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Some of the main contributions of the Bologna MM research group



“In conclusion, the data herein reported demonstrate that
allo SCT induces sustained serological and molecular
remission in selected patients with MM. Although a
longer follow-up is required to determine if these patients
are truly cured, it is unusual for relapses to occur more
than 5 years after allo BMT”….

Allogeneic stem cell transplantation

Gahrton G, Tura S et al. NEJM 1991; Cavo M et al. Blood 2000 



“The sensitivity of multiple myeloma to melphalan
makes the use of higher doses attractive”…

Autologous stem cell transplantation

Cavo M et al.  The Lancet 1983; Cavo M et al. JCO 2007 



Novel agents

Cavo M et al.  Haematologica 2004; Cavo M et al. Blood 2002; Palumbo A et al. JCO 2011 



Novel agents vs conventional chemotherapy

Cavo M et al. Blood 2005; Cavo M et al. JCO 2009 



“In this issue of Blood, Cavo and colleagues
appear to have placed the final nail in the
coffin for VAD”…..

....“the concept of targeting the bone marrow
microenvironment (the “soil”) in a way that interferes
with the growth of the myeloma “seed” emerged as the
rationale for trials of new agents in combination with
established therapies in an attempt to enhance
cytotoxicity, reverse drug resistance, and increase
the probability of curing myeloma”………

The changing landscape

Rajkumar SV.  Blood 2005; Cavo M & Baccarani M. NEJM 2006 



Novel agents in combinations

Cavo M et al.  Lancet 2010; Cavo M et al. Blood 2012 



Median PFS: 56.7 vs 41.9 mos

HR 0.73 (95% CI, 0.62-0.85)

P=0.0001 

Months of Follow-up

PFS: del (17p) and/or t(4;14) and/or t(14;16)
ASCT-1 vs ASCT-2 ASCT-1 vs ASCT-2

Autologous stem cell transplantation in the era of novel agents

Cavo M et al.  Lancet Haematol 2020



Nuovi «nuovi farmaci» e nuovi meccanismi di azione

Caratterizzazione biologica

Stratificazione del rischio

Monitoraggio malattia minima residua

Terapia personalizzata

Long term survivors and potential cure 

Tacchetti P et al.  Lancet Haematol 2020
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The advent of anti-CD38 MoAbs in I line in ND-TE-MM

Moreau P et al, Lancet Oncology 2024

CASSIOPEIA phase III trial: Dara-VTd vs VTd + ASCT
EMN28/PERSEUS phase III trial: Dara-VRd vs VRd + ASCT
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Sonneveld P et al, NEJM 2024
Sonneveld P et al, EHA 2024 ODDS RATIO - 2.40 (1.24-4.63)

PFS

OS

Median: 83.7 mos

Median: 52.8 mos

87% at 72 mos

77% at 72 mos



Anti-CD38 Mo Abs + KRd: the treatment for HR patients?

Gay F et al, ASH 2023, manuscript submitted to JAMA

Very high risk pts

2+ HRCA

Post-consolidation 
MRD negativity by NGS 

EMN24/ISKIA phase III trial: Isa-KRd vs KRd + ASCTFORTE phase III trial: KRd vs KRD+ASCT vs KCd + ASCT

Standard risk High risk Double hit

KR vs. R: HR 0.4, p=0.05 
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KR vs R maintenance

Gay F et al, Lancet Oncology 2021
Mina R et al, Lancet Oncology 2023



Immunotherapy moving earlier: CART and bispecifics

Zamagni E as global PI

San Miguel J et al, NEJM 2023

Results in patients with 1 prior LOT and functional high risk
(PD ≤18 months after ASCT or the start of initial therapy in pts with no ASCT)
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ORR: 87.5%
ORR: 79.5%

CARTITUDE-4 phase III trial: cilta-cel vs SOC in RRMM 1-3 prior LOT

PFS per ITT

HR 0.26

Ide-cel: the first CART in RRMM (2021)



Anti -CD38 MoAbs in I line treatment of ND-NTE-MM: significantly extended survival outcomes

Facon T et al, NEJM 2019
Facon T et al, EHA 2024

Facon T et al, NEJM 2024

IMROZ phase III trial: Isa-VRd vs VRd

Primary endpoint: PFS 
mFU:  59.7 mos
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MRD– ITT
OR (95% CI):

1.791 (1.221–2.627)‡

MRD– CR
OR (95% CI):

1.803 (1.229–2.646)
P=0.003†

MRD Rate (NGS,* 10-5) Isa-VRd
VRd

MRD– sustained 
for ≥12 months

46.8 24.3

OR (95% CI):
2.729 (1.799–4.141)‡

MAIA phase III trial: Dara-Rd vs Rd

DRd
Median: 90.3 months

Rd
Median: 64.1 months

Median: 90.3 mos

PFS

PFS

Median: 62 mos



Can we considered «cured» a portion of MM patients? 

Tura Sante, edizione 2020



Ricerca clinica sul mieloma multiplo presso l’ Istituto Seragnoli

• Dal 2001, oltre 150 studi interventistici (fase I-III), di cui oltre 65 studi ongoing

• Dal 2001, oltre 50 studi osservazionali, di cui oltre 20 studi ongoing

• Dal 2014, partecipazione ad oltre 20 studi registrativi di regimi terapeutici standard (RRMM e NDMM)

• Dal 2018, 6 studi con cellule CAR-T: KarMMa-1, KarMMa-2, KarMMa-3, CARTITUDE-4, CPHE885B12201, KarMMa-9

• 14 studi con BsAbs: Teclistamab (MajesTEC-1, MajesTEC-3, MajesTEC-4, MajesTEC-7, MajesTEC-9), Elranatamab (MagnetisMM-5,

MagnetisMM-7), Talquetamab (MonumenTAL-3, MonumenTAL-6), Cevostamab (CAMMA-2, CAMMA-3), Forimtamig (GRACE,

GRACE COMBO), M22-947



Strategie terapeutiche innovative nel MM: partecipazione a studi registrativi
FIRSTa)

ASPIREb)

Lenalidomide and dexamethasone
vs Melphalan, Prednisone, thalidomide

Carfilzomib, lenalidomide, and dexamethasone 
vs lenalidomide and dexamethasone 

References:

a) FIRST: Benboubker,N Engl J Med 2014

b) ASPIRE: Stewart,  NEJM 2015

c) ELOQUENT-2: Lonial, NEJM 2015

d) CASTOR: Palumbo, NEJM  2016

e) POLLUX: Dimopoulos, NEJM 2016

f) ENDEAVOR: Dimopoulos, Lancet Oncology

2016

g) TOURMALINE-1: Moreau, NEJM 2016

h) ALCYONE: Mateos, NEJM 2018

i) ELOQUENT-3: Dimopoulos, NEJM 2018

j) ICARIA: Attal, Lancet, 2019

k) BOSTON: Grosicki, Lancet, 2020

l) IKEMA: Moreau, Lancet, 2021

m) APOLLO: Dimopoulos, Lancet Oncol, 2021

n) KarMMa: Munshi, NEJM, 2021

o) MajesTEC-1: Usmani, Lancet, 2021

p) CARTITUDE-4: San-Miguel, NEJM, 2023

q) PERSEUS: Sonneveld, NEJM, 2024

r) DreaMM-7: Hungria, NEJM, 2024

s) DreaMM-8: Dimopoulos, NEJM, 2024

*Recruting phase ongoing

TOURMALINE-
1g)

ALCYONEh)

Elotuzumab, lenalidomide and dexamethasone 
vs lenalidomide and dexamethasone

Daratumumab, Bortezomib and Dexamethasone 
vs Bortezomib and Dexamethasone

POLLUXe)

CASTORd)

Daratumumab, lenalidomide, and dexamethasone 
vs lenalidomide and dexamethasone

Carfilzomib and dexamethasone 
vs bortezomib and dexamethasone

ELOQUENT-2c)

ENDEAVORf)

Ixazomib, lenalidomide and dexamethasone vs 
Placebo, lenalidomide and dexamethasone

Daratumumab, bortezomib, Melphalan-
Prednisone vs bortezomib, Melphalan-Prednisone

ELOQUENT-3i) Elotuzumab, pomalidomide and dexamethasone 
vs pomalidomide and dexamethasone

BOSTONk)

IKEMAl)

Bortezomib, selinexor, and dexamethasone 
(once- vs twice-weekly regimen)

Isatuximab, carfilzomib and dexamethasone
vs carfilzomib and dexamethasone

APOLLOm)

KarMMan)

Daratumumab, pomalidomide and 
dexamethasone vs pomalidomide and 

dexamethasone

Ide-cel in RRMM

MajesTEC-1o)

CARTTUDE-4p)

Teclistamab in RRMM

Cilta-cel vs Standard Care

PERSEUSq)

DREAMM-7r)

Daratumumab, bortezomib, lenalidomide, and 
dexamethasone

vs bortezomib, lenalidomide, and 
dexamethasone

Belamaf, bortezomib and dexamethasone 
vs daratumumab, bortezomib and 

dexamethasone

DREAMM-8s)
Belamaf, pomalidomide and dexamethasone 

vs bortezomib, pomalidomide and 
dexamethasone

ICARIA-MMj) Isatuximab, pomalidomide and dexamethasone 
vs pomalidomide and dexamethasone

MajesTEC-4*
(…)

MagnetisMM-7*

Teclistamab and lenalidomide vs lenalidomide  
(…)

Elranatamab vs Lenalidomide After ASCT



Bologna MM research group and international collaborations

• National and international collaborations 

• International Myeloma Working Group
• International Myeloma Society
• European Myeloma Network
• European Hematology Association
• European Myeloma Network Italy
• European Society of Medical Oncology
• Società Italiana di Ematologia
• GIMEMA
• Associazione Italiana Oncologia medica

Elena Zamagni current member of the IMS board of director as representative for Europe 



The new role of imaging in MM

Rajkumar V et al, Lancet Oncology 2014
Hillengass J et al, Lancet Oncology 2019

From CRAB to MDE (CRAB + SLiM CRAB)

Cavo M et al, Lancet Oncology 2017
Zamagni E et al, JCO 2021

Active and continuous collaboration with Nuclear Medicine 
and Radiology of IRCCS S. Orsola-Malpighi



Beyond conventional CR
MRD detection and novel response criteria

Kumar S et al, Lancet Oncology 2016



The biology of Multiple 
Myeloma
Carolina Terragna

IRCCS Azienda Ospedaliero-Universitaria di Bologna
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novel drugs & NEXT-gen technologies

Kumar S, et al. Lancet Oncol 2016;17:e328–46

Next Generation 
Flow (NGF)

third generation seq. 
(PacBio SMART tech.; 

Oxforn Nanopore)

Next Generation Seq. 
(NGS, pyrosequencing; 
Illumina sequencing)first generation seq. 

(Sanger sequencing)



genomic profile A => 10 years

genomic profile B => 5 years

genomic profile C => 2 years

WHY should we value MM biology



the evolution of knowledges in MM biology 

1. MM genomic landscape

- lots of chromosomal aberrations 
considered collectively

- & single nucleotide variants 
(including mutational signatures!)

Terragna C., Poletti A. et al, Nat. Comm., 2024



genomic-based molecular segmentation

Terragna C., Poletti A. et al, Nat. Comm., 2024

mutually exclusive



NGS panel for MM risk stratification

the UMA panel

genomic-based
risk stratification

Poletti A., Taurisano B. et al, manuscript in prep



- MM is a STATIC & 
HOMOGENEOUS disease

- MM is a DYNAMIC & 
HETEROGENOUS disease!!

the evolution of knowledges in MM biology 

to be treated in 
the same way up 
to drug efficacy 
exhaustion

single sample is 
representative of 
the whole tumour 
burden => therapy can SHAPE the clonal dynamics!!

2. MM disease dynamics



the QUANTITATIVE clonal dynamics

MRD assessment

Cavo M., Terragna C. et al, Blood, 2000
Martinelli G., Terragna C. et al, JCO, 2000



the QUANTITATIVE clonal dynamics

MRD assessment

1. FDA-approved method, CE-IVD marked for both clonotype and
MRD assessment, either commercially available or tech-transfer;
expansive, BUT 10-6 sensitivity guaranteed

SEATTLE TOULOUSE
BOLOGNA

HEIDELBERG

OXFORD

=> clinical trials & daily practice (?)

you are HERE

2. unvalidated method, CE-IVD marked for clonotype assessment (MRD
assessment is RUO); less expansive at 10-5, sensitivity up to 10-6; ongoing
validation in the context of an Italian network

**
**

*
=> daily practice

Armuzzi S. et al, manuscript in prep



the QUALITATIVE clonal dynamics

TP53

CHIPMartello M. et al, Blood Cancer J., 2022
Borsi E. et al., Cell, 2024 



- just one BM aspirate is 
representative of the disease: 
the disease is HOMOGENEOUS

- MM is HETEROGENOUS: a multimodal 
approach (including imaging and liquid 
biopsy) should be implemented to 
reliably monitor the disease dynamics

the evolution of knowledges in MM biology 

genomic h
eterogeneity!

haemodilution,

patch
y d
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a….

3. MM spatial heterogeneity



MM is (also) in the PB

Martello M. et al, submitted Vigliotta I. et al, manuscript in prep.
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Conclusion

• The survival outcomes of patients with MM has tripled in the last 10 years, regardless of age

• Current treatment algorithm, along different disease’ phases, is based on the combination of the 3 main classes 

of agents (proteasome inhibitors, IMiDs and anti- CD-38 Mo Abs) (triplets or quadruplets) and on 

immunotherapy (CARTs, Bispecifics, ADC)

• Newer and highly sensitive tools in the bone marrow, peripheral blood and imaging are routinely available, for 

prognostication and to drive the treatment

• We are starting the era of «MRD-tailored» and «individualized» treatment

• The cure of Myeloma is possible!



Team clinico
3 medici strutturati
2 RTD-A
1 Post-Doc
2 PhD students
6 MFS
3 collaboratori ricerca sanitaria 
5 assegnisti di ricerca
1 amministrativo

Ricerca traslazionale
1 dirigente biologo
1 RTD-A
1 collaboratore
1 ricercatore sanitario
2 Assegnisti di ricerca
1 tecnico di laboratorio
3 bioinformatici
2 statistici


