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Multiple myeloma: Extramedullary Disease (EMD)

Malignant plasma cells grow at anatomic sites
distant from the bone marrow:
•soft tissue, spleen, lymph nodes, malignant effusion,
CNS, skin, …

Primary (at diagnosis)
or secondary (at disease progression) EMD
•primary: approximately 1-5% of patients (i.e. soft tissue
plasmacytoma)
•secondary: approximately 3-20% of patients (i.e.
malignant pleural effusion)
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•Bone marrow cytogenetics and protein / gene 
expression

•Proliferative capacities
•EMD: multiple genes and signaling pathways

Primary EMD
t(4;14)
t(14;16)
del(17p)
gain(1q)

Secondary EMD
del(17p)
del(13q)
Loss of surface CD56
MAFB overexpression
MYC overexpression
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EMD biology and Tumor Microenvironment - TME

Ø The tumor microenvironment constitutes a
homeostatic niche that supports PCs
proliferation, influences therapeutic response
and contributes to disease relapse.

Ø Disease progression is characterized by the
aberrant activation of intracellular signaling
pathways and the secretion of pro-
angiogenic cytokines.
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Failure of Modern Therapies in Extramedullary Disease

Failure of Modern Therapies in EMD (anti-CD38 mAb, BiTEs and CAR-T) 

Ø Extramedullary disease is characterized by the
colonization of distal anatomical site, including
soft tissues, lymph nodes, the central nervous
system, and the dermo-epidermal layer, by
malignant plasma cells.

This manifestation represents a clinically aggressive phenotype, frequently associated with 
high-risk cytogenetic aberrations, reduced treatment susceptibility and a significantly 

poorer prognosis.
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Kumar S, et al.American journal of hematology 2026



Modern Therapies in Extramedullary Disease

Therapy Class Representative 
Studies Median Prior Lines ORR in EMM PFS in EMM Key Message

BCMA CAR-T (Ide-
cel / Cilta-cel)

KarMMa, 
CARTITUDE, 
multiple real-world 
cohorts

~6 52–60% ~5 months Markedly inferior vs 
non-EMM

Investigational 
BCMA CAR-T

Early phase trials 
(China / US) ~3–4 80–92% ~5–8 months Responses but 

limited durability

BCMA Bispecific 
(Teclistamab)

MajesTEC-1 + real-
world studies ~5–6 35–47% ~2 months Substantially 

reduced efficacy

Bispecific (mixed 
analyses)

Meta-analysis of 
BiTE trials NA ~48% NA Lower than CAR-T

Dual targeting 
(BCMA + 
GPRC5D)

RedirecTT-1 ~5 ~79% 12-mo PFS ~61% Most promising
results

Ho M, et al. Current oncology (Toronto, Ont.) 2025
Kumar S, et al. “The New England journal of medicine 2026
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Investigational Problems in Characterizing the TME

Spatial transcriptomicsBulk analysis

Loss of cellular
heterogeneity information.

Ø Background biological signals
Ø Lack of correlation between

mRNA and protein levels
Ø Limited applicability to FFPE

samples
Ø Resolution not always high or

single-cell

Single-cell analysis

The spatial architecture of
the lesion cannot be
investigated with this
approach

John M, et al. Blood 2024
Anilkumar S A, et al. Blood cancer discovery 2026

Dunphy K, et al. Cancers 2023
Zanwar S, et al. Blood advances 2025

Ryu D, et al. Clinical cancer research 2020
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Which Is The Optimal Choice?

Bussi Y, et al. Nat Methods. 2024
Method of the Year 2024: spatial proteomics.Nature methods 2024



EMD Unmasked: A Clinical Pilot Study
Five patients with primary EMD (paired BM and EMD)

Desantis V, et al. J Hematol Oncol 2025

Strengths of Spatial Proteomics

Ø Direct measurement of proteins

Ø Better correlation with cellular function

Ø High spatial resolution

Ø Multiplexing capability

Ø Preservation of tissue morphology

Ø Applicability to FFPE samples



Liquid handling system

Ultraprecise stage

State-of-the-art microscope and camera

Computers

The MACSima™ Spatial Biology Platform



MICS technology (MACSima Imaging Cyclic Staining)
MACSima™ Platform



Spatial Analysis - H&E Stained Sections
BM#5 EMD#5
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BM#5

CD3 
CD38 
CD31 
CD138 
CD235a 
CD68 

CD11b 
Plasma Cells

EMD#5

Spatial Profiling of BM niche and EMD in MM 
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Cell annotation of bone marrow and EMD 
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Loss of TME Diversification In EMD Sites 
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CD38 Expression on PCs in BM and EMD Sites

Mean BM CD38 
expression

Mean EMD 
CD38 expression P value

MM#1 1874 198 < 0.0001

MM#2 824 119 < 0.0001

MM#3 740 246 < 0.0001

MM#4 878 382 < 0.0001

MM#5 665 328 < 0.0001

CD38 is a PCs surface marker
There is a reduced expression of CD38 in EMD samples

Resistance to anti-CD38 therapies

A direct 56-marker profiling of matched BM and EMD disease explains why EMD 
patients show worse outcomes in the era of current therapies

Saltarella I, et al. Cells 2020
Jelinek T, et al. Leukemia 2024

Notarfranchi L, et al. Haematologica. 2024
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EZH2 activation may drive CD38 
downregulation and lenalidomide

resistance

Concurrent BCL2 upregulation may create 
a therapeutic vulnerability exploitable with 

BCL2-targeted strategies

Desantis V, et al. J Hematol Oncol 2025



BM#5 EMD#5

Comparative neighborhood analysis in BM and EMD lesions

Heatmaps illustrate the proportion of links across all potential cell-type pairs to measure cell-
type mixing. EMD lesions exhibit a widespread loss of cellular interactions, with the sole
exception of macrophage-mediated ones. Desantis V, et al. J Hematol Oncol 2025



T-cell exclusion drives immune desertification and limits CAR-T and BiTE therapy efficacy.

Immune desertification in EMD niche

Desantis V, et al. J Hematol Oncol 2025



Ø Spatial proteomics provides deeper insights into the pathogenetic and immune-
evasion mechanisms of multiple myeloma, uncovering spatial relationships
between MM cells and immune subsets within lesions.

Ø Mapping protein expression and intercellular distances may elucidate the causes of
moAb, BiTEs, CAR-T therapy failure in extramedullary disease (EMD);
furthermore, identifying EMD "drivers" could refine risk stratification and guide the
development of targeted treatments.

Ø Spatial proteomics holds promise as a Companion Diagnostic tool, defining
patient-specific proteomic profiles to support personalized therapeutic strategies.

Summary
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