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Timeline  of  Advances  in  Multiple  Myeloma  Through  2015  
(Approved  Agents)
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A  Perspective  on  Recently  Approved  Drugs

Drug N ORR DOR	
  (mo.) PFS	
  (mo.)

Single	
  Agent

Bortezomib	
  (V) 202 27% 12.5 7

Lenalidomide 222 26% 12.6 4.9

Carfilzomib 266 24% 7.8 3.7

Pomalidomide 108 18% 8.3 2.7

Daratumumab 106 30% 7.6 3.7

Doublets

Len/Dex (RD) 704 61% 15.8 11.1

Pom/Dex 221 33% 10.7 4.2

Triplets

Panobinostat + VD 768 60% 13.1 12

Elotuzumab	
  +	
  RD 646 80% 21 19.4

Ixazomib +	
  RD 65 80% 20.5 20.6

Carfilzomib +	
  RD 792 85% 28.6 26.3



Selected  Phase  III  Trials  in  Relapsed  Disease

Name	
  of	
  trial No.	
  prior	
  lines Arm N PFS
(months) ORR ≥VGPR ≥CR

ENDEAVOR 1-­‐3 Kd 464 18.7 77% 54% 13%
Vd 465 9.4 63% 29% 6%

NIMBUS	
  (MM-­‐003) ≥2§ Pd 302 4.0 31% 6% 1%
D 153 1.9 10% 1% 0%

TOURMALINE-­‐MM1 1-­‐3 IRd 360 20.6 78% 48% 12%
Rd 362 14.7 72% 39% 7%

ELOQUENT-­‐2 1-­‐3 Elo-­‐Rd 321 19.4 79% 33% 4%
Rd 325 14.9 66% 28% 7%

ASPIRE 1-­‐3 KRd 396 26.3 87% 70% 32%
Rd 396 17.6 67% 40% 9%

PANORAMA	
  1 1-­‐3 Pano-­‐Vd 387 11.99 61% 11%
Vd 381 8.08 55% 6%

CASTOR ≥1 Vd-­‐dara 251 NE 82.9% 59.2% 19.2%

Vd 247 7.2 63.2% 29.1% 9%

POLLUX ≥1 Rd-­‐dara 286 NE 93% 76% 43%
Rd 283 18.4 76% 44% 19%

6

Carfilzomib	
  is	
  more	
  effective	
  than	
  Bortezomib	
  

Pomalidomide	
  and	
  Dexamethasone	
  is	
  effective

Three	
  Drugs	
  better	
  than	
  Two

K	
  – Carfilzomib I	
  – ixazomib	
   Elo	
  – Elotuzumab	
  
V	
  – Bortezomib R	
  – Lenalidomide	
   dara -­‐ Daratumumab	
  
D	
  – Dexamethasone	
  	
   P	
  – Pomalidomide	
   Pano – Panobinostat	
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If  your  cancer  comes  back…  Daratumumab

08/30/2016 10/11/2016

Barlogie  2017.  

83  yo man
• Primary  VCD
• Relapse  with  EMD  in  LN,  
musculature,  skin;;  on  HD

• VTD-­ACE  and  PBSC  collection;;  
improved

• Mini-­auto-­transplant  with  MEL  
70mg/m2;;  PR

• Massive  EMD  relapse  with  super-­
high  GEP70  score  of  95.87

• Single  agent  Daratumumab  weekly;;  
CR  within  4  weeks



Updated  PFS:  POLLUX

Median  (range)  follow-­up:  
17.3  (0-­24.5)  months

• Median  PFS  
– DRd:  not  reached;;  Rd:  17.5  months
– HR:  0.37  (95%  CI,  0.28-­0.50;;  P <0.0001)

.

Usmani,	
  et	
  al.	
  ASH	
  2016;	
  653:1151
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Updated  PFS:  CASTOR

Median  (range)  follow-­up:  
13.0  (0-­21.3)  months

• Median  PFS
– DVd:  not  reached;;  Vd:  7.1  months
– HR:  0.33  (95%  CI,  0.26-­0.43;;  P <0.0001)

.

Mateos,	
  et	
  al.	
  ASH	
  2016;	
  653:1150 9



MMY1001:  DARA  +  POM  Dex  Cohort  -­ ORR

• Median  F/U  13mo
• Median  PFS:  8.8  months
• 12-­month  PFS  rate:  41.9%
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• Among  patients  with  CR  or  better,  MRD  -­ve rate:
– 10–4 threshold  =  6/17  (35%)
– 10–5 threshold  =  5/17  (29%)
– 10–6 threshold  =  1/17  (6%)
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Chari	
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  et	
  al.	
  IMW	
  2017 10



PFS  According  to  MRD  Status  at  10–5

CASTORPOLLUX

Pa
tie
nt
s  
pr
og
re
ss
io
n  
fre
e  
an
d  
al
iv
e  
(%
)

0

20

40

60

80

100

0 3 6 9 12 15 18 24

Vd  MRD  negative
DVd  MRD  negative
Vd  MRD  positive
DVd  MRD  positive

Patients  at  risk
Months

21

6
26
241
225

6
26
176
189

6
26
123
172

5
26
68
134

3
15
20
76

2
7
7
26

0
1
0
4

0
0
0
1

0
0
0
0

Pa
tie
nt
s  
pr
og
re
ss
io
n  
fre
e  
an
d  
al
iv
e  
(%
)

0

20

40

60

80

100

0 3 6 9 12 15 21 27

Rd  MRD  negative
DRd  MRD  negative
Rd  MRD  positive
DRd  MRD  positive

Patients  at  risk
Months

24

16
71
267
215

16
71
233
195

16
71
190
178

15
70
166
167

15
66
144
161

12
57
120
137

0
6
5
9

0
0
0
1

0
0
0
0

18

10
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• Lower  risk  of  progression  in  MRD-­negative  patients
• PFS  benefit  in  MRD-­positive  patients  who  received  daratumumab-­containing  

regimens  versus  standard  of  care

Usmani,	
  et	
  al.	
  ASH	
  2016;	
  653:1151 Mateos,	
  et	
  al.	
  ASH	
  2016;	
  653:1150



If  your  Cancer  comes  back…  We  have  Choices

• Vermurafenib

• Afuresertib

• Dinaciclib

• PIM  (LGH447)      

• Trametinib

Kinase  
inhibitors

• Panobinostat

• Ricolinostat

HDACi

• Venetoclax

• Selinexor

Novel  
mechanisms

• Checkpoint  
Inhibitors

• CAR-­T

• Bispecific

Immuno-­
therapies

• CC-­122

• CC-­220

New

IMiDs

• Elotuzumab

• Daratumumab

• Isatuximab

Monoclonal  
antibodies

12
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Venetoclax – Mechanism  of  Action

1.	
  Roberts	
  AW	
  et	
  al.	
  NEJM	
  2015
2.	
  Punnoose E	
  et	
  al.	
  Mol Cancer	
  Ther 2016	
  

• BCL-­‐2	
  and	
  MCL-­‐1	
  promote	
  multiple	
  myeloma	
  growth	
  – No	
  Breaks!
• Venetoclax	
  selectively	
  blocks	
  BCL2	
  – Apply	
  Breaks!
• Bortezomib	
  blocks	
  MCL1	
  – Apply	
  Breaks!2

Moreau	
  P,	
  et	
  al.	
  Blood.	
  2016;128(suppl).	
  Abstract	
  975.



• N	
  =	
  68
• Median	
  of	
  5	
  prior	
  lines	
  of	
  therapy
• Study	
  was	
  enriched	
  with	
  patients	
  with	
  t(11;14)	
  MM

All	
  patients 68 21
t(11;14) 30 40
No	
  t(11;14) 36 6

ORR,	
  %

Kumar	
  S,	
  et	
  al.	
  Blood.	
  2016;128(suppl).	
  Abstract	
  488.

n

• Oral	
  medication
• Approved	
  for	
  the	
  treatment	
  of	
  CLL
• Well	
  tolerated
• Low	
  blood	
  counts

Venetoclax Monotherapy

14



RRMM,  Phase  1b

• N	
  =	
  66
• Median	
  age:	
  64	
  y
• Median	
  of	
  3	
  prior	
  lines	
  of	
  therapy

All	
  patients 66 67

Not	
  refractory	
  to bortezomib 39 90

Bortezomib-­‐refractory	
   26 31

1	
  to	
  3	
  prior	
  therapies	
   37 89

4	
  to	
  6	
  prior therapies	
   29 38

Bcl-­‐2	
  high	
   18 94

Bcl-­‐2	
  low	
   27 59

ORR,	
  %

Moreau	
  P,	
  et	
  al.	
  Blood.	
  2016;128(suppl).	
  Abstract	
  975.

n

• Venetoclax/bortezomib/dexamethasone	
  was	
  well	
  tolerated,	
  with	
  MTD	
  not	
  reached
• Clinical	
  benefit	
  was	
  higher	
  in	
  patients	
  with	
  fewer	
  lines	
  of	
  therapy,	
  patients	
  who	
  were	
  
not	
  bortezomib-­‐refractory,	
  and	
  patients	
  who	
  had	
  high	
  Bcl-­‐2	
  expression

Venetoclax +  Bortezomib  +  Dexamethasone

15



Selinexor:  Selective  Inhibitor  of  Nuclear  Export  Protein

• Exportin-­‐1	
  is	
  a	
  chaperone	
  protein	
  that	
  transports	
  tumor	
  suppressor	
  protein	
  out	
  of	
  
nucleus

• Selinexor	
  binds	
  to	
  Exportin-­‐1	
  and	
  blocks	
  its	
  function
• Tumor	
  suppressor	
  protein	
  stay	
  in	
  nucleus	
  and	
  cause	
  growth	
  arrest	
  and	
  cell	
  death



Selinexor – STORM  Trial  Quad  and  Penta  Refractory

75  yo female
• MM,  Stage  IIIB,  dx  5/20/2011
• History:  Breast  Ca  1999,  Thyroid  Ca  
2005,  renal  failure  2011,  radiation.  

• 7th relapse, prior  therapies  include,  
Velcade,  Cytoxan,  dexamethasone,  
thalidomide,  Pomalidomide,  carfilzomib,  
Daratumumab,  panobinostat,  imatinib,  
metro28,  nivolomab,  venetoclax

• Started  Selinexor on  2/21/17.  
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Selinexor – STORM  Trial  Quad  and  Penta  Refractory

Dan	
  T.	
  Vogl,	
  et	
  al	
  	
  ASH	
  2016 Lonial S	
  IMW	
  New	
  Delhi	
  2017

STORM  Trial
N=78

Response

VGPR 5	
  %

PR 15	
  %

MR 13	
  %

Patient  
Characteristics

Sel Dex
Quad  

Refractory

Sel Dex
Penta  

Refractory
Sel VD Sel KD Sel PomD

Patients  Enrolled 48 31 33 22 20

Median  Age  (range) 62  (41  – 78) 68  (34  –78) 63  (43  – 74) 64  (55  – 74) 61  (43  – 83)

Median Priors  (range) 7  (3  – 16) 7  (5 – 17) 4  (1  – 11) 4  (2  – 10) 5  (2  – 9)

ORR 21% 20% 77% 63% 60%

CBR 29% 40% 91% 84% 73%

Storm	
  – Quad	
  and	
  Penta	
  Refractory
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Pembrolizumab  +  RD  for  Relapsed/  Refractory  MM  – Keynote  023

Best	
  Overall	
  Response
n	
  (%)

Efficacy  
Population†
(n  =  40)

Lenalidomide  
Refractory  
(n  =  29)

ORR 20	
  (50) 11	
  (38)

Stringent  CR  (sCR) 1	
  (3) 1	
  (3)
Very	
  good	
  PR	
  (VGPR) 5	
  (13) 3	
  (10)
PR 14	
  (35) 7	
  (24)

SD 19	
  (48) 17	
  (59)
Disease	
  control	
  rate	
  (CR	
  +	
  PR	
  +	
  SD) 39	
  (98) 28	
  (97)
Progressive disease	
  (PD) 1	
  (3) 1	
  (3)

Mateos	
  M-­‐V,	
  et	
  al.	
  J	
  Clin Oncol 2016;34(suppl):	
  Abstract	
  8010.

†11  patients  NE  by  central  review
3  discontinued  within  cycle  1  for  reasons  other  than  PD  (2  no  treatment  assessments  and  1  SD  by  investigator)
8  inadequate  myeloma  data  for  response  assessment  (5  PD  and  3  SD  by  investigator)

Final  Efficacy  and  Safety  Analysis

20



Pembrolizumab,  Pomalidomide  &  Dexamethasone  for  Relapsed/  
Refractory  MM

Pem 200  mg  D1,  D14  /  Pem 4  mg  Cont /  Dex  40  mg  D1,  D7,  D14,  D21
-­ After  24  months;;  responding  patients  continued  on  monthly  Pembrolizumab  with  Pom/Dex

Response Category Evaluable  Patients  
(N=45)

Overall  response  – no.  (%) 29  (65)

Clinical  benefit  – no.  (%) 32  (72)

Best  response  – no.  (%)

sCR 3  (7)

CR 1  (2)

VGPR 9  (20)

PR 16  (36)

MR 3  (7)

Adverse Events Grade >  3  

Neutropenia 42

Anemia 21

Thrombocytopenia 13

Lymphopenia 15

Fatigue 15

Hyperglycemia 21

Dizziness 4

URT  Infection 6

Dyspnea 2

Muscle  Spasms 2

Rash 8

Infection   4

Pneumonia 15

Hypotension 2

Arrythmia 4

Pneumonitis 2

Hypothyroidism 4

Adrenal Insufficiency 2

Hepatitis 2

Summary  of  Responses

Conclusion:  
• Pembrolizumab,  Pomalidomide  and  Dexamethasone  

has  impressive  anti-­myeloma  activity.  
• Side  effects  were  manageable  but  high  (50%;;  10%  

discontinuation).  
• Future  studies  to  better  understand  the  PD-­1  pathway  

in  MM  is  needed.  

Badros,	
  et	
  al.	
  ASH 21



Data  cutoff  June  2,  2017,  Randomized  249;;  Med  F/U  8.1  mos.

Events Pembro +  PomD PomD

ORR 34% 40%

CTC  Gr  3-­5  Toxicity 83% 65%

SAE 63% 46%

Non-­disease  progression  causes  of  death  were  identified  in  the  pembrolizumab  arm:  myocarditis,  
Stevens-­Johnson  syndrome,  myocardial  infarction,  pericardial  hemorrhage,  cardiac  failure,  respiratory  
tract  infection,  neutropenic  sepsis,  sepsis,  multiple  organ  dysfunction,  respiratory  failure,  and  unknown

https://www.fda.gov/Drugs/DrugSafety/ucm574305.htm.

Keynote-­183:  Phase  III,  Randomized  Trial  in  Relapsed/Refractory  MM
Pomalidomide,  Dexamethasone  +/-­ Pembrolizumab

No	
  Improved	
  Efficacy	
  

More	
  Side	
  Effects	
  

STOP	
  Study	
  



Figure  5.  CD8+  T  cell  activation  
measured  by  IFN-­γ,  TNF-­α  and  
IL2    before  and  after  double  
checkpoint  inhibitor  therapy
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Figure  4.  Clinical  response  of  a  MM  patient  showing  complete  response
M-­spike  after  double  checkpoint  inhibitor  (anti-­CTLA4  +anti-­PD-­1)  therapy.

M
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VCD	x	1
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V-DCEP

Trametinib	+	
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ASCT

Nivo+	Rev	x	4

High  Risk: complex  karyotype  (>5  abnormalities)  with  t(4;;14)  and  del  TP53
High  recurrence  score  by  gene  expression  profiling  (MyPRS Score  >67)

Future:  Immuno-­oncology:  CTLA-­4  and  PD1  Antibodies  

Parekh	
  S,	
  Cho	
  HJ	
  et	
  al.	
  IMW	
  2017 23
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Future:  Immuno-­oncology

• Autologous  T-­cells  engineered  
to  express  a  T-­cell  receptor  that  
specifically  targets  an  antigen  
(BCMA)  on  the  myeloma  cells

• C11D5.3  scFv
• Transduced  using  a  lenti-­viral vector
• 4-­1BB  Co-­signaling  domain  has  been  
selected  to  promote  CAR-­T  
proliferation  and  survival

• Limited  antigen-­independent  tonic  
activity  
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Future:  Immuno-­oncology:  CAR-­T  Cell  for  Refractory  MM

Berdeja	
  et	
  al.	
  JCO	
  2017;35:15(suppl),	
  3010-­‐3010

u 38  year  old  man  with  advanced,  refractory  multiple  myeloma,  kappa  light  chain  disease.

u Treated  from    January  2014  until  now  with  all  approved  chemotherapy  agents  and  4  autologous  stem  cell  transplants!  
Exposed  to  Proteasome  Inhibitors  (Velcade/Carfilzomib)  IMiDs (Thalidomide,  Lenalidomide,  Pomalidomide),  antibodies  

(Elotuzumab,  Daratumumab),  unapproved  agents  (Mekenist,  Nivolumab and  Venetoclax)
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LCAR-­B38M  CAR-­T  Cell  

Fan	
  et	
  al.	
  ASCO	
  2017
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Bispecifics and  BITE  against  BCMA

Janssen	
  Molecule#	
  JNJ-­‐64007957	
  	
  

Amgen	
  Molecule#	
  701



GSK2857916  Anti-­BCMA    An  Antibody  Drug  Conjugate

• Safe	
  and	
  effective	
  dose	
  3.4	
  mg/kg	
  every	
  3	
  weeks
• Response	
  66.7%	
  including	
  stringent	
  CR	
  lasting	
  6+	
  months
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Thank  you

• Patients  with  myeloma  are  living  longer  and  some  are  cured
• New  drugs  have  paved  the  way
• Immuno-­oncology  is  promising
• Clinical  Trials  are  essential  for  progress
• We  are  finding  solutions  for  all  patients



Selected  Phase  III  Trials  in  Relapsed  Disease

Name	
  of	
  trial No.	
  prior	
  lines Arm N PFS
(months) ORR ≥VGPR ≥CR

ENDEAVOR 1-­‐3 Kd 464 18.7 77% 54% 13%
Vd 465 9.4 63% 29% 6%

TOURMALINE-­‐MM1 1-­‐3 IRd 360 20.6 78% 48% 12%
Rd 362 14.7 72% 39% 7%

ELOQUENT-­‐2 1-­‐3 Elo-­‐Rd 321 19.4 79% 33% 4%
Rd 325 14.9 66% 28% 7%

ASPIRE 1-­‐3 KRd 396 26.3 87% 70% 32%
Rd 396 17.6 67% 40% 9%

PANORAMA	
  1 1-­‐3 Pano-­‐Vd 387 11.99 61% 11%
Vd 381 8.08 55% 6%

NIMBUS	
  (MM-­‐003) ≥2§ Pd 302 4.0 31% 6% 1%
D 153 1.9 10% 1% 0%

CASTOR ≥1 Vd-­‐dara 251 NE 82.9% 59.2% 19.2%

Vd 247 7.2 63.2% 29.1% 9%

POLLUX ≥1 Rd-­‐dara 286 NE 93% 76% 43%
Rd 283 18.4 76% 44% 19%

30

K	
  – Carfilzomib I	
  – ixazomib	
   Elo	
  – Elotuzumab	
  
V	
  – Bortezomib R	
  – Lenalidomide	
   dara -­‐ Daratumumab	
  
D	
  – Dexamethasone	
  	
   P	
  – Pomalidomide	
   Pano – Panobinostat	
  



Data  cutoff  June  2,  2017,  Randomized  249;;  Med  F/U  8.1  mos.

Events Pembro +  PomD PomD

ORR 34% 40%

CTC  Gr  3-­5  Toxicity 83% 65%

SAE 63% 46%

Non-­disease  progression  causes  of  death  were  identified  in  the  pembrolizumab  arm:  myocarditis,  
Stevens-­Johnson  syndrome,  myocardial  infarction,  pericardial  hemorrhage,  cardiac  failure,  respiratory  
tract  infection,  neutropenic  sepsis,  sepsis,  multiple  organ  dysfunction,  respiratory  failure,  and  unknown

https://www.fda.gov/Drugs/DrugSafety/ucm574305.htm.

Keynote-­183:  Phase  III,  Randomized  Trial  in  Relapsed/Refractory  MM
Pomalidomide,  Dexamethasone  +/-­ Pembrolizumab



Keynote-­185:  Phase  III,  Randomized  Trial  in  Newly  Diagnosed  MM
Lenalidomide,  Dexamethasone  +/-­ Pembrolizumab

Transplant  ineligible  patients;;  Data  cutoff  June  2,  2017,  Randomized  301;;  Med  F/U  6.6  mos.

Non-­disease  progression  causes  of  death  were  identified  in  the  pembrolizumab  arm:  intestinal  ischemia,  
cardio-­respiratory  arrest,  suicide,  pulmonary  embolism,  cardiac  arrest,  pneumonia,  sudden  death,  
myocarditis,  large  intestine  perforation,  and  cardiac  failure.

https://www.fda.gov/Drugs/DrugSafety/ucm574305.htm.

Events Pembro +  RD RD

ORR 64% 62%

CTC  Gr  3-­5  Toxicity 72% 50%

SAE 54% 39%
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Lenalidomide,  Dexamethasone  +/-­ Pembrolizumab

Transplant  ineligible  patients;;  Data  cutoff  June  2,  2017,  Randomized  301;;  Med  F/U  6.6  mos.

Non-­disease  progression  causes  of  death  were  identified  in  the  pembrolizumab  arm:  intestinal  ischemia,  
cardio-­respiratory  arrest,  suicide,  pulmonary  embolism,  cardiac  arrest,  pneumonia,  sudden  death,  
myocarditis,  large  intestine  perforation,  and  cardiac  failure.

https://www.fda.gov/Drugs/DrugSafety/ucm574305.htm.

Events Pembro +  RD RD

ORR 64% 62%

CTC  Gr  3-­5  Toxicity 72% 50%

SAE 54% 39%
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Fig.	
  1	
  Schema	
  of	
  the	
  analysis	
  pipeline.	
  The	
  left	
  panel	
  
(orange)	
  illustrates	
  the	
  DNA	
  processing	
  flow.	
  DNA	
  is	
  
extracted	
  from	
  CD138+	
  tumor	
  cells	
  from	
  bone	
  marrow	
  and	
  
CD3+	
  or	
  granulocytes	
  from	
  peripheral	
  blood	
  as	
  a	
  control.	
  
Whole-­‐exome	
  and/or	
  targeted	
  panel	
  sequencing	
  is	
  
performed	
  and	
  the	
  obtained	
  reads	
  are	
  mapped	
  to	
  the	
  
reference	
  genome	
  and	
  analyzed	
  for	
  the	
  identification	
  of	
  
somatic	
  mutations	
  and	
  copy	
  number	
  alterations,	
  which	
  are	
  
then	
  prioritized	
  based	
  on	
  their	
  deleteriousness	
  and	
  
actionability.	
  The	
  right	
  panel	
  (blue)	
  illustrates	
  the	
  RNA	
  
processing	
  flow.	
  RNA	
  is	
  extracted	
  from	
  CD138+	
  tumor	
  cells	
  
and	
  RNA	
  seq	
  is	
  performed.	
  The	
  obtained	
  reads	
  are	
  mapped	
  
to	
  the	
  reference	
  genome	
  and	
  summarized	
  at	
  the	
  gene	
  level.	
  
Gene	
  expression	
  analysis	
  is	
  then	
  performed	
  to	
  calculate	
  
outlier	
  genes,	
  pathway	
  activation	
  and	
  drug	
  repurposing	
  
through	
  inverse	
  match	
  with	
  drug-­‐induced	
  gene	
  expression	
  
profiles.	
  DNA-­‐ and	
  RNA-­‐based	
  drug	
  recommendations	
  are	
  
then	
  ranked	
  and	
  summarized	
  in	
  reports.



Fig.	
  7	
  Schema	
  of	
  the	
  clinical	
  trial	
  pipeline	
  and	
  responses.	
  


