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Sustained MRD has become the new therapeutic objective for MM treatment.
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Biological rationale

The duration of the clinical response may also be driven by
features of the immune microenvironment?

REGULAR ARTICLE blood neoplasia

Bone marrow immune cell composition reflects multiple myeloma
progression and affects treatment response
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Biological rationale _
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Methodologies

Peripheral and bone marrow
aa ) blood sample collection
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Flow cytometry and FlowCT analysis

six 10-color and two 8-color
flow cytometry panels
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Immunophenotypic changes in bone marrow following treatment

J
Characteristic Undetectable MRD Persistent MRD
Undetectable MRD I
(UMRD; n=14) Number of patients n=14 (61%) n=9 (39%)
Persistent MRD Therapy
(pMRD; n=9) six 10-color and two 8-color
flow cytometry panels
Dara + RD 1(7%) 1(11%)
Dara + VTD 12 (86%) 6 (67%)
FITC PE PerCP-Cy5.5 PE-Cy7 APC APC-H7 | V450° | V500-C°
PCST CD38 CD56 B2-microglobulin cD19 cylgk® cylgh CD45 CD138 VTD 1(7%) 2 (22%)
PCD CD38 CD28 cD27 cD19 cD117 cD81 cD4s CD138
a. BD Horizon™ V450, BD Horizon™ V500-C
b. cy refers to cytoplasmic
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® Naive CD3-cells © Naive CD8 T cells

© TEMRACD3-cells ® CMCD8T cells

® EMCDS8T cells ® Naive CD3+ CD8- T cells
® TEMRACD8Tcells ® CMCD3+CD8-Tcells

® TEMRA CD3+ CD8- T cells
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PMRD vs. uMRD

10 [
UMRD <- tscore -> pMRD
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Transcriptional profiles distinctly separate pMRD and uMRD

0:0019730 antimicrobial humoral response (179g)

600002208 CD4-positive, CD25-positive, alpha-beta regulatory T cell differentiation involved in immune response (2g)
| G0:0002519 natural Killr cell tolerance induction (3g)
600050798 activated T cell prolferation (52)

30:0002507 tolerance induction (32g)
G0:0002536 respiratory burst involved in inflammatory response (1)

G0:0019731 antibacterial humoral response (75g)

0:0010931 macrophage tolerance induction (1g)

G0:0061844 antimicrobial humoral immune response mediated by antimicrobial peptide (128)

| G0:0002752 cell surface pattern recognition receptor signaling pathway (97g)

G0:0046597 host-mediated suppression of symbiont invasion (26g)
010033151 V(D) recombination (19g)

| G0:0048246 macrophage chemotaxis (43g)
| G0:0002282 microglial cel activation involved in immune response (6g)

G0:0038124 toll-like receptor TLR6:TLR signaling pathway (5g)

I G0:0140895 cell surface toll-like receptor signaling pathway (78g)
| 010002228 natural killr cell mediated immunity (89g)

innate ignaling pathway (115)
0:0042267 natural kille cell mediated cytotoxicity (83g)
G0:0043029 T cell homeostasis (51g)
G0:0002381 production involved in (609)

[ G0:0002208 somatic diversification of immunoglobulins involved in immune response (56g)

G0:0002204 somatic recombination of immunoglobuiin genes involved in immune response (55g)

[ GO:0045190 isotype switching (559)
| G0:0046632 alpha-beta T cell differentiation (146g)

G0:0002287 alpha-beta T cell activation involved in immune response (959)

| G0:0002293 alpha-beta T cell differentiation involved in immune response (95g)

30:0002294 CD&-positive, alpha-beta T cell diferentiation involved in immune response (34g)

[ GO:0002469 myeloid dendritc cell antigen processing and presentation (3g)

30:0002491 antigen processing and tid lass Il (20)

| G0:0016445 somatic diversification of immunoglobulins (70g)

G0:0043367 CD4-positive, alpha-beta T cell diferentiation (113g)
| G0:0045063 T-helper 1 cll differentiation (27g)

30:0090715 immunological memory formation process (14g)

| G0:0043379 memory T cell differentation (13g)

| 0:0002575 basophil chemotaxis (1g)

| G0:0042093 T-helper cell differentition (92g)

G0:1904124 microglial cell migration (9g)

| G0:0033078 immature T cell prolferation (15g)

| G0:0033080 immature T cell prolieration in thymus (14g)

Peripheral blood Bone marrow

Expression
IGKC 1GKC
TXNIP ZFP36 2
IL7R IKZF1
CXCR4 IL7R 1
CTSW SPOCK2 0
IKZF1 JCHAIN
JCHAIN CXCR4 -1
PRDM1 HOPX
SPOCK2 CTswW -2
D99 CD99
2FP36 PIK3IP1
1GHG4 IGHG3 Identity
CCND3 S1PR1
CLECSA IGHG4 ® pMRD
PLAUR FOSB
o CLECSA uMRD
TGFB2 EGR1
iR usPoY
SERPINB2 b
TWISTI THEN)
HSD1181 L
HSD11B1
1008
e EGR2
VCAM1
TREM1 ALAS2
i TWISTI
TLRS FCRLA
byt TNFRSFQ
LILRB2 VSIG4

uMRD patients display enrichment of adaptive and memory-related CD8* programs, consistent with effective tumor control.
PMRD patients show signatures of chronic activation and reduced functional diversity.
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i CD14* Monocytes

PMRD vs. uMRD
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Transcriptional profiles distinctly separate pMRD and uMRD

G0:0019731 antibacterial humoral response (75g)

I 6010048289 isotype switching to IgE sotypes (7g)

6010002227 innate immune response in mucosa (22g)
600043152 industion of bacterial agglutination (6g)

I G0:0002500 cenral tolerance induction to self antigen (1g)

G0:0035708 interleukin-4-dependent isotype switching to IGE isotypes (1g)
6010033078 extrathymic T cell differentiation (3g)

600002385 mucosal immune response (34g)

G0:0002251 organ or tissue specific immune response (38g)
G0:0001867 complement activation, lectin pathway (21g)

GO:0070342 neutrophil mediated cytotoxicity (18g)

GO:0061520 Langerhans cell diflerentiation (4g)

G0:0008228 opsonization (37g)

G0:0006956 complement activation (92)

G0:1990960 basophil homeostasis (1g)

6010002358 B cell homeostatic proliferation (2g)

GO:1904156 DN3 thymocyte differentiation (1g)

600002775 antimicrobial peptide production (11g)

6010002264 endothelial el activation involved in immune response (1g)

| G0:0002536 respiratory burst invoived in inflammatory response (11g)

600046632 alpha-beta T cell difterentiation (146g)
GO:0072538 T-helper 17 type immune response (71g)
GO:0071674 mononuclear cell migration (232g)

6010097520 myeloid leukacyte migration (238g)

G0:0035710 CD4-positve, alpha-beta T cell activation (140g)
6010002274 myeloid leukacyte activation (268g)

= activation involved in ponse (60g)
GO:0043367 CD4-positiv, alpha-beta T cell diferentiation (113g)
600042093 T-helper cell differentiation (929)

GO:0001774 microglial cell activation (57g)

G0:0002292 T cell differentiation involved in immune response (103g)
6010002287 alpha-beta T cell activation involved in immune response (95g)
6010002293 alpha-beta T cell differentiation involved in immune response (95g)

involved in (3299)
6010002285 lymphocyte activation involved i immune response (240g)
6010002263 cell activation involved in immune response (333g)
6010042116 macrophage activation (124g)
 G0:0002286 T cell activation invalved in immune response (144g)

60:0002548 monocyte chemotaxis (54g)

5 ]
UMRD <- tscore > pMRD

6010002294 CD4-positive, alpha-beta T cell diferentiation involved in immune response (94g)

IL1R2
IGKC
co163
Z8TB16
MFGES
VvsiGa
JCHAIN
HLA-DQA2
cw
GIMAP?
IGHG4
ALOX158
HOPX
IL18R1
PPBP
RORA
VEGFA
ILIRAPL2
SNAI
IGHA1
IL2R8
USPoY
SBK1
IL2RA
HSD11B1
TWISTI
cxcLi4
(@]
TGFB2
TNFSF14

Peripheral blood

Bone marrow

Expression

IGKC
L1R2 | NH Il
CD163 | |
ZBTB16 |
MFGES
IL18R1
JCHAIN
IGHG3
HLA-DQA2
VSIG4
IGHG4
IL7R
HOPX
PPBP
KLRB1
RORA
FOSB
DUSP6
KLF2
TAGAP
ccLs
CCL3L3
SBK1
IL2RB
IGHA1
USPoY
IL23R
CSF1
IL2RA
CCLaL2

Identity
® pMRD
uMRD

uMRD monocytes display pro-inflammatory and T-cell-supportive programs.

PMRD monocytes adopt a regulatory, innate-skewed phenotype.
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Take home messages

Our findings reveal two distinct immune trajectories following therapy:

MRD eradication MRD persistence

is marked by balanced lympho—myeloid proportions, is characterized by reduced immune diversity, and |

preservation of naive T-cell pools, and inflammatory plasma cell-imprinted transcriptional states across
myeloid cell reprogramming. immune subsets. :

Persistent MRD is not simply a tumor-intrinsic phenomenon,
but reflects a resistant, tumor-influenced immune ecosystem.
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