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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

sprimary: approximately 1-5% of patients (i.e. soft tissue
plasmacytoma)

esecondary: approximately 3-20% of patients (i.e.
malignant pleural effusion)

Varettoni M et al. Annals of oncology 2010

Rasche Leo et al. Annals of hematology 2012
Mangiacavalli Silvia et al. Annals of hematology 2017
Rasche, L., et al. Nature communications 2017

Da Via MC, et al. Oncologist. 2020

Montefusco Vittorio et al. Haematologica 2020
Bansal R, et al. Blood Cancer J. 2021

Jiménez-Segura R, et al. Blood Cancer J. 2022
Bladé J, et al. Blood cancer journal 2022
Zanwar S, et al. Blood advances 2025

Ho M, et al. Current oncology 2025

Tao Y, et al. BMC medicine 2025
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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, ...
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or secondary (at disease progression) EMD

sprimary: approximately 1-5% of patients (i.e. soft tissue
plasmacytoma)

esecondary: approximately 3-20% of patients (i.e.
malignant pleural effusion)

Varettoni M, et al. Annals of oncology 2010
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Montefusco V, et al. Haematologica 2020
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*Bone marrow cytogenetics and protein / gene
expression

*Proliferative capacities
*EMD: multiple genes and signaling pathways

Primary EMD Secondary EMD
t(4;14) del(17p)

t(14;16) del(13q)

del(17p) Loss of surface CD56
gain(1q) MAFB overexpression

MY C overexpression

Jiménez-Segura R, et al. Blood Cancer J. 2022
Bladé J, et al. Blood cancer journal 2022
Zanwar S, et al. Blood advances 2025

Ho M, et al. Current oncology 2025

Tao Y, et al. BMC medicine 2025
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EMD biology and Tumor Microenvironment - TME
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> The tumor microenvironment constitutes a

homeostatic niche that supports PCs
proliferation, influences therapeutic response
and contributes to disease relapse.

Disease progression is characterized by the
aberrant activation of intracellular signaling
pathways and the secretion of pro-
angiogenic cytokines.

Roccaro A M, et al. Cell reports 2015

Bhutani M, et al. Leukemia 2020

Yao, et al. Clin. Epigenetics 2018

Bansal R, et al. Blood Cancer J. 2021

Bianchi G, et al. Blood cancer discovery 2021
Merz M, et al. Blood advances 2023

Notarfranchi L, et al. Haematologica. 2024
Martello M ,et al. Blood cancer journal 2024

Lutz R, et al. Science immunology 2025
Anilkumar S A, et al. Blood cancer discovery 2026
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Failure of Modern Therapies in Extramedullary Disease

)
-

Extramedullary disease

& 0 Softtissue—g . > Extramedullary disease is characterized by the
\ 7 . colonization of distal anatomical site, including
. "R' g soft tissues, lymph nodes, the central nervous

f .
o ') \—Flasma cel system, and the dermo-epidermal layer, by
Al i malignant plasma cells.
L (i
J Bone
disease

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

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

Mailankody S, et al. ASCO 2024
Zanwar, et al. “Journal of hematology & oncology 2024 Ho M, et al. Current oncology (Toronto, Ont.) 2025
Kumar S, et al. American journal of hematology 2026 Kumar S, et al. “The New England journal of medicine 2026
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Modern Therapies in Extramedullary Disease

Therapy Class gﬁﬂ‘izssentatlve Median Prior Lines ORR in EMM PFS in EMM Key Message
KarMMa,
BCMA CAR-T (lde- CARTITUDE, P Markedly inferior vs
cel / Cilta-cel) multiple real-world ~6 52-60% 5 months non-EMM
cohorts
Investigational Early phase trials . 990 . Responses but
BCMA CAR-T (China / US) 34 80-92% 5-8 months limited durability
BCMA Bispecific MajesTEC-1 + real- . 470 Substantially
(Teclistamab) world studies ~5-6 35-47% 2 months reduced efficacy
Bispecific (mixed M_eta-a_naIyS|s of NA ~48% NA Lower than CAR-T
analyses) BiTE trials
Dual targeting -
(BCMA + RedirecTT-1 ~5 ~79% 12-mo PFS ~61%  Most promising

GPRC5D) results

Mailankody S, et al. ASCO 2024
Zanwar, et al. “Journal of hematology & oncology 2024 Ho M, et al. Current oncology (Toronto, Ont.) 2025
Kumar S, et al. American journal of hematology 2026 Kumar S, et al. “The New England journal of medicine 2026
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Investigational Problems in Characterizing the TME

Bulk analysis Single-cell analysis Spatial transcriptomics
* v '?':3’3:: CD4_Teells
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Loss of cellular The spatial architecture of » Background biological signals
heterogeneity information. the lesion cannot be » Lack of correlation between
investigated with this mRNA and protein levels
approach » Limited applicability to FFPE
samples
> Resolution not always high or
single-cell
Dunphy K, et al. Cancers 2023 Ryu D, et al. Clinical cancer research 2020 John M, et al. Blood 2024
Zanwar S, et al. Blood advances 2025 Jelinek T, et al. Leukemia 2024 Anilkumar S A, et al. Blood cancer discovery 2026
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Editorial

Method of the Year 2024: spatial

Approaches for profiling the spatial
proteomein tissuesare the!
ofatlas-scale projectsthatare
delivering on their promise for
understanding biological complexity
inhealthand disease.

umans by nature are inquisicive.
Welove to explore, and as we do,
wemake maps. Perhaps cis then
not surprising that we find our-
selves in an age of atlas-building
as we explore the incredible complexity of
biological systems with cutting-edge meth
ods to better understand how cels, tissues,
organs and organisms connect structure
and function.
Inthe spirit of exploring and mapping bio-
logical complexity, we have chosen spatial
proteamics as our Method of the Year for

https://doi.org/10.1038/541592-024-02565-3
proteomics

® Check for updates

field of spatial proteomics. The piece further
describes how generating large atlases will
help reveal the intricacies of complex tissues
and pave the way for precision medicine. It
endswithadiscussionof technological devel-
opmentsthatwill helpmove the fieldforward,
briefiycommentingonthe roleartificial intel-
ligence may play in the future.

Computational tools for spatial proteomics
are the focus of the second Comment, from
Yuval Bussi and Leeat Keren”. These authors
note that currentimage processingandanaly-
sisworkflowarewell defined but fragmented,
with various steps happening back to back
rather than in an integrated fashion. They
envision a future for the field where image
processingand analysisstepswork in concert
forimproved biological iscovery.

The third Comment", from Daniela Quall
and Logan Walsh, discusses how spatial pro-
teomics has revolutionized cancer resrarch

E

from our

of complex tissues. Spatial
anumbrelaterm that Covers a broad swath
of immunohistochemistry-based methods
including, but not limited to,

G
ingreater depth and breadth. In addition, we
were inspired by the current efforts of large

i i how it has
shaped our mmkmg on how the immune
system interacts with tumors. The piece

(CODEX), it

also covers atial pro-
teomics in combination with arcificial inel-
ligence in generating hypotheses for basic

s the Human
Muorescence cycIF), co-decectionbyindexing . Atlas Program (HUBMAP) and the Human
Tumor only tocre-
F data for
(MIBD and imaging mass cytometry (MC). - medical communites, but aso to develop

These approaches can be used to generate

research, i ized medicine,
and guiding future therapeutic strategies to

process, analyze, visualize and mine

!

“The fourth Comment, from Thierry Nor-

protein compositionand spatial organization

deeper
issue features two papers from the HTAN

dmann,
introduces deep visual proteomics and the

rgerand  benefits of ytop
bouta technique " Linter, plexity of the pi g pro-
known as deep visual (DVP),in  tool forg: i i They
which complex samples are laser dissected it
and indivi analyzed ? presenting CalicosT, analgo-  will allow accesstothe
y ir  rithm to sit infer P i i
spatial context i is retained to i with single-cell resolution.
create spatial protein maps. A major benefit  tial tumor evolution Theyal combining
of this technique s that it is not imited by iptomi News i 2
the number of Feature, VivienMarxaskedsome (o democrarizethe technologyy and moving
achieves substantially greater proteome h where
coverage. they M.‘cthmgsgnmg next’ s spatial proteomics enough? The final
Spatil such ur iesof Com-  Comment, from Rong Fan', discusses spatial
a have been around h in the context of other ‘omics

Ionger than cmmpmax biology methods,

spa:
tial prmeomlcs \'he first piece’, from Bernd

such as sp

roduces why proteins are

technologies and the importance of inte-
grating complementary technologies such

whichwasour Mmhcu of the Year in 2021 s0
Year

such mxmsung mgm for biological inves-
i i ath

HowT For one,

has grown into the

as spanal lvanscnvmmlcs and spatial epge-
netic prof under
standing o!hlologlcal complexity. This plece

naturemethods

Volume 21| December 2024 | 2195-2196 | 2195
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EMD Unmasked A Clinical P|Iot Study

Five patients with primary EMD (paired BM and EMD)

PANEL OF 56 SELECTED MARKERS

> ngh Spatial resolution Common leukocyte markers
Strengths of Spatial Proteomics CD45
> M | i i . T cells NK cells Macrophages
CD3 CD56 o CD14
_ _ ultiplexing capability co3 e coi4
»  Direct measurement of proteins Cps Cps7 | CD11b
PD-1 CD244 5 CD274
. . HLA-DR CD158i CD163
»  Preservation of tissue morphology
>  Better correlation with cellular function SEsliwipro-aHryivali/AEthestion sciies RID IO IS Cca SOty
a7 cors D38
. .y ‘ a
> Appli ility to FFPE sampl 'CD223 BCL10 . B2M
pplicability to samples Co22 BCLY B2M
Syk CD23 CD200
CD10 CD117
CD3.
ID Sex | Age | Isotype | Restriction Site ISS | R-ISS CRAB-SLiM Cytogenetics Plasma cells CAMs expressed Ectopic'surface markers
SJ:EI\%OA . Codopltanln }(<:i67
3 i L - imentin D104
MM#1 | M 50 IgD Lambda Right lung and soft tissue 2 2 AB-LiM del(17p13) (E;%Mdh - Actin Aginase
MM#2 | M| 60 | LC Lambda Skin 3 2 CRAB-S | {(11;14) PsaLmenn e it
Pl lls (p63,
MM#3 | F 66 IgA Lambda Kidney 2 3* A-Li del(17p13) and EZanrZna el (p03) ﬁEXjABC Sgggg’a
t(4;14) ZAP70 Cleaved PARP1
MM#4 | F 66 IgA Lambda Back muscle CA- no alterations
MM#5 | M 72 LC Lambda Deltoid muscle R - SLi no alterations

M: male; F: female; Ig: immunoglobulin; LC: light chain; ISS: International Staging System; R-ISS: Revised International Staging System.
C: hypercalcemia; R: renal disease; A: Anemia; B: osteolytic lesions at CT-scan, S: >60% on bone marrow biopsy, Li: light chain ratio >
100, M: at least 1 lesion >5mm on magnetic resonance

Desantis V, et al. J Hematol Oncol 2025
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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 Expressmn on PCs in BM and EMD Sites

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

Mean BM CD38 Mean EMD

expression CD38 expression £ value
MM#1 1874 /1'9'8\ <0.0001 EMD#2
MM#2 824 119 <0.0001 ,
MM#3 740 ‘ 246 , <0.0001 (=
MM#4 878 \ 382 <0.0001 B i
MM#5 665 328 <0.0001

CD38 is a PCs surface marker

There is a reduced expression of CD38 in EMD samples
Saltarella |, et al. Cells 2020
Jelinek T, et al. Leukemia 2024
Notarfranchi L, et al. Haematologica. 2024
Desantis V, et al. J Hematol Oncol 2025
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EZH2 activation may drive CD38
3000 | ‘ downregulatlor_l and lenalidomide
resistance

2000 | Concurrent BCL2 upregulation may create
a therapeutic vulnerability exploitable with
BCL2-targeted strategies

LETTER OPEN ®
MULTIPLE MYELOMA, GAMMOPATHIES

EZH2 targeting induces CD38 upregulation and response to
anti-CD38 immunotherapies in multiple myeloma

s Djamila Chemlal'>”, Emmanuel Varlet>’, Amelie Machura', Sara Ovejero™*, Guilhem Requirand®, Nicolas Robert?,
S s Guillaume Cartron*?, Eina Alaterre’, Caroline Bret™>?, Laure Vincent (", Charles Herbaux &**°, Giacomo Cavalli 7,
o ks soad %L Angélique Bruyer!, Hugues De Boussac' and Jerome Moreaux %
* * © The Author(s) 2023
Leukemia (2023) 37:
h tologi
\ EZH2 inhibition overcomes i dulatory drug
in multiple myeloma via a cereblon-dependent pathway
by Yigen Li, Amy Wilson, Yakinthi Chrisochoidou, Shannon Martin, Sarah Bird, Salomon Morales, Marc Leiro,
2 o 0 0 Zuza Kozik, Nicholas T. Crump, Theodoros I. Roumeliotis, Jyoti Choudhary and Charlotte Pawlyn
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Comparative neighborhood analysis in BM and EMD lesions
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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



AR Xlx CONGRESSO
: p NAZIONALE
e s : - ‘3 > T e s R Copn

¥ SIES2026 - She e T e R

Immune desertification in EMD niche

PCs distance from M2-like PCs distance from CD3* T cells
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T-cell exclusion drives immune desertification and limits CAR-T and BIiTE therapy efficacy.
Desantis V, et al. J Hematol Oncol 2025
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Summary

> 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.

» 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.

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