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Caro et al, ASCO Educational Book 2021



1. High risk MM is not  completely identified by R-ISS staging, which should be integrated by new unfavourable prognostic factors. 
Consensus 96%

2. The high-risk cytogenetics should include also alterations of chromosome 1 (amplification 1 q and deletion 1p). Consensus 96%

3. Deletion 17 p by FISH cytogenetics should be routinely integrated by genetic data on p53. Consensus 91%

4. Double hit MM is a well recognized entity. NO CONSENSUS

5. Amount of circulating  plasma cells by next generation flow-cytometry is  a reliable prognostic  marker that should help identifying 
high risk MM. Consensus 75%

6. Multiple extramedullary plasmacytomas by CT-PET at diagnosis are typical features of high risk MM. Consensus 95%

7. We have enough scientific data to elaborate a different first-line treatment between high risk and standard risk MM. NO 
CONSENSUS 

8. Minimal residual disease (MRD) results after autologous stem cell transplantation and during maintenance should influence 
therapeutic decisions. NO CONSENSUS

First round Delphi Questionnaire : definition and management of high-risk multiple myeloma

2023, January 23



1. a) Double hit MM is a well recognized entity. NO CONSENSUS
b) Double hit MM is defined by the association of al least  2 high-risk cytogenetic or molecular  abnormalities.

Consensus 96%

2.   a) We have enough scientific data to elaborate a different first-line treatment between high risk and standard risk MM. 
NO  CONSENSUS.

b) An intensified treatment  should be reserved to specific conditions such as plasma cell leukemia or patients with multiple       
extramedullary plasmacytomas. Consensus 93%

3.  a) Minimal residual disease (MRD) results after autologous stem cell transplantation and during maintenance should 
influence therapeutic decisions. NO CONSENSUS
b) There are not sufficient real word data for modifying treatment on the basis of MRD assessment in clinical practice.
Consensus 93%.

Delphi Questionnaire : definition and management of high-risk multiple myeloma
SECOND ROUND



• High-risk MM at diagnosis

• Clinical trials for high-risk  MM

• Second-generation immunotherapy in HR functional MM

OUTLINE
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I                  NR
II                 109 months
III                68 months
IV                38 months

428 (0) 417 (7) 407 (11) 393 (14) 369 (22) 356 (28) 317 (60) 261 (106) 183 (172) 115 (233) 55 (286)I

686 (0) 646 (12) 626 (17) 597 (19) 550 (26) 514 (33) 432 (86) 346 (151) 222 (253) 129 (333) 54 (399)II

917 (0) 829 (24) 743 (40) 671 (48) 599 (55) 539 (63) 409 (130) 292 (199) 190 (274) 117 (335) 56 (389)III

195 (0) 159 (6) 136 (7) 113 (9) 84 (13) 69 (16) 55 (24) 41 (32) 19 (45) 14 (49) 6 (54)IV

Months

Number at risk

II vs I: HR 1.90, 95% CI 1.49 - 2.42, p-value<0.0001
III vs I: HR 3.58, 95% CI 2.85 - 4.49, p-value<0.0001
IV vs I: HR 6.42, 95% CI 4.91 - 8.40, p-value<0.0001

Median OS

Prognostic score R2-ISS low I (N=428) R2-ISS low-int II (N=686) R2-ISS int-high III (N=917) R2-ISS high  IV (N=195)

R-ISS I 428 169 0 0
R-ISS II 0 517 811 44
R-ISS III 0 0 106 151

D’Agostino et al , JCO 2023

Risk feature OS hazard
ratio

PFS hazard
ratio

Score value*

ISS II 1.75 1.44 1

ISS III 2.54 1.76 1.5

Deletion 17p 1.82 1.43 1

High LDH 1.60 1.37 1

Translocation 4;14 1.53 1.40 1

1q+ 1.47 1.33 0.5

Group
Low (I)
Low-Intermediate (II)
Intermediate-High (III)
High (IV)

Number of patients (%)
429 (19.3%)
686 (30.8%)
917 (41.2%)
195 (8.8%)

Total additive score
0
0.5-1
1.5-2.5
3-5

R2-ISS score definition



DOUBLE HIT MULTIPLE MYELOMA

Walker BA et al, Leukemia 2019

A high-risk subgroup was defined using either a) bi-allelic TP53 inactivation or
b) amplification (≥4 copies) of CKS1B (1q21) on the background of International Staging System III,
comprising 6.1% of the population (median PFS = 15.4 months; OS = 20.7 months)



TUMORAL CIRCULATING PLASMA CELLS

2% cut-off of CTC by MFC (and MO) identified ultra high-risk  
pPC –like disease in TE (A-B) and NTE pts (C-D).
Jelinek et al, JCO 2022

0.07% cut-off (5 cells/𝛍L) by two-tube FC (sensitivity 4x105)
Identified pts with shorter PFS and (in the contex of other clinical
and FISH factors) in FORTE study. Bertamini et al, JCO 2022



Zamagni et al, Blood 2011 Patriarca et al, BBMT2015

Prognostic role of PET-CT localizations

In multivariate analysis, the presence of EMD along
with a high tumor metabolism at diagnosis were
independent predictors of worst PFS and OS.



Rees MJ & Gay F et al , ASCO Educational Book 2024

HR functional MM



ONE SIZE FIT ALL

Dimopoulos M.A et al, Ann Onc 20211

tandem ASCT is recommended for patients with  high-risk disease 

bortezomib or ixazomib may be considered for high-risk patients



EMN02 study
Cavo M et al,

Lancet Hematology 2020

p BMT-CNT 0702 study
Stadtmauer EA et al. J Clin

Oncol 2019

p

Total n°pts 702 750

design Double vs single ASCT Double vs single ASCT

High-risk def Del(17p) or t(4;14) or 
t(14:16)

Del(17p) or t(4;14) or del 13 by 
K or hypodiploid by K

N°high-risk pts 135 (19%) 223 (30%)

PFS (mo) Median= 46.0 vs 26.7 0.060 @ 60 mo 43.6 %vs 26% p=0.03

OS @60 mo= 61.3% vs 54.7% 0.32

OS del(17p) @60 mo= 80.2% vs 57.1 0.066

CLINICAL RESULTS OF TANDEM ASCT IN HIGH-RISK PATIENTS











GMMG  CONCEPT OPTIMUM IFM 2018-04

Study phase II II
(with historical

comparison)

II

Primary end point MRD neg PFS 18 mo feasibility

Author Leypoldt et al ,
Leukemia 2024

Kaiser MF et al, JCO 2023 Touzeau C et al, 
Blood 2024

N° pts TE: 127; NTE:26 TE:107 TE:50

Median follow-up 44 mo 41 mo 33 mo

MDR negativity
at end of consolidation

TE:67.7%*
NTE:54.2%*

63.6%**
(after ASCT)

94%**

PFS TE: 68.9% (36 mo)
NTE: 58.4% (36 mo)

77% (30 mo) 80% (30 mo)

Discontinuation 6 (5%) AE 22 20 total
4 AE

* NGF               **NGS









• High-risk MM at diagnosis

• Clinical trials for high-risk  MM

• Second-generation immunotherapy in
high-risk functional MM

OUTLINE
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KarMMa-2 cohort 2 study design

aAfter lymphodepletion (cyclophosphamide 300 mg/m2 + fludarabine 30 mg/m2 × 3), patients received a single infusion of ide-cel at a range of 150–450 × 106 CAR+ T cells (up to an additional 20%; 20% 
over the protocol-specified dose constituted overdose); bAt investigator discretion, patients could receive maintenance treatment post-infusion; cMeasurable disease determined by M protein (serum 
protein electrophoresis ≥ 0.5 g/dL or urine protein electrophoresis ≥ 200 mg/24 hours) and/or light chain MM without measurable disease in serum or urine (serum immunoglobulin free light chain 
≥ 10 mg/dL and abnormal serum immunoglobulin κ:λ free light chain ratio); dMust contain a PI, an IMiD® agent, and dexamethasone.

ASCT, autologous stem cell transplantation; CAR, chimeric antigen receptor; CR, complete response; CRR, complete response rate; DOR, duration of response; ECOG, Eastern Cooperative Oncology 
Group; HRQoL, health-related quality of life; ide-cel, idecabtagene vicleucel; IMiD, immunomodulatory drug; IMWG, International Myeloma Working Group; MM, multiple myeloma; MRD, minimal 
residual disease; ORR, overall response rate; OS, overall survival; PD, progressive disease; PFS, progression-free survival; PI, proteasome inhibitor; PK, pharmacokinetics; sCR, stringent complete 
response; TTP, time to progression; TTR, time to response; VGPR, very good partial response.

Post-treatment follow-up Survival follow-up

Primary
endpoint

Cohort 2c: CRR (CR and sCR; by
investigator per IMWG criteria)

Secondary
endpoints

Cohort 2c: ORR, VGPR rate, TTR, DOR, 
PFS, TTP, OS, safety, PK, immunogenicity 
(anti-CAR antibody response), HRQoL

Exploratory
endpoints

r Cohort 2c: MRD, biomarkers

Cohort 2 (N = 99)
Clinical high-risk MM (1 regimen)

Cohort 2a (n = 37)
Early relapse (PD < 18 months from front-line therapy

including ASCT)

Cohort 2b (n = 31)
Early relapse (PD < 18 months from front-line therapy

without ASCT)

Cohort 2c (n = 31)
Key inclusion criteria
• Inadequate response (< VGPR; excluding PD) 70–110 days 

post–ASCT (single/tandem)
• ≥ 18 years of age
• Measurable diseasec

• Received ≥ 3 cycles of induction therapyd

• ECOG performance status score ≤ 1

Survival follow-up
Every 3 months up to 5 years

after the last patient received
the first ide-cel infusion

Ide–cel infusion
(150-450 × 106

CAR+ T cells)a

Minimum 24 months
or until PD post–ide–cel

infusion, whichever
is longerb

Post-treatment
follow-up

discontinuation
visit

• Efficacy and safety were analyzed
in all patients who received ide-cel

KarMMa-2

Madhav Dhodapka, abstract 2101
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Best overall response

Madhav Dhodapka, abstract 2101

ORR,a 100.0

62.5
(n = 5)

12.5
(n = 1)

Lenalidomide maintenance (n = 8)

ORR,a 87.1
(95% CI,b 70.2–96.4),

51.6
(n = 16)

25.8
(n = 8)

6.5 (n = 2)
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CRR,d 77.4
(95% CI,b

58.9–90.4)

3.2 (n = 1)
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VGPR rate,c
100.0

CRR,d 75.0

Overall (N = 31)

VGPR rate,
83.9

(95% CI,b
66.3–94.5)

25.0
(n = 2)

36-month PFS rate of 76.8% 



CARTITUDE-4 Subgroup Analysis: Patient Population

At the November 2022, data cut-off date, median follow-up was 15.9 months (range, 0.1–27.3). Among 68 patients who received 1 prior LOT in the cilta-cel arm, 60 received cilta-cel as study treatment, 5 received cilta-cel as subsequent therapy, and 
3 never received cilta-cel. Among 40 patients who received 1 prior LOT and functionally high-risk MM in the cilta-cel arm, 35 received cilta-cel as study treatment. Study treatment includes any portion of the following sequence: apheresis, bridging, 
lymphodepletion, and cilta-cel. 
ASCT, autologous stem cell transplant; cilta-cel, ciltacabtagene autoleucel; LOT, line of therapy; MM, multiple myeloma; PD, progressive disease; SOC, standard of care.

2
7

FFFunctionally high-risk MM
39 received SOC

136 had 1 prior LOT in CARTITUDE-4

Cilta-cel
68 underwent apheresis/bridging

SOC
68 received SOC

Functionally high-risk MM
40 underwent apheresis/bridging 

Functionally high-risk MM defined as PD ≤18 months after receiving ASCT or the start of initial 
frontline therapy in patients with no ASCT

Weisel, et al. ORAL P959 EHA 2024 EM-159906



CARTITUDE-4 Subgroup Analysis: 
Consistently Deeper Responses Achieved With Cilta-cel vs SOC in Patients
With 1 Prior LOT and Those With 1 Prior LOT and Functionally High-Risk MM

Treatment response was assessed by a validated computerized algorithm, based on International Myeloma Working Group consensus criteria. ORR was defined as the proportion of patients who achieve a PR or better. 
aMantel-Haenszel estimate of the common odds ratio for unstratified tables is used. bP value from the Cochran-Mantel-Haenszel chi-squared test. cilta-cel, ciltacabtagene autoleucel; CR, complete response; LOT, line of therapy; MM, multiple 
myeloma; ORR, overall response rate; PR, partial response; sCR, stringent complete response; SOC, standard of care; VGPR, very good partial response. 2
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ORR: 89.7

(61/68)
ORR: 79.4

(54/68)

ORR: 87.5
(35/40) ORR: 79.5

(31/39)

CR or better odds ratioa:
4.4 (95% CI, 2.1–9.0)

P<0.0001b

CR or better odds ratioa:
3.3 (95% CI, 1.3–8.4)

P=0.0102b

PR
VGPR

sCR
CR

Patients with 1 prior LOT and 
functionally high-risk MM

Overall response

Weisel, et al. ORAL P959 EHA 2024 EM-159906



Conclusions

• High-risk MM at diagnosis is defined by R2-ISS, but also by molecular data, circulating PC 
and PET-CT localizations.

• Ultra high-risk MM can be defined by >2 high-risk FISH abnormalities , biallelic p 53 
inactivation,  amplification 1 q , 2-5% circulanting PC or multiple extramedullary
localizations

• Clinical trials for high-risk transplant eligible MM combining anti CD38 Ab, lenalidomide
and PI in a transplant platform have demonstrated high percentage of MRD after 
consolidation and need of long-term maintenance

• Functional high-risk MM ( relapsing 12-18 months after autotransplant) should be treated
with CAR-T 



Grazie!



Effect of allo on outcome depending on cytogenetic features

Knop S, Leukemia 2019

Prospective, multicenter
Cytoreduction, no novel drugs

Mobilization à Auto (Mel 200)
Auto (Mel 200)

Allo-RIC
Donor availability
MRD or MURD >9/10)

Flu/Mel (+ATG if MUD)

N = 225 à 199
Age = 53 (30-60)
Allo (126 pts) à 74 URD & 52 MRD



Knop S et al, 2021



Knop S et al, Leukemia 2019

median follow-up of 91 months

median 34.5 mo

median 21.8 mo

median 70.1 vs 71.1 mo

advantage in del 17 p (19 pts)
but not in t(4;14) or 1 q+ 



EMN-alloRIC phase II 2010 trial

Tacrolimus 0.02 mg/Kg/d

Reinoso S et al, TCTJ 2022

Inclusion criteria: sensitive  high risk first relapse defined by 1) relapse within 2 years after
Auto-SCT; 2) never CR; 3) unfavourable karyotype

24 pts included



Reinoso S et al, TCTJ 2022


