fate
changes.

Intentional regulation such as by inhibitor treatment
will reprogram the fate of HTLV-1-infected cells, which
can be conceptualized as a reduction or elevation of the
walls between the canals in the epigenetic landscape, in line
with the analogy mentioned above (Figure 3). Realizing
the potential of such mechanism-based medicines and
advanced diagnostic tools for the detection and evaluation
of tumor stage and heterogeneity will require a deeper
understanding of epigenetic plasticity and restriction. The
road ahead is long but must be challenged to capture this
major component of HTLV-1 biology and its associated
diseases.
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Prognostic impact of soluble interleukin-2 receptor level
profiling in smoldering type adult T-cell leukemia-lymphoma

Adult T-cell leukemia-lymphoma (ATL) is a lymphoid malignancy
caused by human T-cell leukemia virus type 1.2 ATL is divided into four
clinical subtypes (smoldering, chronic, lymphoma, and acute) according
to Shimoyama's classification.? Smoldering-type ATL, recognized as
indolent ATL, sometimes has been shown to transform to acute-type
ATL2# An international consensus meeting recommended watchful
waiting (carefully observed unless transformation occurs) or treatment
with interferon-alpha and zidovudine (IFN/AZT) for patients with
smoldering-type ATL.> Determining the risk factors of transformation
is important to help determine therapeutic strategies for smoldering-
type ATL.

Because ATL cells release a large amount of soluble interleukin-2
receptor (slL-2R), the serum level of sIL-2R in ATL patients reflects
disease activity® and tumor burden better than lactate dehydrogenase
(LDH).” In the latest retrospective nationwide survey, Katsuya et al
found that sIL-2R was a probable independent prognostic factor for
indolent ATL2 However, even the patients with smoldering-type
ATL whose levels of sIL-2R are slightly increased (sIL-2R < 1000 U/

mL, correspond to a low risk in Katsuya's report®) sometimes experi-
ence early transformation to acute-type ATL. We hypothesized that
sIL-2R level profiling in the early phase of smoldering-type ATL is a
prognostic factor and could predict the risk of transformation.

We retrospectively examined 61 patients with primary smoldering-
type ATL diagnosed at our institute between 1998 and 2016. The
analyzed patients underwent monitoring of sIL-2R levels at least twice
within the first 4 months and were observed more than 4 months
without systemic therapy from the time of diagnosis. According to
the maximum rate of increase in sIL-2R level within the first 4 months
in the analyzed patients, the value of the third quartile was 1.42, so
we used a value of 1.5 as a cutoff for convenience. Patients with a
greater than or equal to 1.5-times increase in sIL-2R level within the
first 4 months were categorized into the high-risk group. The remaining
patients belonged to the nonhigh-risk group. We further categorized
the patients of nonhigh-risk into two groups: One was a low-risk group
who maintained the levels of sIL-2R < 1000 U/mL during the first

4 months, and the other was an intermediate-risk group. Multivariate

TABLE 1 Baseline patient characteristics of the high-risk and nonhigh-risk groups

High Risk Nonhigh
Characteristics (n=7) Risk (n = 24) P
Median age, y (range) 66 (54-87) 73 (53-89) 0.353
Sex
Female, n (%) 3 (43) 12 (50) greater than 0.999
Male, n (%) 4 (57) 12 (50)
ECOG performance status
Less than 2, n (%) 6 (86) 22 (92) 0.55
Greater than or equal to 2, n (%) 1(14) 2(8)
Skin lesions present
YES, n (%) 6 (86) 16 (67) 0.639
NO, n (%) 1(14) 8 (33)
Serum slL-2R, median U/mL (range) 2320 (975-4270) 1095 (408-5570) 0.129
WBC count, median x 10%/L (range) 7.3 (5.3-15.8) 6.8 (3.7-14.2) 0.48
Abnormal lymphocyte count, median x 10?/L (range) 0.5 (0.1-5.2) 0.4 (0-1.6) 0.017
LDH, median IU/L (range) 276 (94-288) 221 (150-314) 0.747
Serum albumin, median g/dL (range) 4 (3.5-5.1) 4.1 (3.3-4.6) 0.627
BUN, median mg/dL (range) 13 (8-19) 15 (1-46) 0.309
Serum creatinine, median mg/dL (range) 0.6 (0.5-0.8) 0.7 (0.3-3.4) 0.333
Corrected calcium, median mg/dL (range) 9.3 (9-10) 9.3 (8.2-10) 0.536

Abbreviations: ECOG, Eastern Cooperative Oncology Group; sIL-2R, soluble interleukin-2 receptor; WBC, white blood cell; LDH, lactic dehydrogenase;

BUN, blood urea nitrogen.
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analysis was performed by the landmark method.? We set the analyzed
point at 120 days (4 months) after the time of diagnosis. In multivariate
analysis, a stepwise selection of factors with P < 0.2 was performed. All
statistical analyses were performed using EZR version 1.34 for
Windows (Saitama Medical Center, Jichi Medical University, Saitama,
Japan).’® The present study was approved by the Imamura General
Hospital's institutional review board.

To identify the reliability of sIL-2R monitoring as a correlation fac-
tor, 30 patients with smoldering-type ATL were excluded, and 31
patients were analyzed. Reasons for exclusion were following: 20
patients underwent sIL-2R profiling only once within the first 4 months
after diagnosis, 6 experienced transformation to acute-type ATL with
4 months after primary diagnosis, 3 received chemotherapy within
the first 4 months, and 1 followed up less than 4 months after diagno-
sis. There were 7 patients in the high-risk group and 24 patients in the
nonhigh-risk group (14 intermediate risk and 10 low risk). The patient
characteristics of both the high-risk and nonhigh-risk groups at
diagnosis are summarized in Table 1. Only the abnormal lymphocyte
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count was significantly greater in the high-risk group than in the
nonhigh-risk group (P = 0.017); all other characteristics were similar
between the two groups. The 5-year OS rate of the high-risk group
was significantly inferior to that of the nonhigh-risk group (0% vs
74.8%, Figure 1A, P = 0.006). Eleven (36%) of 31 analyzed patients
had experienced transformation. Six patients (86%) in the high-risk
group experienced transformation within 12 months after diagnosis
(Figure 1B). Only 1 (4%) patient in the nonhigh-risk group experienced
transformation within 12 months after diagnosis (Figure 1D). Four
patients (57%) in the high-risk and 6 patients (43%) in the
intermediate-risk groups died. Of the 10 patients who died, 4 died
of ATL and 6 died of other reasons (1 carcinoma of the hard palate,
1 renal pelvis-ureteral cancer, 1 fulminant hepatitis, 1 interstitial pneu-
monia, 1 alveolar bleeding, and 1 traffic accident). All patients in the
low-risk group were alive without transformation at the end of the
study (Figure 1C and 1D, P = 0.021). In univariate analysis, the rate
of sIL-2R increase and the level of LDH were significantly poor prog-

nostic factors. In multivariate analysis, after stepwise selection of four
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FIGURE 1 OS and incidence of transformation to acute-type ATL. A, Overall survival (OS) of the high-risk and nonhigh-risk groups; B, incidence of
transformation to acute-type adult T-cell leukemia-lymphoma (ATL) for the high-risk and nonhigh-risk groups; C, OS of the low-risk and intermediate-
risk; D, incidence of transformation for the low-risk and intermediate-risk groups
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variables (skin lesions, rate of sIL-2R increase, and abnormal lympho-
cyte and LDH levels), only the rate of sIL-2R increase remained a sig-
nificant prognostic factor (hazard ratio 5.8; 95% confidence interval,
1.4-23.7; P = 0.015).

sIL-2R level profiling during the early phase of smoldering-type
ATL was useful for sorting and forecasting both long-term survival
without transformation and high risk of transformation. In the present
study, the result that all patients in the low-risk group were alive with-
out transformation supports the therapeutic policy of “watchful
waiting” especially for patients in the low-risk group. Transformation
often occurred in 11 (36%) of 31 analyzed patients, which is similar
to the result of previous report (60%).% In the high-risk group, except
for 1 patient with a temporary increase in slL-2R due to the onset of
pulmonary nocardiosis, all of the patients experienced transformation
within 12 months after diagnosis. Combination of IFN/AZT, which is
not covered by health insurance in Japan, is regarded as the standard
treatment for smoldering-type ATL in other countries.® Patients with a
high risk of transformation need to consider early treatment with
IFN/AZT or chemotherapy. The different frequencies of sIL-2R level
measurement caused us to exclude many patients from the analysis.
It is difficult to secure a sufficient number of patients in one institute
for a prospective study because smoldering-type ATL is rare,
accounting for only 5% to 10%2° of all ATL cases. A prospective
multicenter study is required to verify the use of sIL-2R levels as a
prognostic marker in the future.

In conclusion, the sIL-2R level profiling during the early phase of
smoldering-type ATL is useful for predicting the prognosis, including
the risk of transformation to acute-type ATL.
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Use and Application of Flow Cytometry for Adult T-cell Leukemia-Lymphoma

Kaoru UCHIMARU, MD, PhD*

Adult T-cell leukemia is one of the most intractable hematological diseases, which is caused by HTLV-1 infec-
tion. Kyushu and Okinawa are the most endemic areas in Japan but the distribution of HTLV-1 carriers is
changing because of migration to megalopolises such as Tokyo and Osaka. ATL is divided into 4 subtypes:
smoldering, chronic, lymphoma, and acute types, and the latter two are called aggressive types. Treatment
outcomes of chemotherapies showed little improvement for more than 40 years. Recently, hematopoietic stem
cell transplantation was shown to improve treatment outcomes for ATL. Morphological estimation of tumor
cells in the peripheral blood is very important for sub-classification or evaluation of the treatment outcome for
ATL, but it is often difficult to discriminate tumor cells from normal lymphocytes because morphological abnor-

" malities are ambiguous. We developed a new flow cytometric analysis system to detect ATL cells, which we

7527

named HAS-Flow (HTLV-1 Analysis System). HAS-flow detects ATL ceils as CD3%/CD7-negative popula-
tions, which revealed the presence of an intermediate population. This system could not separate normal
CD4 T lymphocytes from these intermediate cells, so we introduced analysis of CADM1I expression in this
system. The new flow cytometric system successfully separated CADM1~/CD7* (P) normal CD4 T cells,
CADM1*/CD7~ (N) ATL cells, and an intermediate population{D). The CADMI1/CD7 expression pattern
reflects the progression of HTLV-1-infected cells into ATL cells. The D and N populations detected in the
peripheral blood share many characteristics with aggressive ATL cells, which means basically these cells have
features in common with ATL cells even in the carrier state. HAS flow is useful for monitoring the clinical
course of ATL and HTLV-1 carriers. [Review] [Rinsho Byori 66 : 867~875, 2018]
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5. %3 CD4 BBHMIRICBIT S CDY7 DHEBIC &
Y CD4"/CD3%"/CD7” DMt & L THRIHT 5%
%A% L HAS(HTLV-1 Analysis System)-flow & &
@4 Ui (Fig. 202, CD4*/CD3%/CD7” D4 H %
V=54 v LTHA DA VERTHREBET
3. ZOREIRZEE) VRAROKLHATH Y.
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KB DR, 7u—H%A b A M) —ERANWE TCR
DUANTEFOER, /o —FNVIKEMELTNDS
#ATHBHZ EBAREN. ATL OfEFIRERE L
TWBLDEE 2 bz, ATL BERM ML %R
B LT B R AR U CRHI LA SRAE M B Y 8
BRERPSEM ULREY VNRE L, FBICED
BHUZREEY »8BREUL. linear regression 1.034.
Pearson’s R=0.963 L fis TRWHEBZEZR LY,
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/CD7* D& & CD3%/CD74™ D4R D4 BEASTEVVE
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ecule 1) & TSLC1 (Tumor Suppressor of Lung Cancer
D & HIFINZBAMERIEZFTH Y. I NN
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HTLV-1 %% ) 7IIZBW T, PVL ASEEM U TRIEA
HFFF Bic o T P %M HREIC D DHERAE
MLTNE, S5 NOER~BITLTNIZER
Ph» 35 (Fig. P, N OHEFIX inverse PCR, 7 12—
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o—F B L TWAEMTHD Z EARENT.
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J/CADM1" D&MIZEEE v b - TaERI~E
CBLTWZEBHREENS, LB THY UT
D EEED RS ML o> CD4*/CD79/CADMLY 8 & TF
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