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Secondary Cytogenetic
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Occur with progression

Trisomies/IgH 
Translocations

Establishment of the clone

Secondary Cytogenetic
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Del(17p), Gain(1q)

Progression of MGUS to Myeloma



Revised IMWG Criteria for Myeloma

• Clonal plasma
disorder AND

cell
•
•
•

< 10% BMPC AND •
•
•

10-60% BMPC OR
≥ 3 g/dL M protein
No MDE

< 3 g/dL M protein
No MDE

• 1 or more MDE
•
•
•
•

CRAB
≥ 60% BMPC
≥ 100 FLC ratio
> 1 MRI focal lesion

No MDE MDE 

MDE= Myeloma Defining Events
CRAB= Hypercalcemia, renal failure, anemia, or lytic bone lesions attributable to a clonal plasma cell disorder

Rajkumar. Lancet Oncol. 2014; 15: PE538.

MGUS                               SMM                                                MM



Molecular Classification of Myeloma

 t(14;16) (C-MAF)

*~10% have both trisomies and IgH translocations
Kumar. Blood. 2012;119:2100. Rajkumar SV © 2018

 Trisomies*  t(11;14) (CCND1)
 t(6;14) (CCND3)

 t(4;14) (FGFR3, MMSET)

 t(14;20) (MAF-B)

Trisomic MM IgH Translocations



Cytogenetic Risk Stratification of Myeloma

 t(14;16) (C-MAF)

•
•

Double-Hit Myeloma = Any 2 high risk abnormalities
Triple-Hit Myeloma =  3 or more high risk abnormalities

Rajkumar SV © 2018
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del 17p, p53 mutations, gain 1q

 Trisomies*  t(11;14) (CCND1)
 t(6;14) (CCND3)

 t(4;14) (FGFR3, MMSET)

 t(14;20) (MAF-B)

Disease Aggressiveness



Revised International Staging System

Stage Frequency
(% of patients)

5-year survival
rate (%)

Stage I

 Serum albumin >3.5
 Serum beta-2-microglobulin <3.5
 No high risk cytogenetics
 Normal LDH

28% 82%

62% 62%Stage II
 Neither stage I or III

Stage III

 Serum beta-2-microglobulin >5.5 and
 High-risk cytogenetics [t(4;14), t(14;16), or

del(17p)] or elevated LDH

10% 40%

Palumbo. J Clin Oncol. 2015;33:2863.



Myeloma Treatment options 



Frontline Treatment of Myeloma

Newly Diagnosed MM*

Not Transplant Candidate Transplant Candidate

VRd§ x 3-4 cycles
Rd

(frail, age ≥ 75)*VRd§

AutoSCT
Maintenance

(Len for std risk;
Bortez for high risk)

VRd x 4 cycles
Maintenance
Delayed ASCT

*Based on CALGB 100104, S0777, IFM-DFCI, CTN 0702 HOVON
§ VTd/VCd if VRd not available

Rajkumar SV. 2016.



SWOG 0777 Trial

Durie. Lancet. 2017;389:519. Durie. ASH 2018. Abstr 1992.



SWOG 0777 Trial
Updated Response Results*

*Both SWOG and IRC stratified Cochran-Mantel-Haenszel analyses indicated improved responses
with RVd (odds ratio: 0.528, P =.006 [ITT]; odds ratio: 0.38, P = .001 [sensitivity analysis])
**Both SWOG and IRC assessments

Durie. Lancet. 2017;389:519. Durie. ASH 2018. Abstr 1992.

VRd                                                    Rd
(n = 215)                                            (n = 207)

Complete response (CR)                              24.2% (52)                                         12.1% (25)

Very good partial response (VGPR)                    50.7% (109)                                        41.1% (85)

VGPR or better                         74.9%                                 53.2%
Partial response (PR)                                15.3% (33)                                         25.6% (53)

Overall Response Rate              90.2% (194)                        78.8% (163) 
(ORR)

Stable disease (SD)                                   7.0% (15)                                          16.4% (34)

PD or death                                          2.8% (6)                                            4.8% (10)



SWOG 0777: Progression-Free Survival

100%
|

Median
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SWOG 0777: Overall Survival
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||

VRd: 55% OS at 7 years

Rd
VRd

|

Deaths / N
125 / 225
102 / 235

*P-value =

CURRENT ELIGIBILITY (N = 460) – CURRENT DATA



In 2018/2019:

Achievement of MRD undetected status at
10-6 is the goal of therapy.



Concept to Influence Decisions

Lahuerta. J Clin Oncol. 2017;35:2900.

True value of CR comes from the MRD status



MAJOR GOAL OF I2TEAMM SUBMISSIONS

MRD approved by FDA and EMA as
surrogate endpoint for myeloma

FDA meeting December 11th, 2018

Trials included:
•    IFM 2009
•    EMN/Hovon
•    MM05 [Heidelberg]
•    STAMINA
•    MRC
•    Clarion
•    CASTOR/POLLUX
•    C16010
•    IXA maintenance: C16019



Frontline Treatment of Myeloma
Non-Transplant Candidate: Off-Study

t(11;14), t(6;14), Trisomies t(4;14), t(14;16), t(14;20), del(17p)

VRd for ~12 months;
If frail: Rd* VRd for ~12 months

Bortezomib-based maintenance
until progression¶Rd for at least 1 year*,§

*In patients treated initially with Rd, continuing treatment until progression is an options for patients responding well with low toxicities
§ Dex is usually discontinued after first year
¶Duration based on tolerance; consider risks and benefits for treatment beyond 3 years

Dispenzieri. Mayo Clin Proc. 2007;82:323; Kumar. Mayo Clin Proc. 2009;84:1095. Mikhael. Mayo Clin Proc. 2013;88:360. v14 ///last reviewed May 2018



ALCYONE Study Design

Mateos. NEJM. 2018; 378:518.



Efficacy: PFS

18-month PFSa12-month PFSa

100
87%

• Median follow-up:
16.5 months
(range: 0.1-28.1)

80 72%

76%
D-VMP

Median: not reached
60

• Consistent PFS
treatment benefit 
across subgroups

40 50%
VMP

Median: 18.1 mo20
HR, 0.50

% CI, 0.38-0.65; P <0.0001)
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50% reduction in the risk of progression or death in patients receiving D-VMP

Mateos. NEJM. 2018; 378:518.
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10-5Efficacy: ORR and MRD (NGS; Threshold)

22

6

VMP (n = 356) D-VMP (n = 350)VMP (n = 356) D-VMP (n = 350)

Mateos. NEJM. 2018; 378:518.



Updates at ASH 2018

• LBA-2 Phase 3 dara/len/dex (dara Rd) versus len/dex (Rd)
NDMM not eligible for transplant

Facon. ASH 2018. Abstract LBA-2.



Initial Treatment of Myeloma
Transplant Candidate: Off-Study

Dispenzieri. Mayo Clin Proc. 2007;82:323; Kumar. Mayo Clin Proc. 2009;84:1095; Mikhael. Mayo Clin Proc. 2013;88:360. v14 ///last reviewed May 2018



Controversies in 2018/2019

Triplets:
• KRd/KCd/KTd

• Dara-Rd or Vd or Cyd or Td

• IxaRd/IxaCyD/IxaTd (also combos
if feasible)

with elotuzumab or pomalidomide

Four-drug combos:
• Dara Rd + K or Ixa triplets

• Globally, Dara + VRd/VTd/VCd or VMP



New Agents in Frontline Setting

• Daratumumab (or isatuximab): Add to create 4-drug combo?

• Venetoclax (or Mcl-1 inhibitions): Add if t(11;14) present?

• CAR T or BiTEs: Consider adding early in high risk and/or with
suboptimal response?



Can CAR T Therapy Be Introduced Early?

•  Can consider harvesting T-cells early!

Potential of great efficiency BUT concerns about 
both short term and long-term toxicities.



Need New Response Criteria to Encompass Very Rapid Responses

• MRD assessment at 1, 3, 6 and 12 months

• Consider adding mass spec for M-component monitoring

• Define “sustained response” as endpoint



Treatment after induction for transplant-eligible 
patients 

















































XPO1-Inhibitor Selinexor in RRMM. Summary of Phase I data

First-in-class, oral Selective Inhibitor of Nuclear Export (SINE) that inhibits XPO1 and activates tumor suppressor proteins &  
reduces oncoproteins

• Cancer cells (and MM) overexpress XPO1, causing increased export of  
tumor suppressors and growth regulatory proteins from thenucleus

• Selinexor inhibit XPO1 mediated nuclear-cytoplasmic transport by  
transiently binding to XPO1 cargo bindingsite.

• Accumulation of Tumor suppressors in the nucleus amplifies the natural  
apoptotic function in cancer cells withdamaged DNA.

Tai et al. Leukemia2014

PHASE I OF SELINEXOR PLUS/MINUS DEX INRRMM

- Single agent (oral:3-45 mg twice/ w)…. 17% MR, Chen et al. ASH2014

Main AEs: Anorexia, nausea/vomiting, fatigue, thrombocytopenia.

- +Dex (n=122) (STORM)…….…………...............26% ORR (Pent a-Refrct) PFS: 3,7m Vogl et al. JCO 2018; Chari ASH 2018 (Abs 598)

AEs: nausea 73%, vomiting 49%, anorexia 49%, thrombocytopenia 73% /59% gr 3-4)

- + Bortz/dex (n=42)…................................. 63% (43% in Btz Rfct) (PFS: 9 (6,1)m )Bahlis NJ, Blood 2018, (PH III BOSTON trial ongoing)

AEs: anorexia 33%, nausea 67%, Thrombocytopenia 17%

- + Pom/dex (n=24)…................................. 65% % in Pom Naive/Len R (29% in Pom/Len Rft). Chen et al, ASH 2017)

- + Dara/dex (n=25)…................................. 74% % in double Rft. Gasparetto et al, ASH 2018, Abs 599)



Venetoclax (bcl-2 inhibitor) in RRMM. Summary of Ph1 data

1. Roberts AW et al. NEJM2015
2. Punnoose E et al. Mol Cancer Ther2016

 Venetoclax is a selective, orally available small molecule BCL-2 inhibitor1,induces cell death in multiple myeloma (MM) cell lines and primary  
samples, particularly those positive for the translocation t(11;14), which correlates with higher ratios of BCL2 to MCL1 and BCL2 to BCL2L1  
(BCL-XL) mRNA1,

- Monotherapy (n=66) ( 61% double Ref) …......... ORR 21% (40% in t(11;14) DOR:9.7m
G 3-4 AEs: thrombocytopenia (26%) & neutropenia (21%)

- +Btz/Dex (n=66) ….................................. ORR 67% (90% in BTz sensitive & 94% in BCL2high)
G3-4 AEs: Thrombocytopenia (29%), anemia (15%), neutropenia (14%),

- +Cfz/Dex (n=42) (33% double Ref)…...................ORR 78% (PFS: 5,7m. The VGPR in t(11,14):88%)
Kumar, et al.Blood2017;130:2401-09,Moreau P, et al.Blood2017130:2392-4;Costaet al ASH 2018,Abst 303



Monoclonal Antibodies: Futures Perspectives

*

Mackall CL, et al. Nat Rev Clin Oncol 2014;11:693-703.

MMAF, monomethyl auristatin F; DM1, maytansinoid N(2’)- deacetyl-N(2’)-(3-mercapto-1-oxopropyl)-maytansine.

Toxin,
Chemotherapeutic agent  

or radioisotope

Conjugated mAb:
GSK2857916: BCMA – MMAF*  
AMG 224: BCMA – DM1  
STRO-001: CD74-DBCO

*35 patients (Trudel S, et al. Blood 2017;130:741)

ORR: 60% (43% previous dara) PFS: 7.9m
63% corneal events most G1-2

To overcome the limitations of an  
immunosuppressive tumor microenvironment  
by linking CTLs with the tumor cell.

Bispecific T-cell engagers:  
BCMA–CD3 Phase I trials

˗ AMG 420: 35 pts: (Topp et al ASH 2018,1010))
28% ORR (6CR). 83% ORR at MTD (including MRD-)
SAE: 49% (infections ); CRS (3cases).



BCMA CAR T-Cells in MM

Trial site ScFv
Co-s  

domain
Gene  

transfer
Conditioning  

therapy
T-cell dose  

CAR+ T-cells/kg

NCI 11D5-3 CD28 ϒ- retroviral
Cy 300 mg/m2 x3 +  

Flu 30 mg/m2x3 0.3–9.0 x 106

Bluebird  
Celgene

NR,
murine

4-1BB Lentiviral
Cy 300 mg/m² x3 +  

Flu 30 mg/m² x3
50, 150, 450 and 800 x 106

University of  
Pennsylvania

NR,
human 4-1BB Lentiviral

None or  
Cy 1.5 g/m²

10–50 x 106

or 100–500 x 106

Nanjing Legend  
Biotech

NR NR Lentiviral Cy 300 mg/m² x3 1.5–7.0 × 106

Memorial Sloan  
Kettering Cancer  

Center

NR,
human 4-1BB ϒ- retroviral

Cy 3000 mg/m² or  
Cy 300 mg/m² x 3 +  

Flu 30 mg/m² x3

1x106

150, 450 and 800 x 106

This slide is provided for ease of viewing information from multiple trials. Direct comparison between trials is not intended and should not be inferred.  
ScFv, single-chain fragment variable.



BCMA CAR T-cell Therapies for MM

wing information from multiple trials. Direct compari
RS, cytokine release syndrome; MM, multiple myelo

son between trials is not intended and should not be inf
ma; CR, complete response; ORR, overall response r

erred.
ate; PR, partial response; sCR, stringent complete response, VGPR, very good partial response, PR,

1. Ali A, et al. Presented at ASH 2015. Abstract LBA 1; 2. Raje NS, et al. JCO. 2018;36:(suppl; abstr 8007); 3. Cohen AD, et al. Blood 2017;130:505.; 4. Zhang W, et al. Presented at EHA 2017. Abstract
S103.

Anti-BCMA CAR1  

NCT02215967
Bb21212  

NCT02658929
CART-BCMA3  

NCT02546167
LCAR-B38M4  

NCT03090659

Group/company NIH Bluebird/Celgene
University of Pennsylvania/  

Novartis
Nanjing Legend  

Biotech

Patients
16 patients at 9x106/kg  

dose level 22 (>150 x106 cells)

21 (3 cohorts):
9 (10-500 x 106, No Cyt)
5 (10–50 x 106 ,Cyt)
7 (5 (100–500 x 106 ,Cyt)

57

BCMAexpression
required? Yes

Yes; ≥ 50% BCMA
expression No Yes

Median prior lines
of therapy

7 7 7 (3–11) 3

Reported efficacy

ORR 14/16 (81%)

11/14 (79%) MRD-

EFS: 7.2 months

86.4% ≥VGPR

(50% sCR/CR)

PFS: 11.8 months

#1: 67% (1 sCR, 1VGPR)

#2: (40%) 1 PR, 1 MR both PD

#3: (83%) 1 CR, 3 PR, 1 MR

ORR: 88%
CR: 74%  

MRD-: 93% of CR
PFS:15m

Safety data
This slide is provided for ease of
vie
BCMA, B-cell maturation antigen; C  
partial response

CRS all grades:100%,  
37%G3-4

CRS all grades: 63%
2 events of CRS grade ≥3
resolved within 24 hours

CRS: 17 pts (grade 3: 32%)
Neurotoxicity: 3 (2 grade 4)  
1 death – PD candidaemia

Transient CRS (5,7%  
G3)

No neurotoxicity

Abstracts ASH 2018: 488, 955-7, 959, 960, 1009, 1011-14



Safety Concerns Regarding CAR T-Cell Therapy

CRS is the most common  
toxicity triggered by the  
activation of T-cells and  
bystander immune cells
→ release of cytokines and
chemokines: IFN-γ, soluble
IL-2R, IL-6, etc

CRS, cytokine release syndrome, ( Tocilizumab & Corticosteroids) CRES, CAR T-cell-related encephalopathy syndrome,

GVHD, graft-versus-host disease, HLH, haemophagocytic lymphohistiocytosis, MAS, macrophage activation syndrome.

Off target  
effects

(B-cell aplasia)

CRS  
40–100%

(severe
~20–30%)

Tumour  
lysis  

syndrome

HLH/  
MAS

Neurological  
toxicities  

(CRES) GVHD



Improvements of CAR T-Cell Therapies
Limitation Potential Improvements

Immunological  
rejection & safety

• Humanised CARs to reduce immunogenicity

• Allogeneic CAR T: Gene editing (CRISPR/Cas9) of normal donor T-cells to remove naive  
TCR ( to avoid GVHD) and transfection with a CAR with post-conditioning vaccination to  
improve memory

• Safety marker gene to extinguish the CAR-T activity.

Immune system  
limitations

• Rational combination strategies : Checkpoint inhibitors, IMiDs, BTK inhibitors

Efficacy & antigen  
escape

• Bi-specific CAR (e.g. CD19, CD123, BCMA, SLAMF7)

• Use of specific T-cell subpopulations (from naive to central memory and to terminal  
effector T-cells)

• APRIL as the natural BCMA/TACI ligand instead of the Ab (anti-BCMA)

• Antibody-Coupled T-Cell Receptor (ACTR): engages antibody to direct T-cell attack  
against many different Ags

• Armored CAR (2nd gene that generate a cytokine: i.e. IL12)

AICD, activation-induced cell death, ScFv, single-chain fragment variable, TRAC, T-cell receptor α constant.
Brudno JN & Kochenderfer JN. Nat Rev Clin Oncol 2018;15:31–46.



2019 Algorithms

•
•

•

Clinical Trials preferred

Only commercially available options

Assumes all drugs available



When Should Treatment Be Initiated?
Potential New Myeloma or Smoldering Myeloma

No Myeloma Defining Events (SMM)

Any Myeloma Defining Events?
•
•
•
•

CRAB,
>60% PC, 
FLC >100, 
MRI >1 focal

Low Risk SMM
(~5% per year PD)

High Risk SMM
(Median TTP ~2 years)

Evolving, or
Many high risk 

factors

Consider
Treat as Myeloma

Clinical Trials ObservationTreat as Myeloma

Rajkumar SV, Landgren O, Mateos MV. Blood 2015



Myeloma: Frontline Treatment
Newly Diagnosed MM*

Not Transplant Candidate Transplant Candidate

VRd§ x 3-4 cyclesVRd x 8-12 cycles§

R or Rd maintenance
§ VTd/VCd

if VRd not available

Rd (If frail)

AutoSCT
Maintenance

(Len for std risk;
Bortez for high risk)

VRd x 4 cycles
Len Maintenance

Delayed ASCT

*Based on CALGB 100104, S0777, IFM-DFCI, CTN 0702 HOVON Rajkumar SV. 2019.



Myeloma: First Relapse

Relapse¶First

Not Refractory to Lenalidomide* Refractory to Lenalidomide

KRd

Frail: IRd, ERd

VCd, KPd, EPd

Frail: Pd, IPd
DRd DVd, DPd

*Relapse occurring while off all therapy, or while on small doses of single-agent lenalidomide, or on bortezomib maintenance

¶ Consider salvage auto transplant in eligible patients

Rajkumar SV, Kyle RA. Progress in Myeloma: A Monoclonal Breakthrough. N Engl J Med 2016;375:1390-1392 Rajkumar SV. 2019.



Myeloma: Second or Higher Relapse

• Melphalan

• Bendamustine-based regimens

Rajkumar SV. 2019.

Any first relapse options 
that have not been tried

(2 new drugs; triplet preferred)

•  VDT-PACE like regimens

•  Venetoclax (t11;14)

•  Adding Panobinostat
•  Quadruplet regimens

Additional OptionsFirst-Relapse Options


