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Novel agents in multiple myeloma treatment
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The introduction of bortezomib and IMiDs has improved outcomes of
patients with multiple myeloma (MM). Moreover, second-generation IMiDs
(pomalidomide) have recently been approved in Japan. Because of
incurability of this disease, newer drugs with different mechanism of action
to prolong the survival and achieve cure is urgently needed. Some of novel
agents seem promising, such as monoclonal antibodies (elotuzumab,
daratumumab), second-generation proteasome inhibitors (carfilzomib),
deacethylase inhibitors (panobinostat) or the kinesin protein inhibitor
(Arry-520). In MM-003 trial, there was a significant advantage for
pomalidomide plus dexamethasone arm over high-dose dexamethasone in
terms of ORR, PFS and OS in MM patients who had failed both lenalidomide
and bortezomib. In addition, the ASPIRE trial has shown that carfilzomib in
combination with lenalidomide plus dexamethasone had a survival
advantage over lenalidomide plus dexamethasone for relapsed/refractory
MM. These encouraging results indicate that the use of newer agents or the
combinations may overcome double-refractory disease. Other agents such as
kinase inhibitors or signaling pathways inhibitors are under investigation.
The use of cocktails of different agents with different mechanisms of action
in an earlier stage of the disease may help to obtain durable remissions or

cure.
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1960 “F100 o 2R EHEE (MM) OFE#EIRE 1T, melphalan & corticosteroid
DOHFFEETH 7=, LrL, Z® 10 EMIZ proteasome inhibitor (PI) @
bortezomib (BTZ) <°., immunomodulatory drugs (IMiDs) T& % thalidomide
(Thal) <°lenalidomide (LEN) & o 78772 EFET 2 4 D Bl 385 H3 %%
B L. ZOIRENT XA LIBICZEL LT, 2O LV BHEEE DT
BRIZHAODICEEL TS, LLaeRb, ZOREOESICHELL TEHE
JEIZRTZICABEDOERTH Y, KT BTZ & IMiDs (2t %2 #15 L
7=”Double-Refractory Myeloma” D4y 71X 9 » H EBHDTARETH S (Fig.
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TELEFEETHY ., MBIEFIRNA A~ — I — % B LB N B L 7
> TL 5H0EE DS, Doube-Refractory Myeoma % %t4: & L 7-{CEH) 72 i
RS 213 FHRRBROME 2 3% 11779 2, BE, MM (BN O 727> T H #7722
IRIRIEDBRARM I E L <ATONTWAEBD D2 Th D, AFRTIX, AT
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1. ##l Pls
TR DB BEIE D TR RGRE O 1] FIZ R 28 - TE IO G R D — o0
55— 1A% PI @ bortezomib THh %5, — 5T, bortezomib AL FSCANM 25, i
PEERH B B, Fric/e PLOBBICHIREAFE LN TN D, BEOTERED
ixazomib <°, epoxyketone {ZJ& 3 5 carfilzomib, oprozomib, salinosporamide
T 5 marizomib 23HHL PI & U CHEIRBAF DN HEIT L TV 5,
1) Carfilzomib (CFZ)
2012 2 7 HIZKETPIR IMIDs # B A7Z2 LY A VP EOIRKEERH Y | &K
% DIGFIHRIUE & 72 > 7o AP B BEE (RRMM) (25T D7R%3E L LT
WENT, BHAIE L TOREEZHIL, bortezomib A — 7 D HEE T 52%., Kt
PEa2 AT HBF T 20% L ME SN TND 35, 792 4 OFFFRIEEE x5 &
L 7= CFZ+LEN+dexamethasone (DEX) #f & LEN+DEX (Ld) #EOHNME &%
A T 5 5 3 MHERER (ASPIRE Trial) OfE R0 #Hs Xiviz 0, CFZ 13 12
B A 7 )VETld day 1,2,8,9,15,16 (T, 13~18 ¥ 1 7 /)L £ TiL day 1,2,15,16 (Z



#hH . LEN (25mg/d) 78 day 1-21 {2, DEX (40mg/d) 7° day 1,8,15,22 (2
b S iz, EEFHMEE H @ PFS IX. control #f 17.6 % H 2% LT CFZ &£ 26.3
B HATHY, 91 ADAERIEE 2RDT- (HR=0.69, P< .0001, Fig.2A), =
DIz, OS O 3T, BlEH RBI#IL CFZ B 32.3 » H . control
#f 31.5 » AT, 24 OS »° CFZ ## 73.3%.control # 65% Td >7= (HR=0.79,
P= .04, Fig 2B), ORR /%, CFZ £f 87.1%!Z%f L T control #f 66.7% (P<.001)
T. CR L E/sCR Fi% CFZ #f 31.8%/14.1%. control Ff 9.3%/4.3% & CFZ it
TEOVERWEZRD T, —FH AFEFGILARKMAE (28% vs 13%). %Wk (29%
vs 17%), EAUEREG: (29% vs 19%). T (42% vs 34%) 72 & &7p > Tk, =
N OO ERRIZ L DGR T IRIIWEET 1% K Th -7, Graded LA EDOA
EHGT CFZ #f 84%. control Ff 81%IZFED H AL, CFZ FEIZ I\ T I A
R 2.8%IC, DAREN 3.8WITFED bivle, AFBROFERIT, RRMM (2% L TH
W BT X 728 EEA| D doublet LY A AT T triplet D WA RIMEEZ R L
TEY  4%D RRMM IZX 1RSI A "7 b B2 260 & Bbh b,
B, BT I N— TN T 65 kL E O Eili#E ~0 benefit 238 H > TIEZR )
ST EICHETRETH D,

2) Ixazomib (MLN-9708)

bortezomib & [A£EIZ proteasome D FE K U 7 B LI A X—BEEME A
PLE 240180 TORE A PI ThH %, PIRHGRIED & 5 A HHR A flE 2 xR &
L7z ixazomib HF|THD 2 SDOHE—FHRE TIZ, ORR 13~15% & e ST
% 78, DLT T - @ & BE Th o T DA RIEMRREE TR Ch 5 2 L 03 FF
MThs, £l-, FRICZE SN T-REREHE NDMM) &5 255 & L
melphalan+prednisone X° Ld & OAKIEFH OHE 172 #HREBE N 1THO L.
ixazomib+Ld O Of HFER D T [E#EHT CTix, ORR 92%.VGPR Ll |2 55%. CR 23%.
1 4F PFS 93% & BV i 03 s ST 2 910, BifE, RRMM A xf4 & Lic
ixazomib+Ld vs. placebo+Ld % 3 fHikEk (TOURMALINE-MM1) 23#1TH
THOVRENFND, £72. 2014 FOKEMIEFE Tl NDMM 235 & L
72 ixazomib+Ld & & 58 ARIERZ T ixazomib HERFEIE DA M & 2%
AET 25 2 FHERBR ORI RIS S v W, 12 A 7 )L OB AL until PD
HDNTTFRTERVEMEO B E T ixazomib G- S vz, PR UL EDOZER
FNE1F 90% T HERFRIEIZ X D280 D upgrade 78 48% 2386 H L7z, —J7 . grade
4 DHEERFZIIRO LN TIAFMEZIRIF ThH o7 W,



2. ##Hl IMiDs

Thal OHUEBEEEIEOR BRIk 12 Fo 7+ 1 7 & LT LEN <° pomalidomide
(POM) 23BRZE &7z, BT OWFFEN>5 . IMiDs (% E3 ubiquitin ligase complex
ZRERLT D cereblon IZHEAT D Z LIC X o TEAT2 Z LRGN - 7219,
Cereblon ®FBL & IMiDs OERIZEEN & 5 Z & b iRE STV 5 149, IMiDs
DOFEMIZ2AERBETF LW 52> TIEZR WS BOIRayEvE, s HEER B L O E
FAEEERAD S OOFEREZ b TS, ZIVE TAFLTIX Thal & LEN
25 RRMM [Zxf L CTHEH S TE 722, IS IMiDs O F Thie b SUlERE
PEDE POM 28 RRMM (23S & 72 o T2,

1) Pomalidomide (POM)

ZNFETOHE 2 FHRAER T POM &/ & DEX & OffA#E (Pom/dex)» LEN R
JEPERS BTZ & LEN M RSO B MIEEE AR TH L Z ERRESINT
71516, 5 OFERT iq’*’\] 1/3 @%%ﬁ PR DL EDZEgh % ~m L, PFS ot
IR 3.3~7.7 # H CH o 7=, &iT. LEN £ L O BTZ I[ZHFED D WITARHE
® RRMM #BE % %1512, Pom/dex & high-dose DEX (HiDEX) D A #hitk & 224
M b9 25 55 3 FMHEER (MM-03 Trial) O#E RN HE 7z 17, EEFHMEER
X PFS. EIRAJFHMIEH X OS, ORR, TTP, DOR, QOL, safety T ->7-, 455
23D 9 30245 Pom/dex #f, 153 4 7S HIDEX BEIZHR Y 20 1) H vz, 26 LEN,
BTZ, alkylator OI&GHEZH LT3 0, LEN 35 50 BTZ (HEHME T - 7= f
X Pom/dex #f 75%, HIDEX #f 74% CdH -7, TEHMBIEH @ PFS [3#1£24
[l 10 » H DK C Pom/dex B 4 » A, HIDEX # 1.9 » HTH Y| A
12 Pom/dex B CHENTUL /= (P<.001, Fig. 3). OS I, HiDEX 0250
%I POM G- T2t b B 57, Pom/dex #f 12.7 » A, HiDEX ##
817 HEARAEIZEMHTH-7- (X 2), ORR . Pom/dex #t 31%, HiDEX #f
10%TdH > 7=, BHEED SR DY 7 7 — 7T Ti%,. LEN #&5iET% LEN
B LU BTZ BHHITH REOHIENFED biLlc, AFFGIC L HIHR P IEE
H AL CRIZE DD > 72 (9% vs 10%), AEFL TIE, grade 3/4 DIk
& L CAFRERED 23 Pom/dex BEICZ <GB B LT (48% vs 16%), Pom/dex i
BTZ <° LEN TOig¥ failure Bkt L CHEIRIBEL VA ThDH I ENRS
e KETOHE 1 HREBRORER &S CTARFAR SNz, Fio, o B#iEEA|
& OHFAIRROBAFE D HiL T 5, LEN NSO B #lEEE 12 x3 5 POM,
BTZ, DEX ® 3L T A O 1/2 #HERBROME RN HME Sz 18, HER



E%DOF 2 A TliL, POM 4mg/day % day 1-21. BTZ 1.3mg/m23¥ L ) DEX
40mg % day 1,8,15,22 I&KETH A7 a— N 1A 70 E L TH 8T A7
ATV, ZD %k, POM 28 until PD &£ T# 5 7=, ORR % 85% C,
VGPR/CR/sCR EIAIZZENZH 26%/13%/6% & W B 5 b, AL R
HFChol,

3. Monoclonal Antibodies (MoAbs)
BIAE, MoAbs 1T\ < D 7H 0 & Mg HE 50 [E T IR D AR HETRIR ICHL AA E TV
LI, TIVE TERME RIS L CKRE S 4u7z MoAbs 172\, BIfE, B HfifE
AR EizEm B9 5 CS1, CD38, CD138, CD56, CD40 7¢ FlZkt3 % MoAbs
NP THY | ALERRBERNME I TS, MoAbs 1%, 7= 72 EMH
FFafA 4 20UEREIREETH Y | 5%, IEMEO M R 72 IR EIER
DRI D,
1) Elotuzumab (ELO)
ELO /X, #ifaRmsE A'E CD2 family & homology 73 & 2 Mifin % mbE & HE
T FMEE Y o NERIESEA L7 7 2 Y —T7 (SLAMF7, CS1) %*ﬁﬁﬁkﬁ“é
t MMEIgG1MoAb T %, CS1 13 NKfifa<> CDST Mliflic H 3B L TV 5 23,
25 E BEREAIILOF) 95%IC3BLL T\ 5 19, Elo O/EMAMEFIL. NK iz
L7 ADCC &2 biud 19, Elo HAMERIEOH 1 MR TIL, RKIM&EIZE]
T, 20mg/kg ThH -7z 20, Z OB TIIFNFNIRD L -> 7243, BTZ
EOFR L5 1 AAREIERRS 20T Ld &R L7228 1b/2 FRBR Tk, &
D EINEI 48%, 84% Th U mWERNHEN /R ST 2122, %BEFORBROE 2
FAHICIX. 10mg/kg L 20mg/kg 2R — s DREZNRIT LR T 83.6%TH Y |
10mg/kg T 91.7%. 20mg/kg Bt 75.7% CTH -7z, DROFEHITHEL, %sdm
BOLNDE TOMBOPRALIIK 1 » HThHoto, Fio. HBERDNRD
NHETOHMIL26 » HTHY . BB OPREIX 29.2 » H TH-7- 23)0
WNE 1 FRERARRR 1T, LdRIEE O L, 1EY%ERY72 343 7 1 T ELO ©OH
EHE 21T TR CTh 5, 10mg/kg, 20mg/kg O 27— MZ DLT 133890 5
NP, 20mg/kg £ TOMETITZ MTD ICE LR > 72, 20mg/kg £ TOHET
BAF e B E TR L, 6 4 b AMBRE R LTIV | W/ & RIFEE O
bbb, RRMM (254 % ELO+Ld #RiE L Ld Mk % 9 54 3 iR
WETHTHY . TOFRENER &5 (ELOQUENT-2), BIfE, EWNTIEER



IRIROZHMEHE NDMM) % %15 & L7z ELO+Ld %k & Ld BiEOF 2
& HEME GRS D BAER S 2 B EITH TH 5,

2) Daratumumab (DARA)

DARA . MM oOffifaRmicEmIEE L TW\wWsd CD38 M &+ 58k b
CD38MoAb T 24, ADCC &S CDC {&4:. apoptosis #E/EHIZIN 2 THUR
AFEMAE EIER (ADCP) 295 2620, 2 LU X Ll EORNRFE A =T 72
RRMM % %t4: & L7= DARA H#0 JlEMiE 38 T3, 4mg/kg Pl E TS Sh
TZBFEICBNTEIERN 42% Th - 72 2128, FEROPRIEN 6 LA DA
Fatgl LTWAIZHE0 b o T EWAZIMENES b7z, RRMM % %4 &
L7z Ld & OFFHE 1/2 FRER T, B35 muA2E (ORR 75%) 73
WEINLTWD 29, ZTh b7 —H%LIZ, KXE FDA |X DARA
% "breakthrough therapy” & L TAHL&E S 7=, 4 % . Double-refractory
myeloma CEEAF O T H FANARME O BE ~DHAR 50, MoFEA & o
OFRIEIEDRRE WIS D,

4. Deacethylase Inhibitors (DAC1)

B R MUBLT BT (HDACIE, & R b7 B F /LIRS & iR L C
EXRNCEAZIFIUO E L TR RERDOT B F /Wb L dli#+ 5, HDAC X2
o OB A B U CRRIEMILIZ I 2878, MEB ofh#E, DNA &
BB, vy X UEBREBUEEADT LA RIR E | £ OFERT 1
T AIZBE LT % 3030, DAC [3UE HIEHIE 2 38U T p21wafl g HIC K 2 Al
JE DA IES TL-6 ZRAEFBL OB, Rb A DY Bk, Bax FEELOEEMN
WZEDT AR N—= A7 EAFHET 5 3233, KR DACL I BTZ @ X 5 7o 3AN %t
THREZEETLESED Z E0b PI L OfFHEEN RS BRSNS L FRIREC
PI PO FEARDS IR ST D 39, Bl RIFSE T D DACL ~D & W HIFFIC & B
H 59 RRMM (Zx13 % BHAITORRKRESRIZRERN TH -7z, Z DR & DACH
2L % PI O METLHEOBERAVRILIZ X 0 OFHZVR ORGE T T& 72, Z
FUE TIZ vorinostat & panobinostat DBIFENHED S TE 7=, RRMM IZxf L
T BTZ ~® vorinostat ® 20 R4 MGE L 725 3 fHiER (VANTAGE 088)
Tl BERITAEICE K PFS DIEEZNED/RINIZDENTH Y | £ DORFIR
HIERIIP LN TIE AR o7239, —J7, BTZ NSO BE 255 & LIt ©
I% DACI OFFHIC L 0 IHPEFEIRDRIZ SN TEIY . FEDORRIRRH D b



D EWFRFI N D 363D,
1) Panobinostat (LBH589)
panobinostat (PANO) [T KENZIBWTAE2 HIZBTZ & IMID 252 L U £
VUL RIZ X R A T B MEEE Tk L, BTZ & DEX & OffH THR
N7z, ZOEFRIL, %1895 PANORAMA-1 trial I28$k =41, BTZ & IMiD T
WIR 22T 721934 DY 7 7 /v — Tt OfE FAZEAD W T 5, PANORAMA-1
trial 1%, 768 4 ® RRMM % %512 BTZ & DEX |2 PANO %l z 7= 3 AIFFH#E
& .BTZ & DEX (T placebo & M2 7=HED AN & 2241 % ik 3 5 & it sk 22 [A]
HEMRBIEALILEGER Ch 5 39, 387 fi7° PANO £, 381 5% control #f
(ZHFIO AT B, FEFHEEE o PFS (X, PANO #f 11.9 » A | control # 8.1
# H & PANO HTHERERZR O (HR=0.63, 95% CI 0.52-0.76, P
<.0001), ORR |ZWFEH CHEZEZRO R -T2 (60.7% vs 54.6%, P=.09),
CR & %5\ near CR #4513 PANO £ 27.6%. control # 15.7% & PANO R£ T
ARICRAFTH -7z (P=.00006), HEZLAEFELIL PANO # D 60%. control
BED 42%ZHE 7z, grade 3/4 OFFEFRG L L Ci/Masd2d PANO #f
67%. control Bf 31%I\Z. THID 26% vs 8%IZ, JEHT LD 24% vs 12%IZF8 O 5
nic, £z, LEEAFHERLE L TT EOES ST K TF25 PANO B 64%.
control #f 42%IZF8 8 L LTz, BIRF R TO OSIERE~D A /N7 MIHA L TlE
BRWIZOERMO7 30 —=NRBETH D, FHI TR - DM A X B
TEEZET 2, #EILARORILL 72 -7 BTZ & IMID OIEFELZ 7T 25 193
DY T 7 )—T T T O PFS X, PANO £ 10.6 % H 2%} L T control #F 5.8
Hh HThHol,
2) Rocilinostat (ACY-1215)
Rocilinostat 13X HDAC6 OFFHEAZePHEK S L TR 7z, ik L7z DACI
LR R DMER N2 DI LR e ER RV & B 2 v, BEOREAHIFF T
Z %, Rocilinostat O HA# G- TIEBNIHB L2V E O DOIFMEITRIF TH -
7z. BUE BTZ X° LEN & Offfl TORRKRERAETH TH 2 39,

5. Cell Cycle and Mitotic Regulators

Filanesib (Arry-520) |30 a5y A I E ¥ 70 %% % 1 5 kinesin spindle

protein ML HK T mitotic arrest & survival signal D73 f# % 4 L T apoptosis
Z#ET %, RRMM (259 2% HAIR G OB TIIRZIHRN 16% THh -7z 10,



F7o. 6 LU RA L EORTEREREEZ R T 5EEEZ SR E L7 DEX & Off ik
T 22% DZN RGO HaL7= 49, HAE, BTZ+DEX, CFZ & O ffHiRBR 1T
hCH D,

6. Signal Transduction Pathway Inhibitors and kinase inhibitors
B BEIE A CII M ORI MIAE & [RIERIZ > 7 F AR EERE K O B T iE& AL 2358
Hil. 2D OREOMHERDOBE NI ST\ 5, PISK/AKT/mTOR #%#
T EBEEOIREEI R b EHERRE O —>TH Y . AKT PHLEHHKSS mTOR BHEHK
DBAFED BTZ 72 £ L OO H THED 1T 5 42449 RAS/RAF/MEK/ERK #% %
DFREH & LT, Farnesyl-transferase [H 3K 459<° MEK [HE%K 460 p38/c-Jun
N-terminal kinase activatort?7g E23FHFEF TH 5, HAITORRITIZ & A EFR
DRV MEK BEEZED selumetinib (X, 5 L ¥ A LU EORTEE 25 1T
TBEZXG L LTCH 2 FHRABR TR 8% TH Y Af’ﬁ@ﬁﬁ%ﬁﬁiﬁﬁ Iid 9,
F7o. &7 AMERTIHS MM O 4%I2 BRAF ORSEEESAIZZ 3588 H 0TV
% 55, RRMM O HiZ BRAF @ V600E ’%{E\:%ﬁm DI JERFNZ BRAF BHE 2K
Toh 5 vemurafenib WA ThH o 7-FlnEE SN TWD 49, filf, Bruton’s
tyrosine kinase [HE 3£ ibrutinib Bl & 5 WM DEX FH O 2 #H H E#ER
23T, ibrutinib 840 mg/day & DEX 40mg/week OffHIZ35v T MR LA
= clinical benefit rate 2% 25%1Z, 4 YA 7 VLl EFfid 2 SD 25 25%IZ580
LIz 50, Sz, PRV COBRRFEMIELHETL b D LI SN D,

BHyIZ
HUTTEH & TV S HTRIBRIEIC OV T pivotal Z2lEKERT — & 20z b
— L 7=, &5 & TG L intraclonal heterogeneity O/0 722\ Wi #IH#A 6
R EAr 2 AT 28K 2 A EDbE AT Z 2Ly, LY EMo
BRRD HVITIBREm A ER TE DA N S D, AR, AH Tl lenalidomide (2
FlEHiE 3AIEHD IMIDs & LT, F£72, AFITHIT 25 4 FIH OFHIFEAIE LT
pomalidomide AFE I N721E00 TH D, 5%, FHIEOEBERR LA BHEL
THER DHAN &1 HL 2 D AE T 2 A7 2 W HLHFH o0 R 7GR & 20 R ny 722 fF
TRIR DML Z G L TR E R,
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Fig. 1
Kaplan-Meier curves for event-free survival and overall survival in patients
with “Double-Refractory Myeloma”?.

EFS, event-free survival; OS, overall survival.

Fig. 2

Progression-free survival (A) and interim overall survival (B) for all
randomly assigned patients of ASPIRE trial.

PFS, progression-free survival; OS, overall survival; KRd, carfilzomib +

lenalidomide + dexamethasone; Rd, lenalidomide + dexamethasone

Fig. 3

Progression-free and overall survival for all randomly assigned patients of
MM-003 trial.

PFS, progression-free survival; OS, overall survival; Pom, pomalidomide;

LoDex, low-dose dexamethasone
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Table 1 Phase II/111 Trials with Novel Agents Active in Double-Refractory Myeloma?

Study Phase Drug/Dosing Regimen N (DR N) ORR (DR ORR)
_ Carfilzomib 20/27 mg/m? D1-D2, 8-9, 15-16
Siegel et al Il (28-D cycle) 257 (169) 24% (15%)
Arm A: Pomalidomide 4 mg D1-D21, Dex 40 mg/wk . Ao 0
Leleu et al ] Arm B: Pomalidomide 4 mg D1-D28, Dex 40 mg/wk 84 (64) ﬁ:m gj 2202 gi(;g
(28-D cycle) '
Cohort 3: Pom 2 mg D1-D28, Dex 40 mg/wk . R0 0
Lacy et al I Cohort 4: Pom 4 mg D1-D28, Dex 40 mg/wk 70 (70) ggﬂgﬁ jj gg(;z gg;g
(28-D cycle) '
- Pom 4 mg D1-D21, Dex 40 mg/wk (28-D cycle)
Vij et al I 113 (69) 30% (28%)
. Arm A: Pom 4 mg D1-D21, Dex 40 mg/wk . 290
San Miguel Il | Arm B: Dex 40 mg D1-D4, D9-D12, D17-D20 (28-D cycle) 455 (329) Arm A: 32% (N/A)
etal Arm B: 11% (N/A)
(Dex 20 mg >75yrs)
Palumbo Pom 2.5 mg D1-D28, CPM 50 mg QOD, PSL 50 mg QOD (28-D
_ \orinostat 400 mg D1-D14, Bortezomib 1.3 mg/m?2 D1, D4, D8,
Panobinostat 20 mg TIW, Bortezomib 1.3 mg/m? D1, D4, D8,
Alsina et al ] D11, Dex 20 mg D1-D2, D4-D5, D8-D9, D11-D12 55 (N/A) 31% (N/A)
(21-D cycle)
ARRY-520 1.5 mg/m? D1-D2, Dex 40 mg/wk, G-CSF D3-D7
Shah et al I (14-D cycle) 18 (18) 22% (22%)

DR, double-refractory; ORR, overall response rate; Pom, pomalidomide; Dex. Dexamethasone; CPM, cyclophosphamide; PSL, prednisone
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