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Diagnosis and Work Up
Assessment of MRD needs to be thought 
of from the moment of diagnosis





Upfront Treatment



Dispenzieri A et al. Blood 2013;122:4172-4181. ©2013 by American Society of Hematology

Treatment Indications

• *Consider including patients with the following FISH: deletion 17p, t(4;14), and 1q21 
gains as active MM; this population could account for as many as 30% of SMM patients. 
§Consider using more than 1 fluorodeox.
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1. Palumbo A, et al. J Clin Oncol. 2015;33:2863-2869; 2. Costa LJ, Usmani SZ. J Natl Compr Canc Netw. 2020;18(12):1730-1737. 

Staging and Cytogenetic Risk-Assessment
Stage1 R-ISS1

I
Serum albumin ≥3.5 g/dL-1

Serum β2M <3.5 mg/L-1

No high-risk cytogenetics
Normal LDH level

II Not stage I or III

III
Serum β2M >5.5 mg/L-1

High-risk cytogenetics: t(4;14), t(4;16), or 
del(17p) or elevated LDH

Risk2 Features

Standard
Trisomies
t(11;14)
t(6;14)

High

t(4;14)
t(14;16)
t(14;20)
Del(17p)

p53 mutation
Gain/Amp 1q

High plasma cell S-phase
GEP high-risk signatures
Circulating Plasma Cells

Elevated LDH/EMD

Ultra-High Risk 2 or more features



Induction Therapy has Changed Over 
the Last 40 Years

Induction Consolidation

Front-line treatment

Maintenance

Maintenance

Rescue

Relapsed

1980-VAD

1990 -IMID:Thal Dex
2000 Triplet IMID Proteosome Inhibitor Dex 

2020 Quadruplet? 

High Dose Melphalan
Auto SCT

Observation
IMID: Thal-Len

Proteosome Inh: Bor
Steroids: Dex-Pred

Antibodies

IMID: Thal-Len-Pom
Proteosome Inh: Bor-Car

Steroids: Dex-Pred
Alkylators: Mel-Cy-Benda

Antibodies
Investigational

CAR T Cells
Belantemab (anti BCMA drug conjugate)

aTransplant eligible patients.
Bor = bortezomib; Dex = dexamethasone; Dox = doxorubicin; Thal = thalidomide; Len = lenalidomide; 
SCT = stem-cell transplant; Pred = prednisone; Lipo/Dox = liposomal doxorubicin.
NCCN Clinical Practice Guidelines v2.2014.



GRIFFIN 2-yr Maintenance Update

Transplant-
eligible adults 
with NDMM, 
ECOG ≤ 2, 
and CrCL ≥ 
30 mL/min
(N = 207)

Randomized 1:1

D-RVd in 21-day cycles
D: 16 mg/kg IV D1, 8, 15

V: 1.3 mg/m2 SC D1, 4, 8, 11
R: 25 mg PO D1-14

d: 20 mg PO D1, 2, 8, 9, 15, 16
(n = 104)

RVd in 21-day cycles
V: 1.3 mg/m2 SC D1, 4, 8, 11

R: 25 mg PO D1-14
d: 20 mg PO D1, 2, 8, 9, 15, 16

(n = 103)

Induction: Cycles 1-4

A
H
C
T

Consolidation: Cycles 5-6† †

D-RVd 
21-day cycles

D: 16 mg/kg IV D1
VRd: as in induction

RVd in 21-day cycles
VRd: as in induction

R in 28-day cycles
R: 10 mg PO D1-21 of C7-9 

and 15 mg PO D1-21 of C10+ 

D-R in 28-day cycles
D: as in consolidation Q4W or 

Q8W
R: 10 mg PO D1-21 of C7-9 

and 15 mg PO D1-21 of C10+ 

Maintenance: Cycles 7-32‡

†Consolidation began 60-100 days after transplant. ‡Patients completing maintenance phase were permitted to continue single-agent lenalidomide.

§ Primary endpoint: sCR by end of consolidation with 1-sided α = 0.1
§ Key secondary endpoints: rates of MRD negativity, ORR, ≥VGPR, CR, PFS, OS

Laubach. ASH 2021. Abstr 79.



GRIFFIN: Responses Deepened Over Time
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≥CR:
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20%
≥CR:
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61%

sCR,P=0.0096b
≥CR, P=0.0013b

End of
inductionc

End of
ASCTc

End of
consolidationc

At After
1 year of 2 years of

maintenanced maintenanced

≥CR:
19% ≥CR:

27%
≥CR:
52% 63

≥CR:
80% ≥CR:

82%

RVd
VGPR PR SD/PD/NE

D-RVd
sCR CR VGPR PR SD/PD/NE sCR CR

Laubach. ASH 2021. Abstr 79.

Response rates of sCR and ≥CR were greater for D-RVd versus RVd all time points, with the deepest 
responses occurring after 2 years of maintenance therapy 



GRIFFIN 2-yr Maintenance Update

Laubach. ASH 2021. Abstr 79.

MRD Negativity After 24-Mo Maintenance, % D-VRd (n = 104) VRd (n = 103) P Value

MRD at 10-5 threshold, %
§ ITT population
§ ≥CR

64
78

30
47

<.0001
.0003

MRD at 10-6 threshold, %
§ ITT population
§ ≥CR

36
43

15
22

.0007

.0121

Sustained MRD negativity lasting ≥12 mo, % 44.2 12.6 <.0001



GRIFFIN 2-yr Maintenance Update: PFS in ITT Population

Laubach. ASH 2021. Abstr 79. 18
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No. at risk
RVd 103 93 77 72 69 67 62 60 58 52 50 45 34 19 9 2 0

D-
RVd

104 97 93 89 89 88 86 85 81 81 79 67 50 29 11 2 0

HR: 0.46 (95% CI: 0.21-1.01)

0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48
Months

2-year 
PFSrate

3-year 
PFSrate

D-RVd

RVd

91.6%

89.7% 81.2%

88.9%

Median follow-up: 38.6 months

• Median PFS was not 
reached in either group

• There is a positive trend 
toward improved PFS 
for D-RVd/DR vs RVd/R

• Separation of the PFS 
curves begins beyond 1 
yr of maintenance and 
suggests a benefit of 
prolonged DR therapy



MASTER trial

Costa. ASH 2021. Abstr 481.

MRD assessment by NGS

Dara-KRd 
• Daratumumab 16 mg/m2 days 1, 8, 15, 22 (days 1,15 C 3-6; day 1 C >6)
• Carfilzomib (20) 56 mg/m2 Days 1, 8, 15
• Lenalidomide 25 mg Days 1-21
• Dexamethasone 40mg PO Days 1, 8, 15, 22

Dara-KRd x 4

Induction

M
RD

→

Lenalidomide 
Maintenance

AHCT Dara-KRd x 4

Consolidation

Dara-KRd x 4

Consolidation 

M
RD

→

M
RD

→

M
RD

→

”MRD-SURE” -Treatment-free observation and MRD surveillance*

2nd MRD (-)
(<10-5)

2nd MRD (-)
(<10-5)

2nd MRD (-)
(<10-5)

*24 and 72 weeks after completion of therapy



MASTER trial

Costa. ASH 2021. Abstr 481.

HRCA = gain/amp 1q, t(4;14), t(14;16), t(14;20) or del(17p) 



Observation/MRD surveillance

MASTER trial

Dara-KRd x 4

Induction

M
RD
®

Lenalidomide 
Maintenance

AHCT Dara-KRd x 4

Consolidation

Dara-KRd x 4

Consolidation 

M
RD
®

M
RD
®

M
RD
®

Treatment-free observation and MRD surveillance*

2nd MRD (-)
(<10-5)

2nd MRD (-)
(<10-5)

2nd MRD (-)
(<10-5)

Induction Consolidation Consolidation 38 2
4

1
6

5 3 2

14 (37%) 11 (69%) 1 (33%)

• 26 patients (19 SR, 7 HR) have reached confirmed MRD (-) and entered observation/MRD 
surveillance.

• Median follow up on observation 4.9 months (0.2-12.2) - No relapse or resurgence of MRD

*24 and 72 weeks after completion of therapy



IFM 2009 Study design

RVd 21d cycles
. Lenalidomide 25 mg/d: D1-D14
. Bortezomib 1.3 mg/m2 D1, D4, D8, D11
. Dexamethasone 20 mg/d: D1, D2, D4, 
D5, D8, D9, D11, D12

700 patients randomized stratified on ISS and FISH

PBSC collection (cyclophosphamide 3g/m2 and GCSF 10 μg/kg/d)

Arm A – RVD alone Arm B - Transplantation

Lenalidomide maintenance 13 cycles (10-15 mg/d) 

HD Melphalan 200 mg/m2 + 
ASCT 

2 RVD

3 RVD3 RVD

5 RVD

M Attal et al, N Engl J Med 2017

Primary endpoint = PFS

Secondary endpoints  
. ORR, MRD
. TTP
. OS
. Toxicity



Subgroup analyses

Transplant is superior to VRD alone, even in patients who achieved undetectable MRD at 10-6

Median follow up 89.8 months

20.4 %

29.79 %

0
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40

50

MRD negativity rate

RVD alone Transplant

p 0.01



THE DETERMINATION STUDY







Important Considerations

• Induction cycles: 4 versus 6
– VRD standard and most cost effective for standard risk disease 
– If VGPR or better after 4 then stop?
– If less than VGPR and not plateaued, then 6?

• Quads for all?
– Strong data emerging for transplant eligible patients
– May not be enough for high risk patients

• Multidrug maintenance
• Response-adaptive strategy in trials. 
• Delaying transplant becoming more common

– Not recommended for patients with high risk disease (survival benefit for 
transplant emerging)

– Not recommended for patients less than 65 years of age
– Not recommended for patients with less than a VGPR 





Multiple Novel Agents Now Available to Treat Newly 
Diagnosed and Relapsed/Refractory Myeloma in 2022
Previously up to 16 but now 14 approved novel agents in MM—

with more coming
How do we sequence and strategize therapies to ensure 

the best outcomes 
for our patients?

?

Daratumumab

First line

Second
line

Third line
and beyond

Liposomal 

Doxorubicin

LenalidomideBortezomib Thalidomide

Pomalidomide

Ide-cel

Cilta-cel

Panobinostat*

Melflufen† Belantamab

Selinexor

Ixazomib

Carfilzomib

Isatuximab Elotuzumab

Adapted from Laubach. Leukemia. 2016;30:1005. Moreau. Lancet Oncol. 2021;22:e105. Slide credit: clinicaloptions.com

*US approval withdrawn.
†EMA full approval; 
US approval under review.

Teclistimab

Talquetemab

Elranatemab in 
2023

http://www.clinicaloptions.com/


Selecting Treatment for R/R MM: 
General Principles

*2 active classes plus dexamethasone.
Laubach. Leukemia. 2016;30:1005. NCCN. clinical practice guidelines in oncology: multiple myeloma. v.5.2022. nccn.org. 
Sanchez. Expert Rev Hematol. 2020;13:943. Sonneveld. 2016;101:396. Slide credit: clinicaloptions.com

Patient Disease Treatment Regimen
§ Age/frailty
§ Performance status
§ Lifestyle
§ Patient preference
§ Caregiver support
§ Comorbidities

‒ Renal status
‒ Neuropathy
‒ Cardiac
‒ Diabetes  
‒ Cytopenias

§ Disease burden: ISS
‒ Rate of 

progression
‒ Marrow burden
‒ CRAB symptoms
‒ Extramedullary 

disease
§ Biology

‒ LDH
‒ Cytogenetics

• t(4;14)
• del(17p)
• t(14;16)
• amp(1q)
• t(11;14)

§ Toxicity
‒ Myelosuppressi

on
‒ Infections
‒ Neuropathy
‒ Secondary 

cancers
‒ Ocular toxicity

§ Cost
§ Administration route
§ Relapsed vs 

refractory
§ Depth/duration of 

response to prior 
treatment

§ Triplet* (eg, KRd) is 
preferred over doublet

§ Include ≥1 agent from 
new or non-refractory 
class

§ Previously used agents 
may be effective in 
different combinations

§ Treat to maximum 
response

§ Maintain on ≥1 agent 
until progression or 
intolerability

http://www.clinicaloptions.com/


CD 38 mab Naïve 
patients should 
preferentially 
receive a CD38 
mab containing 
salvage regimen
Triplets better 
than doublets
Quadruplets not 
extensively 
explored 





The Promise of T-cell Redirection

CAR, chimeric antigen receptor; MM, multiple myeloma

Genetically modified T cells designed to 
recognize specific proteins on MM cells

CAR T cells are activated once in contact with the 
MM cell and can destroy the MM cell

CAR T cells can persist for long periods of 
time in the body

CAR T cells are created from a patient’s own blood 
cells, but the technology is evolving to develop “off-
the-shelf” varieties

Chimeric
antigen receptor

CAR T 
cell

Myeloma 
cell

Chimeric
antigen 
receptor



KarMMa-1: Phase 2 Study of Ide-cel in Patients with RRMM

Munshi et al. ASCO 2020.



KarMMa-1: Phase 2 Study of Ide-cel in Patients with RRMM

Munshi et al. ASCO 2020.



KarMMa-1: Survival Update

Anderson et al., ASCO 2021

• Median PFS at 300 x 106 CAR T-cells was 5.8 mo vs 12.2 mo with 
450 x 106 CAR T-cells

• Median OS in subgroups at high risk of progression (age ≥65 yr, 
extramedullary disease, 
triple refractory) was ≥20 mo 

• Median OS in subgroup with R-ISS stage III disease was 8.8 mo



KarMMa-3: Ide-cel or Standard Regimens (DPd, DVd, IRd, Kd, 
EPd) in RRMM

Patel K et al. EHA 2023. Giralt S et al. ASTCT 2023. Rodriguez-Otero P et al. N Engl J Med 2023. 



KarMMa-3: Ide-cel or Standard Regimens (DPd, DVd, IRd, Kd, 
EPd) in RRMM

Rodriguez-Otero P et al. N Engl J Med 2023.

71% ORR vs 42%
39% CR vs 6%



CARTITUDE-1: Phase 1/2 Study of Cilta-cel in Patients with RRMM

Martin T et al, ASCO 2021, Berdeja et al, Lancet 2021

Primary endpoints:
Phase 1b: Safety, 
confirm RP2D 
Phase 2: ORR

Key Eligibility Criteria
§ Progressive MM per 

IMWG criteria
§ ECOG PS ≤1
§ ≥3 prior lines or 

double-refractory, 
prior PI, IMiD, and 
anti-CD38 mAb



CARTITUDE-1: Efficacy

Martin T et al, ASCO 2021, Berdeja et al, Lancet 2021

VGP
R



CARTITUDE-1: PFS and OS

Martin T et al, J Clin Oncol 2023

27-month OS: 70.4%
Median OS: not reached (95% CI, 14.62 to NE)



CARTITUDE-4: Cilta-cel or Standard of Care (PVd or DPd) in 
Lenalidomide-Refractory Multiple Myeloma

Dhakal B et al. ASCO 2023. San-Miguel J et al. N Engl J Med 2023.

Primary endpoint 
• PFS

Secondary endpoints 
• Efficacy: ≥CR, ORR, MRD negativity, OS
• Safety
• PROs



CARTITUDE-4: Cilta-cel or Standard of Care (PVd or DPd) in 
Lenalidomide-Refractory Multiple Myeloma

Dhakal B et al. ASCO 2023. San-Miguel J et al. N Engl J Med 2023.



CRS/Neurotoxicity Events with BCMA CAR T-cell Therapies

Munshi et al. NEJM 2021; 384(8):705-716. Berdeja et al. Lancet 2021; 398:314 

CRS and NT events were primarily grade 1/2 and manageable

> 1 NT event, n (%) 23 (18) 20 (21)

Grade 1/2 18 (12) 10 (10)

> Grade 3 5 (4) 10 (10)

ICANS any grade, % - 17

KarMMa[1]

N = 128
CARTITUDE-1[2]

N = 97

> 1 CRS event, n (%) 107 (84) 92 (95)

Grade 1/2 100 (78) 87 (95)

> Grade 3 7 (5) 5 (5)

Median onset (range), days 1 (1 – 12) 7 (1 – 12)

Median duration (range), days 5 (1 – 63) 4 (1 – 97)







Summary of Trials With Bispecific Antibodies

Teclistamab1 Elranatamab2,3 ABBV-3834 Linvoseltamab5 Talquetamab6 Cevostamab7

Target BCMA BCMA BCMA BCMA GPCR5D FcHR5
N 165 55 60 167 (all dose levels) 143 (QW dosing) 161

P2D
1500 μg/kg 

SC QW
76 mg 
SC QW

40 mg or 60 mg 
IV Q3W

200 mg 
IV QW, then Q2W

405 μg/kg SC QW
800 μg/kg SC Q2W --

Prior lines, median 
(range) 5 (2-14) 5 (2-14) 5 (3-15) 6 5 (2-13) 6 (2-18)

Triple refractory, % 100 91 80 90 74 85
Penta refractory, % 70 -- -- -- 29 68
Overall response, % 63 64 60 75 (at ≥ 200 mg) 73 57 (higher doses)
Complete response, 
% 39 38 29 38 29 8.4

DoR, mo 18.4 mo 17.1 mo NR 
(median f/u: 8.4 mo) NR 9.3 mo 11.5 mo

Infection, % 76 52 43 -- 57 --
CRS, % 72 61 72 48 79 81
Neurotoxicity, % 15 (3 ICANS) 2.2 ICANS -- -- 10 ICANS 14.3 ICANS1. Moreau. NEJM. 2022;387:495. 2. Raje. ASH 2022. Abstr 158. 3. Lesokhin. ASCO 2022. Abstr 8006. 

4. Voorhees. ASH 2022. Abstr 1919. 5. Bumma. ASH 2022. Abstr 4555. 6. Chari. ASH 2022. Abstr 157. 7. Trudel. ASH 2021. Abstr 157.











MAIA Phase III OS

D-Rd demonstrated a significant benefit in OS, with a 32% reduction in the risk of death, in patients with 
NDMM who are transplant ineligible

D-Rd: median, NR
Rd: median, 
NR

66.3%

53.1%

60-month OS rate

Months

HR, 0.68; 95% CI, 0.53-0.86; 
P = 0.0013a
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aP = 0.0013 is statistically significant, crossing the prespecified stopping boundary of P = 0.0414.

Median follow-up: 56.2 months
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Conclusions

• The diagnosis, work up and treatment of myeloma has changed dramatically over the last 10 
years. 

• The therapeutic goal is to obtain deep remissions that translate into improved PFS and OS 
• With combination therapy of IMIDS, Pis, MoAbs, BITES, autologous and allogeneic HCT as well 

as CAR T cells long term disease control and cures will be achievable in a substantial proportion 
of patients with MM. 
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