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Abstract: Extramedullary multiple myeloma (EMM), defined in this review as soft tissue
plasmacytomas resulting from hematogenous spread, is characterized by the ability of
MM cells to proliferate outside of the bone marrow microenvironment. It is aggressive,
often associated with high-risk cytogenetics and early relapse, and independently por-
tends significantly shorter progression-free and overall survival, even in the era of highly
effective immunotherapies. The molecular and microenvironmental factors underlying
extramedullary MM dissemination continue to be studied to inform the development of
better treatments. In this review, we discuss our current understanding of the biology of
EMM, focusing on its distinct molecular and microenvironmental characteristics vis-à-vis
MM. We also review the current treatment strategies, acknowledging the paucity of large,
randomized studies specific to this population.
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1. Introduction
Multiple myeloma (MM) is a cancer of plasma cells arising within the bone marrow

(BM), and is dependent on the marrow microenvironment for survival and proliferation [1].
The MM cell originates from a post-germinal center B cell that has undergone sequential
rounds of hypermutation and antigenic selection through the class-switch recombination
process in lymph node germinal center [2]. However, this is not sufficient to result in MM,
as the MM clone needs to home into the BM for survival. There, over time, it can induce
immune microenvironment changes and form specialized micro-niches, which underlie
the patchy distribution of myeloma tumor cells within the BM [3]. Within this favorable
sanctuary, MM cells acquire secondary genetic aberrations and accumulate a sufficient
clonal burden to eventually progress to symptomatic MM [1]. The majority of the classical
myeloma clinical features are the direct consequence of disrupted homeostasis within the
BM microenvironment—anemia from MM replacement and suppression of normal BM
progenitor cells, lytic bone lesions, and hypercalcemia from altered bone metabolism [4].

Less commonly, clonal plasma cells can form tumors at anatomical sites outside of the
BM: (1) extramedullary MM (EMM), defined as MM with visceral and soft tissue disease
not contiguous with the bone, and (2): MM with paraskeletal disease (PSD), defined as
MM with plasmacytomas growing contiguously from BM lesions following cortical bone
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disruption. Importantly, solitary plasmacytoma—defined as a single extramedullary cluster
of plasma cells with <10% clonal plasma cells in the BM—does not meet the diagnostic
criteria for MM and is not considered EMM or PSD [5]. Additionally, plasma cell leukemia
(PCL), defined by the International Myeloma Working Group (IMWG) as the presence of
≥5% circulating plasma cells in the peripheral blood [6], is a distinct entity that is commonly
excluded from contemporary definitions of EMM.

There is currently no standard definition of EMM, and historical definitions have
included varying permutations of these presentations [7–13]. An unambiguous definition
of EMM is important, especially because certain patterns of extramedullary involvement
have emerged as poor prognostic markers independent of the revised international staging
system (R-ISS) stage, high-risk cytogenetics, or type of therapy [14]. The emerging con-
sensus on the definition of EMM have excluded paraskeletal disease, which appears to
have better outcomes than EMMbased on various retrospective analyses (Table 1) [15]. In a
uniformly treated cohort of 351 patients with RRMM receiving ide-cel, a BCMA-directed
CAR-T therapy, patients with EMM had a significantly inferior PFS (hazard ratio of 1.7)
compared to PSD [16]. Similarly, in an EBMT study of patients undergoing autologous
stem cell transplant, EMM had significantly inferior outcomes compared to PSD with a
3-year overall survival of 58% for EMM versus 78% for PSD (p < 0.001) [17]. In line with
this, we define EMM as an extraosseous clonal plasma cell mass involving soft tissue or
organs not contiguous with bone lesions.

Table 1. Incidence of EMM and outcomes in the era of conventional chemotherapy and novel therapies.

Study
Type

Year Pub-
lished
(Time

Period)

Imaging
Used to
Assess

for EMD

Population

Type of
EM

Involve-
ment

Incidence
of EMM Treatments PFS OS Ref

Single-
center

retrospec-
tive

analysis
(USA)

2022
(1970–
2018)

Not
reported

1304
patients

(256
EMD)

PSD (1º):
230

(17.6%)
EMM (1º):

26 (2%)
PSD (2º):

142 (14.6%)
EMM (2º):
50 (5.1%)

1º: 2%
2º: 5.1%

Chemotherapy
(n = 873);

PI (n = 180);
IMiD (n = 70);

PI + IMiD
(n = 150);

Monoclonal
antibody
(n = 16)
ASCT

(n = 413)

Not
reported

mOS (1º):
20 (EMM) vs.
44 (PSD) vs.

45 (no EMM)
months

mOS (2º):
13 (EMM) vs.
14 (PSD) vs.

20 (no EMM)
months

[18]

Meta-
analysis of

8 trials:
GIMEMA-
MM-05-05,
GIMEMA-
MM-03-05,

RV-MM-
PI-209,

RV-MM-
EMN-441,
EMN01,

MMY2069,
IST-CAR-

506,
IST-CAR-

561

2020
(2010–
2018)

Skeletal
survey,
MRI, or

CT

2322
NDMM

(267
EMD)

PSD (1º):
243

(10.4%)
EMM (1º):
12 (0.5%)

Unclassified:
12 (0.5%)

1º: 0.5%

IMiD
backbone
(n = 166),

PI backbone
(n = 66),

IMiD + PI
backbone
(n = 35)

followed by
ASCT

(n = 155)

mPFS:
24.3 (PSD)

vs. 26.1
(EMM) vs.

25.2 (no
EMD)

months

mOS: 67.3
(PSD) vs.

70.1 (EMM)
vs. 79.9 (no

EMD)
months

[19]



Curr. Oncol. 2025, 32, 182 3 of 26

Table 1. Cont.

Study
Type

Year Pub-
lished
(Time

Period)

Imaging
Used to
Assess

for EMD

Population

Type of
EM

Involve-
ment

Incidence
of EMM Treatments PFS OS Ref

Multi-
center

retrospec-
tive

analysis
(11 Euro-

pean
countries)

2020
(2010–
2017)

PET/CT
(n = 50),

MRI
(n = 35),

CT
(n = 133)

226
ND/RRMM
with EMD

PSD (1º):
38 (16.8%)
EMM (1º):
92 (40.7%)
PSD (2º):
12 (5.3%)
EMM (2º):
84 (37.2%)

Not
reported

PI,
IMiD

PI + IMiD
Monoclonal

antibody

mPFS (1º):
51.7 (PSD)

vs. 38.9
(EMM)
months

mPFS (2º):
20.9 (PSD)

vs. 11.4
(EMM)
months

mOS (1º):
NR (PSD) vs.
46.5 (EMM)

months;
mOS (2º):
39.8 (PSD)

vs. 13.6
(EMM)
months

[20]

EBMT
registry
analysis

2019
(2003–
2015)

Not
reported

488
NDMM

with EMD

PSD (1º):
76%

EMM (1º):
18%

Not
reported

Upfront
ASCT (single
or tandem or

auto-allo)
within

12 months of
diagnosis

4y PFS:
44% (PSD)

vs. 39%
(EMM)

4y OS: 72%
(PSD) vs.

60% (EMM)
vs. 46%
(both)

[21]

EBMT
registry
analysis

2018
(2005–
2014)

Not
reported

3744
NDMM

(682
EMD)

PSD (1º):
543

(14.5%)
EMM (1º):
139 (3.7%)

1º: 3.7%

Upfront
ASCT (single

or tandem)
within

12 months of
diagnosis

3y PFS:
50% (PSD)
vs. 39.9%
(EMM) vs.
47.9% (no

EMD)

3y OS: 77.7%
(PSD) vs.

58% (EMM)
vs. 80.1% (no

EMM)

[17]

Single-
center

retrospec-
tive

analysis
(South
Korea)

2017
(2009–
2016)

PET/CT
64

NDMM
with EMD

PSD (1º):
42 (65.6%)
EMM (1º):
22 (34.4%)

Not
reported

Vd (n = 7),
Td (n = 23),

VTd (n = 11),
VMP (n = 16),

MP (n = 6);
followed by

ASCT (n = 28)

mPFS:
16.1 (PSD)

vs. 16
(EMM)
months

2y OS (1º):
52.6% (PSD)

vs. 35.1%
(EMM)

[22]

Single-
center

retrospec-
tive

analysis
(India)

2017
(Not

reported)

PET/CT,
MRI

271
NDMM

(44 EMD)

PSD (1º):
30 (11.1%);
EMM (1º):

8 (3%);
PSD +

EMM (1º):
6 (2.2%)

1º: 5.2%

Novel agents
(n = 27),

Conventional
chemo

(n = 17);
followed by

ASCT (n = 44)

mPFS: 18
(all EM)

vs. 44 (no
EM)

months

mOS: 32 (all
EM) vs. 100

(no EM)
months

[23]

Single-
center

retrospec-
tive

analysis
(Italy)

2016
(2000–
2010)

XR, CT,
MRI

329 pa-
tients

(103 with
secondary

EMD)

PSD (2º):
34 (10.3%)
EMM (2º):
43 (13.1%)
PCL (2º):
26 (7.9%)

2º: 13.1%

Not reported
specifically
for EMM

(chemotherapy,
bortezomib,

lenalidomide,
thalidomide)

Not
reported

mOS: 2.4
(PSD) vs. 1.6

(EMM +
PCL) vs. 11
(no EMM)

years

[24]

Multi-
center

phase 2
clinical

trial
(Japan)

2016 Not
reported

36 RRMM
(5 EMM)

EMM-B: 4
EMM: 1
(2.8%)

2.8% Pomalidomide
+ Dex

Not reported specifically
for EMM but none of

the EMM patients
achieved ≥ PR

[25]
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Table 1. Cont.

Study
Type

Year Pub-
lished
(Time

Period)

Imaging
Used to
Assess

for EMD

Population

Type of
EM

Involve-
ment

Incidence
of EMM Treatments PFS OS Ref

Single-
center

retrospec-
tive

analysis
(China)

2015
(1993–
2013)

XR, US,
CT

834 pa-
tients

(68 EMD)

EMM (1º):
40 (4.8%)
EMM (2º):
28 (3.4%)

1º: 4.8%
2º: 3.4%

IMiD
backbone
(n = 11),

PI backbone
(n = 17),

Alkylating
agent (n = 4),
Dexamethasone-
based (n = 8)
followed by
ASCT (n = 5)

mTTP:
11.5

(EMM) vs.
25 (no
EMM)

months

mOS: 16.5
(EMM) vs.

40 (no EMM)
months

[26]

Single-
center

retrospec-
tive

analysis
(USA;
DFCI)

2015
(2005–
2011)

Not
reported

663 pa-
tients

treated
with

ASCT
(55 EMD)

EMM (1º):
13 (2%)

EMM (2º):
42 (6.3%)

1º: 2%
2º: 6.3%

Td (n = 25),
RVd (n = 23),
Vd (n = 15);

ASCT
(n = 55);
AlloSCT
(n = 15)

Not
reported

mOS:
49.2 months
(from MM
diagnosis);

15.6 months
(from EMM
diagnosis)

[27]

Single-
center

retrospec-
tive

analysis
(USA;

DFCI/MGH)

2015
(2003–
2012)

CT,
PET/CT,

MRI

117
patients
(40 with
EMD at

diagnosis;
40 at

relapse)

PSD (1º):
38 (32.5%)
EMM (1º):
2 (1.7%);
PSD (2º):

21 (17.9%)
EMM (2º):
8 (6.8%)
PSD +

EMM (2º):
11 (9.4%)

1º: 1.7%
2º: 16.2%

8 clinical
trials of
upfront

bortezomib-
based

regimens
with/without
lenalidomide;
followed by

ASCT (n = 57)
or

AlloSCT
(n = 4)

Not
reported

2º: mOS: 2.47
(PSD) vs. 0.9
(EMM) years

[28]

Single-
center

retrospec-
tive

analysis
(Czech

Republic)

2013
(2005–
2008)

US, CT,
MRI

226
RRMM
(55 with
EMD at
relapse)

PSD (2º):
23 (10.2%)
EMM (2º):
32 (14.2%)

2º: 14.2%

Treatment at
time of EM
relapse not

reported

mTTP:
5.4 months

mOS: 38
(EM) vs. 109

(no EM)
months; 30
(EMM) vs.
45 (PSD)
months

[29]

Single-
center

retrospec-
tive

analysis
(Germany)

2012
(2007–
2010)

Not
reported

357
RRMM

(24 EMD)

EMM (2º):
24 (6.7%) 2º: 6.7%

RT (n = 16),
ASCT (n = 6),

velcade
(n = 16),

lenalidomide
(n = 12),

thalidomide
(n = 8)

mPFS:
2 months

mOS:
7 months [30]

Single-
center

retrospec-
tive

analysis
(USA;

UAMS)

2012
(2000–
2010)

PET/CT

1965 pa-
tients
(101

EMD)

EMM (1º):
66 (3.4%)
EMM (2º):
35 (1.8%)

1º: 3.4%
2º: 1.8%

ASCT as part
of total

therapy and
non-total
therapy

protocols

5y PFS
(1º): 21%

(EMM) vs.
50% (no
EMM)

5y OS (1º):
31% (EMM)
vs. 59% (no

EMM)

[10]
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Table 1. Cont.

Study
Type

Year Pub-
lished
(Time

Period)

Imaging
Used to
Assess

for EMD

Population

Type of
EM

Involve-
ment

Incidence
of EMM Treatments PFS OS Ref

Single-
center

phase 2
clinical

trial
(USA;
Mayo
Clinic)

2011
(2007–
2010)

PET/CT,
CT, MRI

174
RRMM

(16 EMM)

EMM (1º):
3 (1.7%)

EMM (2º):
13 (7.5%)

1º: 1.7%
2º: 7.5%

Pomalidomide
+ Dex

Not
reported

mOS: 16
(EMM) vs.

NR (no
EMM)

months

[31]

Single-
center

retrospec-
tive

analysis
(Italy)

2009
(1971–
2007)

XR, CT,
MRI

1003 MM
patients

(132 with
EMM; 76

at
diagnosis,

56 at
relapse)

PSD (1º):
~65 (6.5%)
EMM (1º):
~11 (1.1%);

PSD (2º):
~40 (4%)
EMM (2º):
~16 (1.6%);
PCL (2º): 9

(0.9%)

1º: ~1.1%
2º: ~1.6%

1971–1993:
conventional-

dose
chemother-

apy;
1994–1999:

ASCT < 65yo;
2000–2007: PI,
IMiD-based

mPFS: 18
(all EMM)
vs. 30 (no

EMM)
months

mOS: 36 (all
EMM) vs. 43

(no EMM)
months

[11]

Multi-
center

retrospective
analysis

(7 centers
in the

Nether-
lands)

2008 Not
reported

172 pa-
tients
who

received
sequen-

tial
auto-

alloSCT

EMM (2º):
11 (6.4%) 2º: 6.4%

Donor
lymphocyte

infusions
(n = 3),

thalidomide
(n = 6),

bortezomib
(n = 2),

dexamethasone
(n = 2),

RT (n = 4)

mPFS:
2.4 years
(not sig-

nificantly
different
between

EMM and
no EMM)

1y OS: 61%
(EMM) vs.

73% (no EM)
[32]

Multi-
center

retrospective
analysis
(Grupo

Espanol de
Mieloma)

2006
(1999–
2004)

Imaging
only if
symp-

tomatic

70 pa-
tients
who

received
alloSCT

EMM (2º):
10 (14.3%) 2º: 14.3% Not reported Not

reported Not reported [33]

EMM: extramedullary multiple myeloma; EMD: extramedullary disease including EMM and paraskeletal disease
(PSD) when the study does not specify. HR: hazard ratio; OS: Overall Survival; ORR: overall response rate; mPFS:
median progression-free survival; PCL: plasma cell leukemia, PD: progressive disease; PSD: paraskeletal disease;
RRMM: relpased/refractory multiple myeloma; TTP: time-to-progression; 1º: primary EMM, 2º: secondary EMM.

2. Epidemiology
The true incidence of EMM is hard to accurately ascertain and varies considerably

owing to its rarity, differing definitions in the past, as well as heterogeneity in imaging
modalities utilized for the assessment of bony lesions and inconsistent surveillance in
the absence of suspicious symptoms or other clinical finding. Nonetheless, the overall
incidence of EMM has been reported to range from 0.5 to 5.2% at diagnosis (primary
EMM) and 5-30% at relapse (secondary EMM); PSD seems to be more common, present in
7–32% of patients at diagnosis and around 10-30% at relapse for secondary paraskeletal
plasmacytoma (Table 1) [10,11,17,19–24,26–33].

EMM can involve virtually any organ, including the central nervous system (CNS) [34],
lymph nodes [35], spleen [35], breast [36], thyroid [36], throat [37], lungs [38], gastroin-
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testinal tract [39], liver [35], heart [40], pancreas [41], reproductive organs [42,43], skin [44],
muscle [45], and adrenal glands [46]. A retrospective review of MM patients treated at the
Mayo Clinic between Jan 2000 and Dec 2021 identified 299 pathology-proven patients with
EMM, of which 157 (52%) had visceral disease and 142 (48%) had non-visceral disease [47].
The most common visceral sites included liver (32%) followed by lung/pleural effusion
(31%). The most common non-visceral sites are soft tissue/musculoskeletal (excluding
PSD) (78%) followed by lymphadenopathy (30%) [47]. While there was a trend toward
inferior survival for visceral EMM, this was not noted to be independently prognostic [47].

3. Pathogenesis of Multiple Myeloma Within the Context of the
BM Milieu

Both EMM and MM are characterized by the clonal expansion of malignant plasma
cells that have undergone somatic hypermutation and class-switch recombination. Class-
switch recombination, specifically, is error-prone and can result in chromosomal translo-
cations between the immunoglobulin heavy-chain (IgH) locus (which contains strong
enhancers) and oncogenes such as cyclin D1/t (11;14), cyclin D3/t (6;14), FGFR3/t (4;14),
MAF/t (14;16), and MAFB/t (14;20) [48]. These primary IgH translocations account for
roughly half of the initiating events, and gain of odd-numbered chromosomes (hyper-
diploidy) accounts for the rest [49]. Analogous to a long-lived plasma cell, the transformed
clone then needs to establish a niche within the BM to survive, giving rise to monoclonal
gammopathy of undetermined significance (MGUS), a premalignant condition character-
ized by a low tumor burden and the potential to accumulate a sufficient tumor burden to
cause symptomatic MM [50]. Supporting this, epidemiological studies have shown that
MGUS consistently precedes MM (i.e., all MM evolves from MGUS) and progresses to MM
at a rate of about 1% per year (i.e., not all MGUS becomes MM) [51,52].

Several key pathways facilitate MM marrow infiltration, and chief among them is the
CXCL12-CXCR4 axis. Myeloma cells highly express CXCR4 [53], a chemokine receptor that
interacts with CXCL12, which in turn is highly expressed in the BM microenvironment
and functions canonically to support quiescence and BM retention of hematopoietic stem
cells (HSCs) [54]. Consistent with this, the CXCR4 inhibitor plerixafor disrupts MM-BM
interaction [55] and rapidly mobilizes MM in the peripheral blood [56]. Importantly, a
phase I/II trial assessing weekly plerixafor in relapsed/refractory MM (RRMM) did not
report any extramedullary disease or plasma cell leukemia at the median follow-up of 5.5
(range 0.5–34) months [56], suggesting that extramedullary dissemination of MM relies
on more than just its ability to leave the BM. Other important chemokines that mediate
MM trafficking into the BM include MIP-1α/CCL3 (receptors: CCR1, CCR3), MIP-1β
(receptor: CCR5), RANTES/CCL5 (receptors: CCR1, CCR3, CCR5), and IL-8/CXCL8
(receptor: CXCR1, CXCR2) [57]. CXCL12-CXCR4 engagement also upregulates adhesion
molecules to promote firm adhesion to the fenestrated BM sinusoidal endothelium, a
crucial step for MM transmigration through the endothelial layer, basal lamina, and into
the BM [58]. The key adhesion molecules expressed by MM include α4β1 integrin (binds
VCAM-1), α4β7 integrin (binds MAdCAM-1 and fibronectin), CD44 (binds hyaluronic
acid), PSGL-1 (binds P- and E-selectin), and CD56 [58]. Within the BM, α4β1, α4β7, and
CD56 function to anchor MM cells, preventing egress [59–62].

Direct contact and paracrine interactions between MM and the various BM compart-
ments (stromal, endothelial, immune, and osteogenic) reprogram the BM niche [63,64]. For
example, BM stromal–MM cell adhesion upregulates NFkB-dependent transcription and
IL-6 secretion, as well as other prosurvival pathways such as MAPK/ERK, JAK/STAT,
and Pi3K/Akt [65]. This creates a permissive environment that the myeloma-initiating
clone is dependent on for survival, where it can acquire secondary genetic aberrations (e.g.,
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del(17p13), gain(1q), and del(1p)) [66] and accumulate a sufficient clonal burden to cause
symptomatic MM.

4. Pathophysiology of Extramedullary Multiple Myeloma
Current evidence supports the notion that extramedullary spread occurs after multiple

myeloma (MM) has homed to the BM and eventually loses BM dependency and anchorage,
allowing EMM to egress, survive, and proliferate outside the BM [67,68].

4.1. Insights from Immunophenotypic Studies

Extramedullary myeloma cells generally downregulate chemokine receptors (e.g.,
CXCR4, CCR1, CCR2) and adhesion molecules (e.g., CD56, CD177, VLA-4), while upregu-
lating migration molecules (e.g., CD44, CD81, nestin) (Figure 1) [69]. CD56 is a membrane
glycoprotein expressed by MM cells in approximately 65–80% of patients, but not normal
plasma cells and is notably rarely expressed in plasma cell leukemia [61,70]. In MM cells,
CD56 functions to anchor MM cells to the BM stroma, and an absence of CD56 has been
associated with a higher incidence of extramedullary disease [62]. Analysis of paired bone
marrow (BM) and extramedullary samples revealed that extramedullary multiple myeloma
(MM) cells lacked CD56 expression, while BM myeloma cells exhibited varying levels of
CD56 expression, further supporting the role of CD56 in extramedullary dissemination [61].
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Figure 1. Immunophenotype of MM (Left) and EMM (Right). Top: Flow cytometry and immuno-
histochemistry analyses reveal significant differences in the expression of chemotactic and adhesion
receptors between EMM and MM. Bottom: Next-generation sequencing studies show increased
expression of free light-chains and CD70 in EMM cells and decreased expression of therapeutic
targets such as CD38, SLAMF7, GPRC5D, and FCRH5. There was also enrichment of CD8+ T cells
and NK cells within the EMM microenvironment. (Created using Biorender).
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4.2. Insights from Molecular Studies

While the exact mechanisms underpinning the transformation of MM to EMM remain
unknown, analysis of cytogenetic and gene expression profiles (GEPs) of paired samples
from BM and extramedullary sites reveal spatial heterogeneity, suggesting that clonal selec-
tion with high-risk features may drive the development of EMM [71]. For example, a study
found that BM samples had a higher frequency of del(13q14) and 14q32 rearrangements
compared to EMM sites [72]. Another study investigating a small subset of 15 genes from
the GEP-70 risk-stratification model [73] revealed significant differences in expression levels
of 9/15 genes [74]. However, the role of these chromosomal abnormalities and genes in
driving BM independence and extramedullary spread is yet to be determined. Indeed, the
genetic and microenvironmental events leading to extramedullary disease escape are not
fully understood. Although available cytogenetic studies suggest greater complexity in
EMM compared to BM with enrichment of high-risk features such as t(4;14), del(17p), and
chromosome 1 abnormalities [72,74–87], there is no unifying cytogenetic signature that pre-
dicts extramedullary disease. Studies also show that patients classified as high-risk by GEP
have a higher likelihood of developing EMM, although GEP is not routinely performed
in clinical practice currently [10]. A matched cohort study of patients with and without
EMM implicated a younger age at diagnosis, 1q duplication, and t(4;14) as independent
predictors of development of secondary EMM [47].

A recent study performed FISH, whole-exome sequencing (WES), and bulk RNASeq
sequencing of 14 EMM samples obtained from biopsies of soft tissue tumors, 8 paired and
6 unpaired samples obtain from the BM at the time of diagnosis, and 14 unpaired BM
samples from RRMM patients without EMM [88]. Single-cell RNASeq and whole-exome
sequencing were also performed on some samples. The study found that +1q21 was the
most frequent aberration in EMM, present in 86%, followed by del(13q) and del(17p) at
57% and 43%, respectively [88] (Figure 2). In this cohort, mutations in the MAPK signaling
pathway were found in 93% of EMM samples, with KRAS being the most frequently
mutated gene in 71% of EMM samples [88]. Another whole-exome sequencing study of
18 EMM samples identified MAPK pathway mutations in 94% of samples, most commonly
in NRAS (33%), KRAS (22%), and BRAF (22%) [89]. Mutations in the RAS/RAF pathway
are common in MM (40–60% in both newly diagnosed and relapsed disease) and can be
noted even in precursor conditions at lower frequencies [90–92]. In contrary to precursor
conditions, the RAS/RAF mutations were more likely to be clonal in nature in EMM. Overall,
EMM sites were noted to have a higher tumor mutational burden compared to bone marrow
aspirates collected at the time of development of extramedullary disease [89]. Beyond the
mutational profile, EMM was noted to be genomically complex, with a higher burden of
copy number abnormalities compared to its bone marrow counterparts [89,93]. In particular,
significant amplification peaks in CNAs were noted in 1q21+ and 1q21 gain/amplification,
and MAPK pathway mutations co-occurred in a large proportion of EMM samples [88].
Importantly, co-occurrence of +1q21 and KRAS mutations was found to be associated
with a significantly higher risk of soft tissue plasmacytoma development in the publicly
available CoMMpass dataset (HR: 2.4, p = 0.011) [88]. Mutations in certain genes like
ROBO1 and ROBO2, which have a role in bone marrow stromal adhesion, were more
frequent in EMM [89]. Murine models with infusion of ROBO1 knockdown MM cell lines
have demonstrated a higher degree of extramedullary spread [94]. ROBO1 and ROBO2
loss has also been demonstrated to increase cancer cell migration in other solid tumors,
along with upregulation of the TGF-β and WNT pathways [95,96].
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Figure 2. Current understanding of the molecular pathogenesis of EMM: Extramedullary tumors are
enriched in MAPK alterations that are frequently clonal, and a complex genomic profile with higher
mutational burden and copy number abnormalities. The microenvironment is enriched in exhausted
T-cells and the plasma cells demonstrated altered metabolic programming and less dependence on
the bone marrow (Created using Biorender).

While the exact mechanisms underpinning the transformation of MM to EMM remain
unknown, cytogenetic and next-generation sequencing studies have shown that EMM cells
have a higher tumor mutational burden, greater copy number abnormalities (including
+1q21), enrichment in del(13q) and del(17p), and mutations within the MAPK pathway.
Conversely, FISH studies reveal a higher frequency of del(13q14) and 14q32 rearrangements
in BM samples compared to EMM sites.

Recently, a few small studies have reported single-cell RNA sequencing data for EMM.
A common theme of their findings is a preponderance of clonal plasma cells, paucity
of the immune cell fraction, and predominantly exhausted cytotoxic T-cell subset with
significant intra- and interpatient heterogeneity. Patients with EMM demonstrated a lower
expression of CXCR4, supporting decreased BM homing as a mechanism of extramedullary
dissemination. Additionally, EMM cells underexpress therapeutic targets such as CD38,
SLAMF7, GPRC5D, and FCRH5, implicating antigen loss as a possible mechanism of
resistance to monoclonal antibodies and T-cell-redirecting therapies. Notably, however,
BCMA, the most prevalent target, maintained its expression levels [88] (Figure 1).

4.3. Insights from Immune Microenvironment Studies in EMM

Significant intralesional heterogeneity exists within EMM. A recent spatial transcrip-
tomic study of EMM tumors demonstrated that exhausted TIM3+/PD-1+ T cells diffusely
colocalized with MM cells, whereas functional and activated CD8+ T cells showed a focal in-
filtration pattern along with M1 macrophages in tumor-free regions. Additionally, there was
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a significant intralesional heterogeneity for CNAs and expression of relevant therapeutic
targets like GPRC5D and TNFRSF17 [97]. Another single-cell RNA sequencing study of five
EMM samples showed a relative paucity of immune cells in the EMM microenvironment,
which were mainly comprised of CD8+ T cells (7%) and NK cells (1.8%) [88]. In contrast, a
separate study utilizing multiplex immunofluorescence (mIF) to spatially immunoprofile
the pre-CART microenvironment in EMM found that the proportion of CD8+ T cells was
significantly reduced within tumor areas compared to adjacent normal areas. Additionally,
the CD8+ T cells within the EMM tissue were exhausted, and expressed multiple inhibitory
immune checkpoints including PD-1, LAG-3, and TIM-3 [98]. Single-cell RNASeq also
showed significant interpatient heterogeneity of EMM cells, reinforcing the notion that
multiple distinct molecular pathways can lead to the development of extramedullary dis-
ease [88]. Another single-cell RNASeq analysis of MM cells obtained from BM biopsies of
nine RRMM and pleural effusion or ascites from four EMM patients identified differentially
overexpressed genes involved in proliferation/cell-cycle progression, glycolysis, oxidative
phosphorylation, proteasome, and antigen presentation genes in EMM versus higher levels
of TNFa-induced NFkB pathway genes in BM-derived MM [83].

Finally, a single-cell RNA and ATAC sequencing study identified 68 “stromal interac-
tion” genes overexpressed in MM cells co-cultured with BM stromal cells and significantly
enriched in EMM obtained from malignant ascites and pleural effusions, suggesting that
autonomous upregulation of these genes could contribute to BM stromal independence
and survival outside the BM [65]. Functional annotation revealed that these genes play a
role in cytokine/chemokine signaling, extracellular matrix organization, and cellular mi-
gration [65]. Ten out of these sixty-eight genes were independently prognostic of survival:
five were associated with favorable survival (AKAP12, GADD45A, VCAN, FSCN1, FSTL1)
and five with decreased survival (AIM2, ZEB2, IL6, ARAP3, PTK2). A summary measure
of the expression of these 10 genes was used to develop an adverse stromal interaction
(ASI+) signature. Patients with an ASI+ signature were noted to have increased rates of
detectable CTCs at diagnosis. Additionally, ASI+ in newly diagnosed MM was associated
with an increased prevalence of disseminated bone disease at diagnosis and higher rates of
progressive bone and soft tissue disease over time [65].

Overall, EMM lesions are genomically complex and heterogeneous that are en-
riched in MAPK pathway mutations and copy number abnormalities, especially 1q
gain/amplifications, and an immune microenvironment that is notable for exhausted
effector T-cells. While no exclusive unifying marker for EMM biology has been identified,
these recent biological insights have been crucial to improve our understanding of this
aggressive entity.

5. Treatment and Prognosis of Multiple Myeloma and Extramedullary
Multiple Myeloma in the Era of Novel Therapies

The past two decades have seen the approval of 16 new drugs, marking three treat-
ment eras: (1) conventional chemotherapy (1950s–early 2000s), (2) novel therapies (early
2000s–early 2020s), and T-cell-redirecting therapies (late 2010s–present). This has led to
significant improvements in OS for patients with MM [99,100]. A recent single-center
retrospective study from Spain reported a quadrupling of median OS from 1980 to 2020
(22.4 to 103.6 months), driven largely by novel therapies including proteasome inhibitors
(PIs), immunomodulatory drugs (IMiDs), and anti-CD38 monoclonal antibodies [101]. In
contrast, survival improvements in EMM have been comparatively modest (summarized
in Table 1). A retrospective study did not demonstrate any improvement in overall survival
for patients with EMM who were diagnosed after 2010 compared to those diagnosed before
2010 [47].
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5.1. Outcomes of Primary EMM in the Era of Novel Therapies

Primary EMM is defined here as EMM present at the initial diagnosis. A meta-analysis
of eight trials of IMiD- or PI-based therapy between 2010 and 2018 included 12 patients with
primary EMM, with a median OS of 70.1 months for EMM versus 79.9 months in patients
without EMM [19]. A multi-center retrospective analysis of 226 patients treated across
11 European countries between 2010 and 2017 with novel therapies including anti-CD38
monoclonal antibodies pooled 92 patients with primary EMM and reported a median OS
of 46.5 months [20]. In contrast, the median OS was not reached in the 38 patients with
primary PSD that were included in the analysis [20]. The European Society for Blood
and Marrow Transplantation (EBMT) published two registry analyses of patients with pri-
mary EMM who received upfront ASCT between 2003 and 2015, including approximately
85 and 139 patients (with some overlap). In the first study, the 4-year OS was 60% in
patients with EMM alone and 46% in patients with both EMM and PSD [21]. In the second
study, the 3-year OS was 58% in EMM versus 80.1% in patients without EMM or PSD [17].
A retrospective review by the Mayo Clinic for patients diagnosed between 2000 and 2021
reported that patients with primary EMM had an inferior median OS of 3.6 years compared
to 7.1 years in a matched cohort without EMM, further supporting the notion that EMM
is biologically distinct with an inferior prognosis [47]. A 2017 single-center retrospective
analysis from South Korea compared 22 patients with primary EMM to 42 patients with
primary PSD treated with PI and/or IMiD-based regimens between 2009 and 2016 [22].
The study reported a 2-year OS of 35.1% for EMM versus 52.6% in 42 patients with primary
PSD [22]. A single-center Chinese study retrospectively identified 40 patients with primary
EMM (and 28 patients with secondary EMM) in their cohort of 834 patients treated with
PI or IMiD combinations and reported a median OS of 16.5 months in patients with EMM
versus 40 months in patients without EMM or PSD [26]. In 2015, the Dana Farber Cancer In-
stitute (DFCI) published a retrospective analysis of 55 patients with EMM (of which 13 were
new diagnoses) treated with PI and/or IMiD-based therapies between 2005 and 2011 and
reported a median OS of 49.2 months [27]. A single-center phase II trial at the Mayo Clinic
included 174 patients with RRMM treated with pomalidomide and dexamethasone, of
whom 3 had primary EMM and 13 had secondary EMM. The median OS was 16 months in
patients with EMM and was not reached in patients without EMM [31]. A single-center
retrospective analysis from the US evaluated 1304 patients with novel therapies including
monoclonal antibodies, of whom 26 had primary EMM [18]. The median OS for primary
EMM was 20 months versus 45 months for patients without EMM [18].

Lastly, a recent single-arm study of 10 patients with primary EMD (5 with PSD, 5 EMM)
treated with selinexor in combination with bortezimib, lenalidomide, and dexamethasone
reported an ORR of 100% with 1 CR (20%) and 2 VGPRs (40%) in the EMM group. At a
median follow-up of 15 (range: 5–18) months, the median PFS and OS were not met for the
entire cohort, and the 1-year PFS and OS rates were 60% and 90%, respectively [102].

5.2. Outcomes of Secondary EMM in the Era of Novel Therapies

Secondary EMM is defined here as development of EMM at disease relapse. A multi-
center retrospective analysis of 226 patients treated across 11 European countries between
2010 and 2017 included 84 patients with secondary EMM treated with novel agents includ-
ing anti-CD38 monoclonal antibodies [20]. A single-center retrospective study from Italy of
329 patients identified 103 patients with secondary EMD treated with PI, IMiDs, and/or
conventional chemotherapy between 2000 and 2010. The 103 EMD patients comprised
43 EMM, 26 PCL, and 34 PSD. The median OS was 1.6 years in the EMM and PCL group ver-
sus 2.4 years in patients with PSD and 11 years in patients without EMD [24]. A long-term
follow-up of eight clinical trials involving 117 patients treated with upfront bortezomib-
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based regimens with/without lenalidomide at the Dana-Farber Cancer Institute (DFCI)
between 2003 and 2012 identified 19 patients with secondary EMM and 21 patients with
PSD. The median OS was 0.9 years for secondary EMM compared to 2.5 years for PSD [28].
A single-center retrospective analysis from Germany included 351 patients with RRMM
treated with PI and/or IMiD-based regimens between 2007 and 2010, of whom 24 had
secondary EMM with a median OS of 7 months [30]. Finally, a single-center retrospective
analysis from the US evaluated 1304 patients with novel therapies including monoclonal
antibodies, of which 50 had secondary EMM [18]. The median OS of secondary EMM was
13 months versus 20 months for patients without EMM [18].

6. Treatment and Prognosis of Multiple Myeloma and Extramedullary
Multiple Myeloma in the Era of T-Cell-Redirecting Therapies

Chimeric antigen receptor T-cell therapy (CART) targeting B-cell maturation antigen
(BCMA) and bispecific T-cell engagers against BCMA and G-protein coupled receptor
class C group 5 member D (GPRC5D) have emerged as highly effective options even in
patients with triple-class and penta-refractory disease. Currently, there are two commercial
BCMA-CART products available for RRMM in the United States: idacabtagene-vicleucel
(ide-cel) and ciltacabtagene-autoleucel (cilta-cel). Ide-cel was approved based on a phase 2
KarMMa study, which demonstrated an overall response rate (ORR) of 73% and median
PFS of 8.8 months [103]. Cilta-cel showed an ORR of 97.9% and median PFS of 34.9 months
in the phase 1b/2 CARTITUDE-1 registration trial [104]. Additionally, there are three
approved bispecific T-cell engagers. Teclistamab, a BCMAxCD3 bispecific antibody, was
evaluated in the phase 1/2 MajesTEC-1 study, reporting an ORR of 63%, median PFS of
11.4 months, and median OS of 22.2 months [105]. Elranatamab, another BCMAxCD3
bispecific antibody, demonstrated an ORR of 61% and 15-month PFS of 50.9% in the phase 2
MagnetisMM-3 study [106]. Talquetamab, a GPRC5DxCD3 bispecific antibody, showed an
ORR of 74% and median PFS of 11.9 months in the phase 1/2 MonumenTAL-1 study [107].

6.1. Outcomes of EMM in Patients Treated with Chimeric Antigen T-Cell Therapy (CART)

The registrational trials for ide-cel (KarMMa) and cilta-cel (CARTITUDE-1) included
50 (39%) and 13 (13%) patients with extramedullary disease (EMD), respectively
(Table 2) [103,104]. Notably, the KarMMa study combined EMM and PSD together in
their reporting. Distinguishing EMM from PSD remains important even in the era of cellu-
lar therapies as emerging data show that EMM is associated with significantly worse PFS
and OS following CART compared to PSD [108,109]. For example, in a retrospective study,
patients with PSD treated with either cilta-cel or ide-cel had similar survival outcomes to
those without EMM: the median progression-free survival was 11.2 versus 13.6 months,
respectively, and the median overall survival was not reached versus 27.5 months [109]. In
contrast, patients with EMM had significantly worse outcomes compared to the BM-only
group, with a median progression-free survival of 5.1 versus 13.6 months and a median
overall survival of 12.2 versus 27.5 months [109].
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Table 2. Summary of outcomes in the era of T-cell-redirecting therapies.

Study Type
Year

Published
(Time Period)

Population

Type of
T-Cell-

Redirecting
Therapy

Lines of
Therapy
Prior to

CART/BiTe

Efficacy in EMM Reference

Multi-center
retrospective

analysis
(USA)

2024
(data cutoff:

2023)

152 RRMM
(47 EMM)

Cilta-cel
Ide-cel

Median: 6;
range: 4–15

ORR: 58% (EMM)
vs. 96% (no EMM);
mPFS: 5.1 (EMM)
vs. 12.4 (no EMM)

months;
mOS: 12.2 (EMM)
vs. 27.5 (no EMM)

months

[109]

Multi-center
retrospective

analysis
(international)

2024
(not reported)

269 RRMM
(112 EMM)

Cilta-cel
Ide-cel

Investigational

Median: 6;
range: 6–7

EMM predicts for
early re-

lapse/progression
post-CART (HR:

1.92)

[110]

Single-center
retrospective

study
(USA; Moffitt)

2024
(2021–2023)

116 RRMM
(20 EMM;
10 PSD; 7

EMM + PSD)

Cilta-cel
Ide-cel

Median: 6;
range: 4–9

mPFS:
15.7 months (all

EMM);
mOS: 3.1 months

(all EMM)

[111]

Meta-analysis
of BiTEs vs.

CARTs

2023
(not reported)

172 RRMM
with EMM

(type of EMM
not specified)

CART Not reported ORR: 77% (EMM) [112]

Single-center
retrospective

study
(USA; Mayo

Clinic)

2023
(2000–2021)

299 RRMM
patients with

EMM;
EMM (1º): 95;
EMM (2º): 204

Cilta-cel
Ide-cel

Investigational

Median: 4;
range: 4–8

ORR: 75%;
mPFS: 4.9 months [47]

Single-center
retrospective

study
(USA)

2023
(2017–2023)

134 RRMM;
EMM (1º): 34;
PSD (1º): 25;
EMM (2º): 13

Cilta-cel
Ide-cel

Investigational
Not Reported

HR for PFS of 1º
EMM vs. no
EMM: 1.87;

HR for OS of 1º
EMM vs. no
EMM: 3.78

[108]

Multi-center
phase 2

clinical trial
(CARTITUDE-

2C)

2023
(data cutoff:

2021)

20 RRMM
(cohort C)

(5 EMM; type
of EMM not

specified)

Cilta-cel Median: 8;
range: 4–13 ORR: 60% (EMM) [113]

Multi-center
phase 1/2b
clinical trial

(CARTITUDE-1)

2021
(2018–2019)

113 RRMM
(13 EMM;

type of EMM
not specified)

Cilta-cel Median: 6;
range (4–8)

mDOR:
12.9 months
(EMM) vs.

23.3 months (all
patients)

[104]
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Table 2. Cont.

Study Type
Year

Published
(Time Period)

Population

Type of
T-Cell-

Redirecting
Therapy

Lines of
Therapy
Prior to

CART/BiTe

Efficacy in EMM Reference

Multi-center
retrospective

analysis
(USA)

2024
(2021–2023)

351 RRMM
(84 EMM) Ide-cel Median: 6;

range: 5–8

ORR: 52% (EMM)
vs. 82% (no EMM);
mPFS: 5.3 (EMM)
vs. 11.1 (no EMM)

months;
mOS: 14.8 (EMM)
vs. 26.9 (no EMM)

months

[16]

Multi-center
phase 2

clinical trial
(KarMMa)

2021
(2017–2020)

128 RRMM
(50 EMM;

type of EMM
not reported)

Ide-cel Median: 6;
range: 3–16

ORR of EMM
worse than no

EMM (no
specifics)

[103]

Multi-center
phase 1

clinical trial
(CRB-401)

2019
(2016–2018)

33 RRMM
(9 EMM; type
of EMM not

reported)

Ide-cel Median: 7;
range: 3–14 ORR: 89% (EMD) [114]

Meta-analysis
of 17 trials 2023 723 RRMM Investigational Median: 5

RR for ORR of
EMM vs. no EMD:

0.97;
RR for PFS of
EMM vs. no
EMM: 1.44;

RR for OS of EMM
vs. no EMM: 1.96

[115]

Single-center
phase 1/2a
clinical trial

(China)

2024
(2018–2022)

16 RRMM
(6 EMD; 3 had
EMM without

medullary
disease; type

of EMM
not reported)

Investigational
(bispecific

anti-BCMA
and anti-CS1

CART)

Median: 4;
range: 2–8

ORR: 0% (in
3 patients with
EMM without

medullary
disease)

[116]

Single-center
prospective
cohort study

(China)

2024
(2017–2023)

31 RRMM
patients with

EMM

Investigational
(anti-BCMA

and
anti-CD19

CART)

Median: 4;
range: 3–12

ORR: 90%
(medullary and

serological);
64.5% (imaging);
mPFS: 5 months;
mOS: 9.7 months

[98]

Single-center
phase 2

clinical trial
(China)

2022
(2017–2021)

69 RRMM
(15 EMM;

type of EMM
not reported)

Investigational
(anti-BCMA

and
anti-CD19

CART)

Median: 4;
range (2–17)

ORR: 80%;
mPFS: 8.3 (EM
M) vs. 21.4 (no
EMM) months;

mOS: 12.3 (EMM)
vs. NR (no EMM)

months

[117]

Single-center
phase 1

clinical trial
(China)

2021
(2018–2021)

61 RRMM
(7 EMM,
10 PSD,

10 EMM +
PSD)

Investigational
(anti-BCMA

CART)

Median: 3;
range (3–9)

CR: 59% (EMM)
vs. 81% (no EMM);

1 yr PFS: 34.4%
(EMM) vs. 60.2%

(no EMM)

[118]



Curr. Oncol. 2025, 32, 182 15 of 26

Table 2. Cont.

Study Type
Year

Published
(Time Period)

Population

Type of
T-Cell-

Redirecting
Therapy

Lines of
Therapy
Prior to

CART/BiTe

Efficacy in EMM Reference

Single-center
retrospective
analysis of 2
clinical trials

(China)

2021
(2017–2021)

60 RRMM
(25 EMM/

PCL;
35 without

EMM)

Investigational:
25

(CT103A: 7,
murine

anti-BCMA
CART: 18)

Median: 4;
range: 3–11

ORR: 84% (EMM)
vs. 94.4% (no

EMM);
mPFS: 121 (EMM)
vs. 361 (no EMM)

days;
mOS: 248 (EMM)

vs. 1024 (no EMM)
days

[119]

Single-center
phase 1

clinical trial
(China)

2021
(2017–2019)

30 RRMM
(14 EMM/

PCL)

Investigational
(murine

anti-BCMA
CART)

Median 4;
range: 3–11

ORR: 92.8%
(EMM/PCL) [120]

Single-center
phase 1

clinical trial
(China)

2021
(2018–2020)

18 RRMM
(4 EMM, 1

PCL)

Investigational
(CT103A)

Median: 4;
range: 3–6

ORR: 100%;
1-yr PFS: 20%

(EMM) vs. 79.1%
(no EMM);

1-yr OS: 60%
(EMM) vs. 79.1%

(no EMM)

[121]

Single-center
phase 1

clinical trial
(China)

2021
(2019–2021)

23 RRMM
(7 PSD,
1 EMM,

1 unspecified)

Investigational
(bispecific

anti-BCMA
and

anti-CD38
CART)

Median: 4;
range (2–9) ORR: 89% (EMM) [122]

Single-center
phase 1

clinical trial
(USA, UPenn)

2019
(2015–2018)

25 RRMM
(7 EMD; type
of EMD not

reported)

Investigational
(anti-BCMA

CART)

Median: 7;
range: 3–13 ORR: 57% (EMM) [123]

Multi-center
phase 1

clinical trial
(China)

2019
(2017–2018)

17 RRMM
(3 EMM,
2 PSD)

Investigational
(LCAR-B38M)

Median: 4;
range: 3–11

ORR: 100%
(EMM) [124]

Single-center
phase 1

clinical trial
(USA; NIH)

2018
(not reported)

16 RRMM
(1 EMM)

Investigational
(anti-BCMA

CART)
16 (EMM) ORR: 100%

(EMM) [125]

Multi-center
retrospective

analysis
(Germany)

2024
(2022–2024)

123 RRMM
(43 EMM;

type of EMM
not specified)

Teclistamab Median: 6;
range: 3–14

ORR: 37.2%
(EMM) vs. 72.6%

(no EMM);
mPFS: 2.1 months
(EMM) vs. NR (no

EMM)

[126]

Multi-center
retrospective

analysis
(USA)

2024
(2023–2024)

110 RRMM
(48 EMM) Teclistamab Median: 6;

range: 3–13
ORR: 43% (EMM)
vs. 58% (no EMM) [127]
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Table 2. Cont.

Study Type
Year

Published
(Time Period)

Population

Type of
T-Cell-

Redirecting
Therapy

Lines of
Therapy
Prior to

CART/BiTe

Efficacy in EMM Reference

Multi-center
retrospective

analysis
(USA)

2024
(2022–2023)

106 RRMM
(45 EMM) Teclistamab Median: 6;

range: 4–18

ORR: 47% (EMM)
vs. 80.3% (no

EMM);
HR for PFS of

EMM: 2.56

[109]

Single-center
retrospective

study
(USA; Mayo

Clinic)

2023
(2000–2021)

299 RRMM
patients with

EMM;
EMM (1º): 95
EMM (2º): 204

BiTE: 12
(BCMAxCD3: 10,
GPRC5DxCD3: 1,
FCRH5xCD3: 1)

Median: 5;
range: 4–8

ORR: 59%;
mPFS: 3.9 months [47]

Meta-analysis
of BiTE vs.

CARTs

2023
(not reported)

106 RRMM
with EMM

(type of EMM
not specified)

BiTE
(teclistamab,
talquetamab)

Not reported ORR: 48% (EMM) [112]

Single-center
retrospective

study
(USA)

2023
(not reported)

7 RRMM
(2 EMM; type
of EMM not

specified)

Teclistamab Median: 4;
range: 4–7

ORR: 0% (both
patients had PD
prior to second

cycle)

[128]

Multi-center
phase 1/2

clinical trial
(MajesTEC-1;

Cohort A)

2022
(2020–2022)

165 RRMM
(28 EMM) Teclistamab Median: 5;

range: 2–14

ORR: 35.7%
(EMM) vs. 68.6%

(no EMM)
[129]

Multi-center
phase 1/2

clinical trial
(MajesTEC-1;

Cohort C)

2022
(2020–2022)

40 RRMM
previously

treated with
PI, IMiD,

anti-CD38,
and BCMA-

targeted
therapies
(12 EMM)

Teclistamab Median: 6;
range: 3–14

ORR: 58.3%
(EMM) vs. 52.5%

(all patients)
[130]

BiTe: Bispecific T-cell engagers; CAR-T: chimeric antigen receptor T-cell therapy; DOR: duration of response;
EMM: extramedullary multiple myeloma; HR: hazard ratio; mPFS: median progression-free survival; PCL:
plasma cell leukemia, PD: progressive disease; PSD: paraskeletal disease; ORR: overall response rate; RRMM:
relpased/refractory multiple myeloma; 1º: primary EMM, 2º: secondary EMM.

Both trials (KarMMa and CARTITUDE-1) reported that patients with EMD had poorer
outcomes compared to those without EMD, a finding that has been consistently supported
by several subsequent retrospective analyses. A multi-center retrospective study in the US
evaluated 351 RRMM patients treated with ide-cel. Among them, 84 patients had EMM.
The Day 90 ORR for patients with EMM was 52%, compared to 82% in patients without
EMM [16]. The median PFS and OS were 5.3 months and 14.8 months in patients with
EMM versus 11.1 months and 26.9 months in patients without EMM, respectively [16].
Notably, EMM had the worse outcomes, with a median PFS of 5.3 months comapred to
9.2 months for PSD and 11.9 months for patients without EMM or PSD (p < 0.0001) [16].
A multi-center retrospective analysis published in 2024 included 152 RRMM patients, of
whom 47 had EMM. In this study, 29% of patients received cilta-cel, while the remaining
79% patients received ide-cel [109]. The ORR was 58% in patients with EMM versus 96% in
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those without [109]. The median PFS and OS were also lower in EMM patients: 5.1 months
versus 12.4 months for PFS, and 12.2 months versus 27.5 months for OS [109]. A recent
multi-center study of 255 patients treated with cilta-cel, with 26% of patients having EMM,
demonstrated that the presence of EMM was independently associated with an inferior
PFS (HR of 1.96) and OS (HR of 1.88) compared to patients without EMM [131].

6.2. Predictors of Response to CART

Predictors of a poor response to CART include a high burden of extramedullary
disease. One study found that patients with a lower disease burden (product of the two
longest perpendicular diameters [SPD] < 50 cm2) achieved deep responses to CART, with
two-thirds of patients achieving a complete radiographical response. In contrast, patients
with higher tumor burdens (SPD ≥ 50 cm2) showed poor responses [108]. A recent study
proposed a risk stratification model (MyCarE) to identify RRMM patients at a high risk
of early progression. The model includes four risk factors: extramedullary disease with
organ involvement (EMM), plasma cell leukemia (PCL), lenalidomide-refractory disease,
and elevated serum ferritin levels at the time of lymphodepletion [110]. The risk of relapse
or progression at 5 months varied dramatically based on these factors—only 7% of patients
with no risk factors experienced progression, compared to 53% of patients who had all four
risk factors [110]. Another study found that patients with higher proportions of exhausted
CD8+ T cells and M2 macrophages at extramedullary tumor sites had poorer treatment
outcomes [98]. Interestingly, levels of extramedullary tumor-infiltrating CARTs did not
correlate with the durability of the response. In biopsy samples taken both after CAR
T-cell therapy and during EMD progression, levels were low regardless of whether patients
had achieved a durable response (remaining progression-free for at least 6 months) or
experienced early progression (within 6 months) [98].

6.3. Toxicities and Patterns of Relapse After CART

Patients with EMM have comparable to slightly higher rates of cytokine release
syndrome (CRS), immune-effector cell-associated neurotoxicity, and hematological toxic-
ities [109]. The rate of CRS was 81% in EMM versus 78% without EMM (grade 3–5 CRS
rates were 11% versus 3%). The rates of ICANS were 36% versus 25% (grade 3–4 ICANS
rates were 6% versus 7%). Finally, hematologic toxicities were experienced by 74% versus
68% on day 30 (grades 3–5 in 48% versus 36%) and 43% versus 32% on day 90 (grades 3–5
10% versus 15%) [109].

The pattern of relapse after CART in EMM is heterogenous. Some studies show
that patients experience bone marrow and extramedullary relapses at comparable
rates [16,47,98,111]. However, other studies report that most EMM patients primarily
relapse at extramedullary sites, with up to 42.9% maintaining minimal residual disease
(MRD) negativity in their bone marrow assessments [108]. Among patients who experi-
enced extramedullary relapse, most relapses occurred at the original disease sites rather
than at new locations [132].

7. Outcomes of EMM in Patients Treated with Bispecific T-Cell
Engagers (BiTEs)

In subgroup analyses of the MajesTEC-1 registrational trial for teclistamab, two cohorts
were analyzed. Cohort A comprised triple-class-exposed patients with RRMM who had
been previously treated with a PI, IMiD, and anti-CD38 therapy. Among these patients,
28 (17%) had extramedullary multiple myeloma with extraskeletal involvement (EMM).
The ORR was notably lower in patients with EMM at 35.7%, compared to 68.6% in those
without EMM (Table 2) [133]. Cohort C included more heavily pretreated patients who had
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received PI, IMiD, anti-CD38, and BCMA-directed therapy. In this group, 12 (30%) patients
had EMM. Interestingly, these patients showed a higher ORR of 58.3%, exceeding the overall
cohort’s response rate of 52.5% [130]. This finding was unexpected as these patients had
previously relapsed after BCMA-directed therapy, though the small size of these subsets
limits meaningful comparison. Several real-world studies demonstrated a consistently
inferior efficacy of teclistamab in patients with EMM. First, a multi-center study from
Germany including 43 patients with EMD, which reported an ORR of 37.2% versus 72.6%
in patients with and without EMD, respectively [126]. The median PFS was 2.1 months
in the EMD group but was not reached in those without EMD [126]. Next, a multi-center
retrospective study from the US reported an ORR of 43% among 48 patients with EMM
versus 58% in patients without EMM [127]. Finally, another multi-center US study of
45 EMM patients showed an ORR of 47% versus 80.3% in patients without EMM [134].
The PFS was significantly inferior in patients with EMM compared to those without EMM
[HR 2.56 (95% CI: 1.37–4.76)] [134]. A recent encouraging report of the RedirecTT-1 study,
assessing the combination of teclistamab with talquetamab (GRPC5D bispecific antibody)
in RRMM, demonstrated an encouraging ORR of 61% in EMM. Additionally, the duration
of response among responders was encouraging, with an 18-month PFS of 80% in the
EMM cohort [135]. Elranatamab, another BCMA-directed BiTE, was studied in the phase
II MagnetisMM-3, which included 39/123 patients with EMD (PSD or EMM) [106]. The
ORR was 38.5% in the EMD group compared to 71.4% in patients without EMD. Among
responders, the 15-month PFS was 77.9% in patients with EMD compared to 70.6% in
the non-EMD cohort. Notably, very few of these patients were exposed to prior immune
effector therapies, but these exciting results lay down the benchmark for future trials to
improve upon.

8. Conclusions
EMM continues to present a significant therapeutic challenge, even in the context

of novel therapies as well as T-cell-redirecting therapies such as CARTs and bispecific
antibodies. The greater genomic complexity in EMM with enrichment of high-risk features
such as t(4;14), del(17p), and chromosome 1 abnormalities [72,74–87,136] contributes to a
poor prognosis. Additionally, evidence suggests that EMM cells downregulate therapeutic
targets like CD38, SLAMF7, GPRC5D, and FCRH5, and studies into the immune microenvi-
ronment of EMM reveal a paucity of the immune cell fraction and predominantly exhausted
cytotoxic T-cell subset. While these findings indicate that antigen loss and poor T-cell fitness
may contribute to resistance against monoclonal antibodies and T-cell-redirecting therapies,
it is important to recognize that these small studies need to be validated in larger cohorts.
Given the limited efficacy of existing treatment options in EMM, all available therapeutic
options need to be explored, including the use of alkylating agents if not used in the recent
lines of therapy. Clinical trials incorporating novel agents are the need of the hour for EMM.

9. Future Directions
Extramedullary spread represents a watershed moment in the disease trajectory of

patients with MM. The past two decades have witnessed remarkable progress in our
understanding of MM biology, leading to the development and approval of numerous
novel therapeutics including T-cell-redirecting therapies. With the improving overall
survival of patients, we are encountering an increasing proportion of heavily pretreated
patients, who are enriched in the presence of extramedullary disease. Recent clinical
trial enrollment data demonstrate that 20–30% of patients can have EMM at the time of
enrollment. Yet, dedicated clinical trials for EMM are not yet a reality. The recent report of
the EMN012 study, enrolling patients withprimary plasma cell leukemia, should serve as a
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template for future cooperative group studies for this aggressive entity [137]. The sustained
responses with the teclistamab and talquetamab combination for EMM are encouraging
signs. BRAF/MEK inhibition is currently being evaluated in clinical trials for BRAFV600E

mutated MM. A phase 2 trial of encorafenib and binimetinib reported an ORR of 83.3%,
an mPFS of 5.6 months, and a 2y OS of 55% in heavily pretreated RRMM patients, with
a median of five prior lines of therapy [138]. Given the significantly higher prevalence of
activating MAPK pathway mutations in EMM, targeting MEK ± BRAF in combination
with other effective therapies may offers a promisingc strategy. A retrospective review of
51 patients treated with single-agent MEK inhibitor trematinib included 11 patients with
extramedullary disease. Of the 24 patients with at least one FDG-avid focal lesion on PET
imaging before starting trametinib, 15 experienced an >50% reduction in the number of
focal lesions, with 10 achieving a PET complete response, suggesting that MEK inhibition
has activity in MM, although this needs to be studied further in extramedullary sites of
disease [139].

Novel combinations, especially those incorporating newer molecules like the CelMod
mezigdomide in combination with an MEK inhibitor, demonstrated impressive ORRs, but
whether these are sustained remains to be seen [140]. Biology-driven novel combination
therapies tested in a clinical trial setting are key to improving outcomes for patients
with EMM.
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