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ABSTRACT

Despite advances in therapy, extramedullary disease (EMD) remains an aggressive form of multiple myeloma associated with
poor outcomes. Patients with true EMD, in which plasmacytomas have become completely independent of bone, have a par-
ticularly poor prognosis. The pathogenesis of EMD is driven by complex mechanisms involving loss of adhesion molecules,
heterogeneous genetic and epigenetic changes, and a solid tumor-like architecture within the microenvironment. Although the
introduction of advanced imaging techniques and immunotherapy has led to improved detection and more promising outcomes

and regimens, respectively, more prospective studies dedicated to true EMD are needed.

1 | Introduction

Multiple myeloma (MM) is a clonal plasma cell malignancy
that originates in the terminally differentiated plasma cell [1].
It is characterized by plasma cells that accumulate in the bone
marrow (BM), with varying proportions of the tumor cells in
the peripheral blood depending on the stage of the disease.
While BM and blood represent the common locations for my-
eloma cells, they can also expand and survive outside of the
BM, particularly, in soft tissue and visceral organs, leading
to aggregates of malignant plasma cells termed as plasmacy-
toma [2, 3]. Myeloma commonly presents with symptoms and
signs of end-organ damage related to the clonal plasma cell ex-
pansion in the BM (bone destruction leading to lytic lesions/
fractures, hypercalcemia, anemia, and marrow-infiltrating
lesions) or related to the monoclonal protein (renal dysfunc-
tion). During the past two decades, the therapeutic options for
myeloma have expanded significantly with the introduction
of over a dozen new drugs representing different drug classes

with consequent improvement in survival. The median sur-
vival of patients with newly diagnosed myeloma has nearly
tripled over this time period, but with the disease remaining
mostly incurable, most patients go through multiple rounds of
treatment and eventually become refractory to the available
therapeutics [3, 4]. During the disease course, there has been
an increasing incidence of plasma cells expanding outside of
the BM, likely a reflection of increasing independence of the
clonal plasma cells from the BM microenvironment, which
is often termed as extramedullary disease (EMD) [2, 3, 5, 6].
EMD may take the form of solid lesions, or extramedullary
plasmacytomas, in a variety of locations or present as in-
creasing numbers of plasma cells in the peripheral circulation
(plasma cell leukemia [PCL]) [3]. EMD may be present at ini-
tial diagnosis though it is more common when patients have
relapsed or become refractory to treatment [7]. True EMD
that is independent of bone is clinically distinct from MM
in, or adjacent to, BM [3]. It is characterized by high-risk ge-
netic features, resistance to therapy, and poor prognosis, and
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is considered a factor for high risk of progression or relapse
in MM [3, 8-10]. Recent studies have highlighted the poor
prognosis of patients with EMD, particularly, in the context
of relapsed or refractory disease, with even highly effective
treatments in MM associated with limited responses in this
subgroup [11].

2 | Definitions

Broadly, true EMD reflects identification of clonal plasma cell
growth outside of the BM microenvironment, such as soft tis-
sue, visceral organs, central nervous system (CNS), or blood [12].
True EMD should be clearly distinguished from paramedullary
disease (PMD), which refers to the contiguous expansion of mar-
row plasma cells adjacent to the bone through cortical destruc-
tion associated with lytic bone disease (Figure 1). PMD does not
reflect the aggressive biology of true EMD [3, 13]. EMD can be
broadly classified based on disease location as soft tissue plas-
macytoma, including diffuse organ infiltration, CNS myeloma
(CNS-MM), or PCL. EMD can be present either at initial diagno-
sis (primary EMD) or at relapse (secondary EMD) [9, 10].

2.1 | Soft Tissue Plasmacytoma and Visceral Organ
Infiltration/Plasmacytoma

These plasmacytomas can affect virtually any soft tissue, with
muscle, skin, and the respiratory or gastrointestinal tract being
some of the most common locations [2, 14]. Visceral organs such
as the liver and spleen may be diffusely infiltrated by malignant
plasma cells, or may develop solid plasmacytomas that can be
visualized in individual organs. At diagnosis, the head and neck
have been reported as the most common locations, with liver
and pleural fluid the most common locations at relapse [15].

2.2 | CNS-MM

This plasmacytoma is relatively rare and may present with clonal
plasma cells in the cerebral spinal fluid, accompanied by men-
ingeal infiltration and intraparenchymal plasmacytomas [16].
This is often classified as a distinct entity due to its prognostic
significance as well as the unique treatment approaches geared
toward penetrating the blood-brain barrier [17]. Although
CNS-MM is an unmet need due to its rare and aggressive nature
[18], we will not review this form of MM further in this article.

23 | PCL

Historically, this aggressive variant of MM was defined by the
presence of circulating plasma cells (cPCs; >20% and/or abso-
lute count >2x 10%/L) [19, 20]. However, this criterion was re-
cently revised to > 5% cPCs or an absolute count >0.5x 10%/L,
as detected morphologically on a peripheral blood smear,
given similar outcomes among patients with lower counts [20].
The clinical presentation of PCL is more aggressive than that
of MM, including more severe cytopenias, hypercalcemia, and
renal insufficiency, reflecting higher tumor burden and prolif-
eration [19]. Extramedullary involvement (lymph nodes, liver,

spleen, pleura, and CNS) at diagnosis is more common with
PCL than MM [19, 20].

It is also important to distinguish solitary plasmacytoma (SP)
with < 10% plasma cells in the BM or SP without BM involvement
[12]. These conditions do not fulfill the criteria for symptomatic
myeloma and thus are not considered EMD. Only a fraction
will progress to symptomatic myeloma, more commonly when
clonal plasma cells are seen in the marrow [21].

3 | Epidemiology

Some studies include patients with either true EMD or bone-
contiguous PMD, resulting in heterogeneous populations and
outcomes [3]. However, the overall incidence of true EMD is
more rare (0.5%-5.2%) at diagnosis, increasing to approximately
5%-30% among different series in the setting of relapsed disease
[7]. For PMD, the incidence at diagnosis (7%-32%) is similar to
the incidence at relapse (10%-30%). With a higher incidence of
EMD in relapsed disease, studies over the years have also noted
an increasing overall incidence of EMD; in one study, nearly
6.5% in 2005 had EMD compared with 23.7% in 2014 [22]. It
is likely that the increasing frequency of true EMD among pa-
tients with MM reflects the improved survival with the advent
of newer therapies and the tendency for today's patients to have
more advanced disease, along with improvement in imaging
techniques, such as computed tomography (CT), positron emis-
sion tomography (PET)-CT, and magnetic resonance imaging
(MRI) [23]. The timing of emergence also differs between EMD
and PMD. Median time from diagnosis to emergence of second-
ary EMD has been reported to be 19-23 months [24, 25], and the
median age for patients with PMD is nearly 10years higher com-
pared with patients who have true EMD [25].

Like EMD, PCL can be identified at diagnosis (primary PCL,
0.6% of MM cases), or more commonly, at the time of disease
relapse (secondary PCL) with a median time from MM diagnosis
to leukemic progression of ~20-22 months [26, 27].

4 | Risk Factors

Various baseline and treatment-related characteristics have
been associated with increased incidence of EMD. Data from
the total therapy protocol trials reported that extramedullary
involvement at presentation was more common among those
with high-risk translocations #(14;16) and t(14;20) [28]. The
presence of high-risk cytogenetics at baseline, as well as the
development of new high-risk genetic lesions, such as 17p dele-
tion and 1q abnormalities, has been associated with the devel-
opment of secondary EMD [29]. A few studies have reported
the association of high-risk cytogenetics, such as t(4;14),
t(14;16), gain(1q21), and del(17p), in patients with EMD, with
at least one high-risk abnormality present at diagnosis in over
half of patients with EMD [25, 29-33]. Studies have also iden-
tified del(17p13) and del(13q14) as markers for progression to
EMD and del13 as a risk factor for EMD relapse [25, 34]. In
a study of 234 patients with secondary EMD from the Czech
Republic, younger age, high lactate dehydrogenase (LDH)
levels, extensive osteolytic activity, and immunoglobulin A
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FIGURE1 | EMD may erupt from bone marrow (PMD) or spread to organs and/or soft tissues independent of bone. [Color figure can be viewed
at wileyonlinelibrary.com]

or the nonsecretory type of MM at the time of MM diagno- therapeutic history (> 2 lines of treatment + treatment dura-
sis were identified to be the main risk factors for secondary tion > 6 months) and allogeneic stem cell transplant (allo-SCT)
EMD development [35]. Other significant risk factors include [29, 36, 37].
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5 | Pathogenesis

Although the mechanistic drivers of EMD remain incompletely
understood, it is evident that EMD is complex and more hetero-
geneous than MM (7, 38]. Several key mechanisms that have
been implicated in its pathophysiology include alterations in
chemokine receptors and adhesion molecules, genetic and epi-
genetic changes, and substantial heterogeneity both within the
tumors and their microenvironment.

5.1 | Chemotaxis and Adhesion Molecules

Evidence suggests that the development of EMD occurs after
MM cells lose anchorage and adhesion to the BM, allowing
cells to migrate, proliferate, and survive outside the BM [7].
Studies have implicated a loss of adhesion and disruption of
signals regulating migration. Chemotaxis and adhesion of
myeloma cells to the BM are mediated by signaling cascades
between the myeloma cells and the BM microenvironment, in-
cluding the binding of stromal-derived factor 1a to the CXCR4
receptor and adhesion molecules such as VLA-4, P-selectin,
CD56, and CD44 [2, 37, 39]. Tumor dissemination from the
BM may be related to reduced expression of chemokine recep-
tors and adhesion molecules, underexpression of membrane-
embedded CD81/CD82 tetraspanins, and overexpression of
the tumor-promoting heparanase enzyme [12, 40]. Another
proposed mechanism is an upregulation of CXCR4 by various
growth factors and hypoxic conditions in the tumor micro-
environment [41], as well as the acquisition of the EMD phe-
notype regulated by CXCR4 [41-43]. Other pathways, such
as the PCAT-1/Wnt (-catenin signaling axis, have also been
implicated in the growth, survival, and migration of MM cells
outside of the BM [44, 45].

5.2 | Genetic and Epigenetic Changes

In addition to loss of adhesion, aggressive disease features
driven by genetic and epigenetic changes are more prevalent
in patients with EMD. Acquired abnormalities typically seen
in myeloma such as del(17p) and 1q abnormalities are more
prevalent in EMD tumor cells than in MM cells in the BM
[46, 47]. Although no unifying genetic event has been iden-
tified for EMD in whole-genome sequencing, recent studies
have noted an increased prevalence of RAS-RAF mutations
in EMD cells, implicating the MAPK pathway [48]. Frequently
identified oncogenes included BRAF, NRAS, KRAS, and MYC,
as well as loss of tumor suppressor genes SP140 and TENT5C.
Studies also suggest that MAPK-activating mutations may co-
occur with cytogenetic abnormalities. One such study showed
that RAS/BRAF mutations are likely essential for the devel-
opment of EMD and suggested that the underlying reason for
negative outcomes in patients with poor prognostic factors,
such as duplication of 1q and deletion of 17p, is largely due
to EMD development [8]. The study also suggested that the
mutation sites of TP53 were different between EMD versus
non-EMD patients, with gain-of-function mutations enriched
in patients with EMD. In another study involving 14 EMD
samples, the co-occurrence of 1g21 gain/amplification and
MAPK pathway mutations in 79% of samples suggested that

these may be crucial mutational events in EMD development
[49]. It was also observed that patients with mutated KRAS
and 1q21 gain/amplification at the time of diagnosis have a
significantly higher risk of EMD development in an analy-
sis using the CoMMpass dataset [37, 49]. Downregulation of
CXCR4 and enhanced cell proliferation, along with reduced
expression of therapeutic targets (CD38, SLAMF7, GPRC5D,
FCRHS5), were demonstrated in this study [49].

5.3 | EMD and the Tumor Microenvironment

Cytogenetic abnormalities alone may not explain the spread of
EMD [50]. Emerging evidence suggests that EMD may exhibit a
complex, solid tumor-like architecture characterized by spatial
and temporal heterogeneity of the microenvironment [51, 52]. In
one recent study exploring spatial transcriptomics in EMD bi-
opsies, substantial intratumoral and intrapatient heterogeneity
was observed at the copy number level within plasma cells, in-
cluding the emergence of new subclones in circumscribed areas
of the tumor, highlighting the genomic instability present in spa-
tially distinct areas of the tumors [51]. Analysis of EMD sections
revealed intratumoral expression differences in GPRC5D and B-
cell maturation antigen (BCMA; also known as TNFRSF), two
important target antigens for bispecific antibody therapy.

Contrary to previous perceptions, EMD lesions have been found
to be infiltrated by various immune cells, including T cells
[51, 52]. Interestingly, exhausted TIM-3+/PD-1+ T cells were
found to diffusely colocalize with MM cells, whereas functional
and activated CD8+ T cells and M1 macrophages showed a focal
infiltration pattern in tumor-free regions [51, 52]. The observa-
tion that active T cells could be spatially confined to niches seg-
regated from MM cells in EMD lesions suggests that therapies
such as targeted T-cell redirectors may infiltrate the lesions and
eradicate MM cells [51, 52].

5.4 | MicroRNA Analysis

MicroRNAs are increasingly recognized for their role in the
development and progression of MM, including EMD. Some
studies have identified differences in long, noncoding RNA mi-
croRNAs, the proteome of BM mononuclear cells, and the me-
tabolite signature in plasma between patients with EMD and
those without [53-55]. Long, noncoding RNA, such as MALATI,
can regulate gene expression and may play a role in tumor initia-
tion, metastasis, and drug resistance [56]. MALAT1 was shown
to be markedly higher in EMD cells compared with intramedul-
lary MM cells, and patients with a greater reduction in MALAT1
after initial treatment had significantly longer progression-free
survival (PFS) than those with minimal change following treat-
ment [56].

In a microRNA analysis, 42 microRNAs were significantly
dysregulated in the BM of patients with MM, EMD, and PCL;
subsequent validation by RT-qPCR confirmed elevated levels
of miR-140-3p, miR-584-5p, miR-191-5p, and miR-143-3p in pa-
tients with MM compared to patients with EMD and PCL [54].
Another study used label-free mass spectrometry and plasma
proteomics on BM mononuclear cells and plasma from patients
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with and without EMD to identify three proteins that were
promising markers of EMD for potential therapeutic targeting
[55]. These were vascular cell adhesion molecule 1 (VCAM-1),
pigment epithelium-derived factor (PEDF), and hepatocyte
growth factor activator (HGFA). Metabolomic analysis revealed
a distinct metabolite signature in the plasma of EMD patients
compared with the plasma of patients with MM, suggesting met-
abolic rewiring in EMD tissue that could potentially open ave-
nues for therapeutic intervention [55].

While research is improving our understanding of EMD, a com-
mon finding is that EMD is more complex and heterogeneous
than MM, with significant inter- and intrapatient heterogeneity
[7]. While no single biomarker for EMD biology has been identi-
fied, different studies have implicated various mutations in the
MAPK pathway, abnormalities in 1q and loss of TP53, reduced
expression of chemokine receptors, adhesion molecules, and
certain therapeutic targets, and enrichment of exhausted T cells
in the development of disease [7, 8, 12, 33, 48, 51]. Increased het-
erogeneity and complexity are reflected in the poor outcomes of
patients with EMD even as novel, effective MM therapies have
been introduced [2, 3, 7].

6 | Diagnostic Approach

Diagnosis of EMD relies on sensitive and specific imaging mo-
dalities and, at times, proven detection of clonal plasma cells
through directed biopsies. International Myeloma Working
Group (IMWG) criteria have now been updated so that detec-
tion of > 1 lytic lesion assessed by CT, whole-body low-dose CT,
or PET-CT, and >1 focal BM lesion (> 5mm) on MRI, is suffi-
cient to establish bone disease [57, 58]. With the use of sensitive
imaging techniques, including MRI and PET-CT, EMD may be
found in up to 30% of patients with MM across the overall dis-
ease course. PET-CT (typically using '®F-fluorodeoxyglucose
[FDG]) and whole-body MRI with diffusion-weighted imaging
(DWI) are potentially the most effective modalities for identi-
fying extramedullary tumor sites [59-61]. PET-CT combines
the functional assessment of the metabolic activity of nearby
cells with the morphology assessment of PET, allowing it to de-
tect and distinguish between metabolically active and inactive
sites of clonal proliferating plasma cells [60, 62, 63]. It is rec-
ommended for cases of suspected soft tissue involvement [14].
Whole-body MRI with DWI combines data on cellular density
from the microscopic motion of water molecules within tissues
with the morphology assessment of MRI and is the preferred
modality in cases of suspected CNS involvement and focal/dif-
fuse BM lesions [14, 62].

In addition to their role in diagnosis ®F-FDG PET-CT and
DWI are effective modalities for evaluating and monitoring
response to treatment [59, 60, 62]. PET-CT measures FDG
uptake, which allows quantification of changes in disease
burden over time, and DWI assesses the apparent diffusion
coefficient relative to cell density. The same imaging modality
should be used consistently before and after therapy to ensure
accurate evaluation [64, 65]. In cases in which PET-CT shows
no metabolic activity in the PET component but residual dis-
ease is suspected on the CT component, DWI MRI should be
used to evaluate response [57, 62, 66].

Along with the imaging workup, a routine myeloma workup
includes monoclonal protein studies, serum LDH, and a BM
biopsy to evaluate the degree of total plasma cell infiltration
[21, 61]. Elevated levels of LDH are often observed in the con-
text of EMD [24]. A lesion biopsy should be considered when
imaging or diagnosis is unclear, guided by a careful risk-benefit
assessment, factoring in age, performance status, therapeutic
impact, and lesion accessibility [67]. It may be most appropriate
in fit patients, particularly when the biopsy result may influence
clinical decision making [67].

Confirmation of malignant plasma cells by hematopathology,
including immunophenotyping, reveals distinct profiles in
EMD, characterized by lack of CD38 expression compared with
BM lesions, discordant CD44 and CD56 expression, higher pro-
liferative index, lower p27 expression, CCND-1 positivity, strong
BCI-2 and Bcl-xI expression, CD56 downregulation, and CD44
up-regulation [68-70].

Patients who develop EMD during their disease course often
have relatively low levels of serum M protein and/or serum free
light chains, reflecting a shift toward oligosecretory disease,
and are typically excluded from clinical trials [6, 71]. IMWG/
International Myeloma Society (IMS) response criteria are being
refined to diminish the need for urine testing and update the
role of PET-CT, which may allow more patients with EMD to
meet inclusion criteria for clinical trials [72]. The presence of
circulating tumor DNA may offer another avenue for monitor-
ing patients whose disease is nonsecretory [73]. A recent study
explored the use of mass spectrometry on peripheral blood as
a screening tool for the presence of EMD in newly diagnosed
MM [74]. Investigators demonstrated that MALDI-TOF mass
spectrometry fingerprinting of peripheral blood can distinguish
between patients with MM and patients with primary EMD. The
analysis suggested that the method predicts specifically primary
EMD with high sensitivity (86.4%), accuracy (78.4%), and spec-
ificity (72.4%) [74].

7 | Natural History

Presence of EMD is a powerful negative prognostic factor in
MM, with the relatively poor outcomes of such patients well
described in multiple studies [75-81]. Survival is typically
less than 2-3years following the development of EMD during
the disease course, and overall survival (OS) is consequently
significantly shorter in patients with EMD compared to those
without EMD [28, 82]. Factors associated with inferior out-
comes among those with EMD include secondary EMD, mul-
tiple organ involvement, CNS involvement, poor response
to therapy, B,-microglobulin>5mmol/L, and International
Staging System (ISS) Stage III disease [81-85]. In a retrospec-
tive analysis of 120 patients with EMD treated between 2007
and 2022, the partial response or better (>PR) rate to initial
treatment was 67%, and the rate of imaging response was 59%
[86]. With a median follow-up of 84.2 months, the median PFS
and OS were 10.5 and 24.5months, respectively, with longer
survival for those with primary EMD (20.2 and 34.5months,
respectively) than secondary EMD (5.8 and 12.4 months, re-
spectively). Secondary EMD and organ involvement were
found to be negative prognostic factors of both PFS and OS
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[86]. In a study of 371 patients with EMD, comprising 113 pa-
tients with de novo EMD and 258 patients with EMD at re-
lapse, LDH levels>250U/L, creatinine levels>177umol/L,
and >2 high-risk genetic abnormalities were identified as in-
dependent adverse prognostic factors [87].

8 | Treatment Approaches

Given the relatively infrequent occurrence of EMD, especially
in the past, there is limited prospective data to support spe-
cific treatment approaches [67]. Clinical practice has largely
been guided by developments in the treatment of MM and data
from small retrospective EMD cohorts that have been reported
over time. Some of the evidence for standard regimens (includ-
ing conventional chemotherapy, immunomodulatory drugs
[IMiDs], proteasome inhibitors, anti-CD38 monoclonal antibod-
ies [mAbs], and selinexor) used in patients with EMD are shown
in Table 1 [14]; these data highlight the inconsistent definitions
applied, the management of those with EMD as a subgroup re-
ceiving similar treatments to the overall group, and the relatively
few patients with EMD historically enrolled in studies. Despite
these limitations, consistently poor outcomes were observed for
patients with EMD across the studies. In patients with NDMM
and true EMD, most have been shown to progress within
1-3years following treatment with multiple SOC regimens and
transplant therapies. In patients with heavily pretreated RRMM
and EMD, the poor outcomes with standard therapies were
further elucidated in LocoMMotion and MoMMent, the non-
interventional studies of real-world standard regimens. Overall
response rate (ORR) in these studies was lower in patients with
true EMD compared with those without EMD (24.1% vs. 32.5%)
and median PFS and OS were also shorter (2.7 vs. 4.6 and 7.2 vs.
14.7months, respectively) [11]. In a meta-analysis of patients re-
ceiving standard regimens for EMD in clinical trials, including
anti-CD38-based regimens, the pooled ORR for the subgroup
with true EMD was lower compared with those who did not
have EMD (20.7% vs. 66.2%), with shorter PFS and OS (6.3 vs.
12.9 and 21.0 vs. 39.0months, respectively) [102]. The analysis
suggested that patients with EMD had 87% worse chance of re-
sponse (hazard ratio 0.13 [95% CI 0.09-0.20]) than those with-
out [102].

8.1 | Standard Regimens

Although outcomes for patients with EMD are poor compared
with non-EMD MM, newer agents (e.g., lenalidomide and
bortezomib-based regimens) have shown improved response
rates compared with conventional chemotherapy in patients
with de novo EMD [83, 88, 103]. Regimens that combine these
agents with traditional cytotoxic chemotherapy may be effec-
tive in controlling disease [89, 90, 104, 105]. In relapsed patients
with EMD, polychemotherapy regimens such as cisplatin,
doxorubicin, cyclophosphamide, and etoposide (PACE); dexa-
methasone, carmustine, cytarabine, etoposide and melphalan
(Dexa-BEAM); and hyperfractionated cyclophosphamide,
vincristine, doxorubicin, and dexamethasone (HyperCVAD)
followed by autologous stem cell transplant (ASCT) or allo-
SCT have been successful (Table 1) [91, 105]. Other com-
bination regimens (e.g., cyclophosphamide, etoposide, and

dexamethasone) have shown efficacy in the relapsed set-
ting [92]. Although patients may benefit from aggressive
chemotherapy-based approaches, the duration of response
and OS remain poor [2, 91, 92]. As a result, chemotherapy is
commonly used as a cytoreducing bridging therapy before
CAR-T therapy, where it has been shown to improve outcomes
in patients with EMD who receive CAR-T [106, 107]. Newer
generation IMiDs, such as pomalidomide, have been effective
in some patients at relapse, and carfilzomib-based treatment
strategies have shown some efficacy in heavily pretreated pa-
tients with extramedullary RRMM [10, 93, 108].

More recently, several studies have explored the role of daratu-
mumab in the management of EMD, with some reporting lim-
ited efficacy [94]. Analysis of patients with EMD or PMD in the
prospective phase 2 EMN19 study of DVCd showed a median
PFS of 26 months for patients with NDMM and 15months for
patients treated at first relapse. An updated pooled analysis of
studies (GEN501 part 2 and SIRIUS) evaluating the efficacy of
daratumumab in heavily pretreated patients reported an ORR
of 16.7% (95% CI 3.6-41.4) in a subset of patients with EMD,
with improved OS in responders versus those with minimal
response/stable disease [109]. In an Italian multicenter obser-
vational analysis of 102 patients with EMD, treatment with
daratumumab-based regimens was associated with high rates
of biochemical and imaging responses at diagnosis, with lower
rates at relapse [110]. In a Phase 2 trial of 32 patients, daratu-
mumab was combined with dexamethasone, cyclophospha-
mide, etoposide, and cisplatin (Dara-DCEP), and the ORR was
67.7% with best response complete response or better (> CR) in
35.5% [95]. The median PFS was 5months and median OS was
10months. Elotuzumab, a mAb targeting SLAMF?7, has also
been studied in this setting [96, 111].

Studies in small cohorts receiving newer therapies, such as
selinexor, have demonstrated potential efficacy, warranting
further study [112]. Reports have suggested the efficacy of
venetoclax-based regimens in patients with EMD and #(11;14)
[113], and agents targeting specific mutations such as B-Raf
v600E have shown benefit in some reports when tumor cells
carry these lesions [114].

8.2 | Stem Cell Transplant

The benefit of ASCT in patients with EMD has been studied
extensively [22, 83]. The Spanish PETHEMA group observed
a significantly shorter median OS (46.7 months vs. not reached
[NR]) in patients with EMD versus those without EMD, but
no significant difference in 2-year PFS after ASCT with high-
dose melphalan conditioning [2]. Single vs. multiple sites of
EMD as well as organ involvement can also impact progno-
sis after ASCT [2, 22]. Upfront tandem transplant has been
shown to overcome poor outcomes in these patients compared
to single ASCT [2, 33]. Studies evaluating tandem transplan-
tation suggest high-risk subgroups, including patients who
fail to achieve very good partial response (VGPR) after sin-
gle ASCT, those with ISS Stage II/III disease, and patients
with high-risk cytogenetics, may benefit most from tandem
transplantation [2, 115, 116]. However, a European Society
for Blood and Marrow Transplantation (EBMT) registry study

526

American Journal of Hematology, 2026

85U80|7 SUOWIWIOD A0 3|dedl|dde aup Aq peusenob ae ssjolie YO ‘8sn Jo se|nu oy AriqiT8ulUO 8|1 U (SUOTPUOD-pUe-SLLIBYLI0D A8 | 1M ARe1q 1 BU1 |UO//:SANY) SUOTIPUOD pue Swe | 8L 88S *[9202/20/T0] uo Ariqiauliuo A(1Mm ‘00a 3 1edid IWessIS Baly Aq 8ETOL Ye/200T 0T/I0p/W0 A8 1M Ae.q 1 |euljuo//Sdiy Wwoiy papeojumod ‘€ ‘9202 ‘ZS98960T



(senunuo))

SYIUOW G} 1S W

BSE TIO [eLn z aseyd T0d 9
sjuanjed [TV — aAnpoadsold dNF LY TT LT T10d pue WINI Y [00T] xo@exTwog
%8°18 :SO 18aA-T
%€ TL :SAd TeA-T
%tS IO (¢202-6102) anNd 9 (LOT to1xd t uerpaw)
dNd 11V — aAnoadsonoy ANd eoniL s 1T WINYY [68] ad-epuag
mﬂuﬁoa 6'6L -SOQW
SYIUOW Z°ST :SAJUW
dNF-uou [V
sgjuowx ¢'¢o Sou Uoﬁ_mm.ﬂu jourcgt
SYIUOW €67 1S W S[e1n g Jjo ANd £t¢ [86] susurr3ax
(L9z=u) ANH IV — SIsATeue-eIO AN dN1L TT TEET IWINAN paseq-1d 1o/pue QLA
%LLL SO T83h-¢ %0°8S SO 189h-¢
%0°0S :SAd Te9k-¢ %6°6€ :Sdd 1edk-¢ (¥102-5002) ANd £vS elzel
ANd :NF oniy, sisATeue A1sidoy ANE a1, 6€T 789 IINAN juedsue) snoSojoiny
%TL SO Tedh-1 %09 :SO Te94-{ ylog LT
%Y :SAd Te9k-¥ %6¢€ :SAd Teah-1 (ST0Z-£007) AJuo QN ¥LE ele€]
:A1uo qINd :ATuo QN 9N, sisA[eue Ansidoy  AJuo QINH oniL L8 88Y IINAN juedsue) snoSorony
SYIUOW §°'6€ :SOW syuow 1T :SQUW and 1
SYIUOW 6°0Z :SAdW SYIUoOW 9°¢T :SAdW AN N1l ¥8
(esderaa) ainda (asdera1) gINF anaL :asdeppr iy
PaYoRaAI JON :SOUW SYIUOW G 9t :SOUW and 8¢
syjuow /16 :SAduw SYIUOW 6°§€ :SAJW (L10Z-0102) ANF N1l 26 asdefar1e 96
(WINAN) dINd (WINAN) dINF dna], aanoadsorney TNINAN WINAN 0€T asdear e pue WINAN [18] suowrdaa oadnnN
(xap asop
%9°TS ‘SO Iedh-7 %T'SE :SO TBIA-T 431y 10 ‘pLA ‘dINA ‘PA
syjuow 1°91 :SAJw syuow 91 :SAJW (9102-6007) and ¢ ‘PL ‘PY ‘dIN ‘LOSV) [L6]
:dNd ‘@INE dnuiy, aanoadsorney QNF dNn1L, 72 ¥9 WINAN suawidax apdnnN
syjuow ST :(9sdefar) SHJw
sqIuow 9z :(INJNAN) SAdW ylod v
%08 A0 [e11) T aseyq aANd +1
anNd 1v — aAnoadsoid ANE 2L 7z ov asde[a11sT pue WINAN [To1] POA-BIEQ
sdnoa8 19yjo ur sawodINQ  SAW0IIN0 qIANH ANLL ad £y Apmyg dINd Jo ad£y pue  sjuanjed [ejol, Surjas aseasiq uowisay

sjuaned Jo ‘oN

‘[101-88 ‘18 ‘€€ ‘¢t ‘01] serderoy) prepuess yim qINH Y syuened ur sswonQ | THTAVL

10968652, 2026, 3, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/ajh.70138 by Area Sistemi Dipart & Doc, Wiley Online Library on [01/07/2026]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

527

American Journal of Hematology, 2026



(senunuo))
[eL1} Z 9sBYq
%S'8T IO .mwo m_w.\ﬁ.mﬁm dNNd S QA.HOHU.N.GQH mmﬁu-oﬁm_bv
dNd v — dnoigqng ANH onIL 7T 441 WINYY [66] Xxop-10X3UI[AS
S9JIS SNO3SSOBIIXo
woJj sarsdoiq
syqyuowr 6°C 1 Sou o9nss1) ut m:mu
sgjuowx {¢ :SHAJw NEwEQ juelrsqe Gﬂ
%0 IO (0207-9102) U3 UOLIRII[IJUI JO (LO7T totxd 4 uerpaw) Aderoy) uonyeurquiod
aNd v — aAn0adsonoy Q0UAPIAS YIIM GT YL WNINYY paseq-orq
mﬂuﬁoa 60T :SOQW
SYIUOW Z°9 :SJW
%TS IO %1S 4d0 (TT0T-¥1027) paulyepun
sjuanjed [V and aAn0adsoney adAy Qg ‘s¢ 0L (LOT toud ¢ uerpaw) WINY I [c6]l agad
mﬂuﬁoe 01 :SQu
sgyuowr ¢ :SHJuW
%6S “ Y0 (6T0T-£107) dNd 0T (LO7T totid 4 uerpawr) [¢6] susmidoux
anNd v — aAn03dsoney dNd ST St WINYY paseq-qruioz[iyre)
mﬂuﬁoe 06 :SOQUW
mﬂuﬁoao.m SHJW
%8S Y0 (810T-9007) paurepun (LOT to1xd 7 uerpaw)
anNd 1v — aAn0adsonoy adK) QNA ‘sv (54 NINYY [88] DVd-(L)a
mQuEOEOﬂ Sou
mﬂuﬁoam SAdw
%L'LIIIO
and v
%0°ST 9490 %T6€ YO [el) T aseyd aNd 6 (LOT to1xd ¢ uerpawr)
and dINF oniL, aAn0adsord AWH NIl €T 43 WINTT [s6] dapa-ereq
SYIUOW 6°HT :SOUW
SYIUOW G°G :SAJW
%9L IO (0202-2107) BLIILID DM NI +10C (LOT to1xd ¢ uerpawr)
anNd v — aanoadsorney uo paseq QINA 1¢ 4 AR [06] ATINI + HDVA-AA
mﬂuQOEm SAdu sgyuour SAdW
%6'Ch "0 %S'vS 4O (¢102-L007) (107 1o11d € weaw)
AINF-uoN aNd oniL, aAnoadsonoy dNE oniL 11 ST NINYY [16] wreag-exaq
sdnoa8 19yjo ur sawodINQ  SAW0IIN0 qIANH ANLL ad £y Apmyg dINd Jo ad£y pue  sjuanjed [ejol, Surjas aseasiq uowisay
sjuaned Jo ‘oN
(ponunuo)) | THATAVL

10968652, 2026, 3, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/ajh.70138 by Area Sistemi Dipart & Doc, Wiley Online Library on [01/07/2026]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

American Journal of Hematology, 2026

528



10968652, 2026, 3, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/ajh.70138 by Area Sistemi Dipart & Doc, Wiley Online Library on [01/07/2026]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

529

*Knsi8ax ay) woay eyep jusnjed Surdderrano aaey Kew sarpnis juedsuer snogojoine g oy I,

‘QUOSBYISWEXIP PUB ‘DPIWOPI[RY) ‘qIU0Z3}10q ‘PL A ‘duostupaid pue ‘ue[eyd[ow ‘qruiozalioq ‘JIA A SUOSEYIAUEXIP PUE qIUI0ZI}I0] ‘PA ‘DUOSEYIdUIeXp pue ‘Oprureydsoydooko

‘qIUI0Z3}10q ‘PO A ‘SUOSLYIIUIEXIP PUE IPIWOPI[EY) ‘P, ‘ewofoAw s[dn[nur £10)oe1521/pasdelar ‘A Y ‘QUOSBYIAWEXIP puk Sprwoplfeus] ‘py ‘oprwoprjewod ‘wiod aseasip Are[npawered ‘qAd eAIAINS d213-uoissarfoid ‘SAd
‘auoseylawexap pue sprwopriewod ‘(4 ‘erwasna| (199 ewsed ‘104 opisodoje pue ‘@prureydsoydo[oLd ‘urorqnioxop ‘unedsio ‘gOVvd OUOSEYIIWEXIP PUE ‘qIUIOZEX] ‘dPIWIOpI[ewod XI(BX[WOJ {[BAIAINS [[BISA0 ‘SO o)kl asuodsax
1181940 YO ‘ewopakuwr apdnnw pasouserp Aimau ‘WIAAN ‘duostupaid pue uejeydpw ‘g ‘Adersy) Jo aurf ‘10T ‘dnoin Suryiop ewWORAN [BUOHBUIAIUT ‘DM AT SNIp A10)e[NPOWOUNUIWI ‘(TIIA] $9SBISIP ATR[[NPIWLIIXd ‘QINH
{qQEWINZNJO[d ‘O] ‘QUOSBYISWEXIP PUE ‘OPIWOPI[BUI[ ‘qelinuInieIep ‘py( ‘uereyd[ow pue ‘9pisodol? ‘duIqeIe}£d ‘QUIISNULILD ‘QUOSBYISWEXIP ‘WL -LXI(] ‘QUOSBYIdWEXP X ‘une[dsmo pue ‘opisodojs ‘oprureydsoydofofd
QUOSEYIAWEXIP ‘JHD( ‘QeWINUINILIED ‘BIR( SPIWOPI[RY] F SUOSBYIdWEXP (L) ‘duoseylawexap pue ‘@prsodols ‘@prureydsoydofoks ‘qaD ounsnuepuaq ‘epuag Juerdsuer) [[20 wdls snoSo[oIne ‘[ ISV SUOIRIAIqQY

'sdnoig ay) areredss 03 pasn st Surpjog 210N

SYIUOW '8 :SAJ W
(raa) and
SYIUOW €°LT :SAJW
%Y'S8 IO
(PYA) AWHF-UON
sypuow §°/ :SAd W
%L'LS IO
(Pua) and v
mﬂucoa ST :SQu
SYIUOW 7°9 :SAJW
%0°0S *4YO0
(exeq) INF-UON

SYIUOW 9*f :SOU (PYQ) ANd 1€

O

syuow 1 :Sdw (P¥@) WA 2111 0T (LO710ud T uEIPOW :PYQA g
%t 1T 40 SYIUOW §'f (AW (6102-9102) (ereq) AN P 981 “LOT Jold ¢ uerpaw :e1e() [v6] p¥a pue )
(exeq) ANA IV (PYA) ANF dna], aAnoadsonay pue QINH aniL, +1 vleq Iy WINSY Adeiayjououwr ereq m
=3

SYIUOW 9T :SOW M

PaYoLaI JON :SOW %TE MIO (0T0Z-L002) (10T 011d 9 UBTPOUL) s
[[e19A0 [(NCELERS 2An0adsonay QNE oniL €1 YL ININIY [oT] xo@ + wog g

=

sdnoa8 19yjo ur sawodINQ  SAW0IIN0 qIANH AMNLL ad £y Apmyg dINd Jo ad£y pue  sjuanjed [ejo], Sur)jas aseasiq uowisay m
sjuaned Jo ‘oN 38

2

(ponunuo)) | THTAVL <




reported similar 3-year PFS and OS with both first-line tan-
dem and single ASCT in patients with EMD [117]. Presence of
EMD has been associated with inferior PFS after ASCT with
a significant increase in early progression even in patients on
maintenance therapy [85].

The role of allo-SCT remains unclear due to its association with
high transplant-related mortality and graft-versus-host disease.
Additionally, many patients undergoing allo-SCT, particularly
with reduced-intensity conditioning aimed at reducing nonre-
lapse mortality, may still relapse with EMD [84].

8.3 | Novel Immunotherapy Agents

Data from observational studies suggest that response rates
to standard therapies are typically below 25% in patients with
RRMM and EMD, with median PFS and OS of just 2.7 and
7.2months, respectively [11]. Innovative approaches using im-
munotherapies including ADCs, adoptive cell therapy (chimeric
antigen receptor [CAR] T cells), and, bispecific antibodies have
shown promising results in a limited number of relapsed pa-
tients with EMD (Table 2) [29, 118, 124-130].

BCMA-targeting ADCs have demonstrated encouraging ac-
tivity in a limited number of cases of relapsed EMD [129].
Outcomes with BCMA-targeted CAR-T therapy have more-
over shown an improvement over standard, non-T-cell redi-
recting approaches for patients with EMD; however, outcomes
are inferior compared with those of patients with no EMD.
In a retrospective study of 152 patients receiving standard-of-
care CAR-T therapy, only 47 (31%) had true EMD [107]. The
true EMD group had a higher incidence of high-grade cyto-
kine release syndrome (CRS), steroid and anakinra use, and
thrombocytopenia 30 days after infusion compared with those
without EMD. In addition, patients with EMD had an infe-
rior ORR (58% vs. 96%), median PFS (5.1 vs. 12.4 months), and
OS (12.2 vs. 27.5 months). In contrast, patients with PMD had
similar median PFS and OS compared with those with MM re-
stricted to the BM. Notably, among the 189 patients identified
in this study, 14 did not receive CAR-T therapy due to disease
progression or death and 23 were pending infusion at data cut-
off, highlighting that off-the-shelf options will be needed for
some patients [107].

Another recent study examined the outcome of patients with
true EMD in RRMM treated with idecabtagene vicleucel (ide-
cel). Among 351 patients, 84 (24%) had EMD before infusion
[118]. ORR at Day 90 was 52% versus 82% for the EMD and
non-EMD cohorts, and the median PFS was 5.3 months for
the EMD cohort versus 11.1 months for the non-EMD cohort.
The median OS was 14.8 versus 26.9 months for the EMD and
non-EMD cohorts, respectively. EMD was an independent
predictor of inferior responses and survival in this study.
In a retrospective study of 134 patients treated with CAR-T
cell therapy, those with true EMD had shorter PFS (9.0 vs.
24.2months) and OS (24.0months vs. NR) compared with
those with no EMD or PMD [13]. Half of the patients who re-
lapsed in this study had EMD at relapse [13]. An exhausted
T-cell profile prior to CAR-T therapy has been associated with
poor outcomes in this setting [125]. Based on small studies, it

Response rates with novel immunotherapies in patients with RRMM [107, 118-123].

TABLE 2

EMD in clinical trials of ADCs and bispecific antibodies

EMD in real-world studies of CAR-T
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has been suggested that combination approaches, such as co-
administration of pomalidomide with CAR-T therapy may be
associated with increased responses in EMD [131]. However,
a significant unmet need remains, as CAR-T therapy often
requires weeks for cell manufacturing, a delay that many
patients with aggressive EMD cannot tolerate. Furthermore,
CAR-T therapy remains inaccessible in many regions [132].

A similar pattern of worse outcomes with EMD was observed in
clinical studies of bispecific antibodies in patients with RRMM.
In a clinical study of teclistamab, a BCMAxCD3 bispecific anti-
body, patients with true EMD had a lower ORR (35.7% vs. 68.6%)
than those without [119]. Similarly, a clinical study of elrana-
tamab showed a lower response rate (38.5% vs. 71.4%) and a
lower probability of maintaining response at 15months (70.6%
vs. 77.9%) in patients with EMD (true EMD and/or PMD) com-
pared with those without [120]. Finally, patients with true EMD
also had lower response rates across two dosing cohorts with
the GPRC5DxCD3 bispecific antibody talquetamab (41.4%-
48.5% vs. 79.6%-81.2%) compared with those who did not have
EMD [133].

Targeting both BCMA and GPRC5D antigens could hypotheti-
cally increase the number of bound antibodies per tumor cell,
due to the heterogeneous epitope expression observed in EMD
samples [134]. A recent Phase 1 trial (RedirecTT-1) evaluating
the BCMA-targeted bispecific antibody teclistamab and the
GPRC5D-targeted bispecific antibody talquetamab reported
promising outcomes in the subgroup of patients with true EMD
[134]. This led to a large dedicated Phase 2 study in 90 patients
with true EMD that demonstrated an ORR of 79%, nearly double
the ORR of the respective monotherapies [119, 121, 122]. It is one
of the first studies to have prospectively assessed EMD response
using central radiology review of whole-body PET-CT [121]. The
responses in RedirecTT-1 were also durable over 1year in most
patients, with 12-month duration of response, PFS, and OS rates
of 64% and 61%, and 74%, respectively [121]. These efficacy re-
sults surpass any other therapy for patients with EMD [10, 88-
93,95, 96, 121].

8.4 | Radiation Therapy (RT)

There is no consensus on the use and impact of RT in EMD.
RT targets tumors in MM by inducing apoptosis, decompress-
ing nervous structures, reducing inflammation, inhibiting os-
teoclasts, and promoting bone healing; however, the potential
sensitization of normal tissues remains a concern [135]. RT is
most often employed to control symptomatic lesions in the con-
text of systemic therapy [135]. However, there is some evidence
of synergy of RT with CAR-T therapy or checkpoint inhibitors
via the abscopal effect, which is an immune-mediated regres-
sion of nonirradiated lesions following local RT [136-138]. A
similar effect, in which RT would induce tumor cell death and
expose tumor antigens, thereby priming the immune system
for a broader response, has been proposed for RT in combina-
tion with immunotherapy, based on animal models and limited
clinical data in solid tumors [139]. Whether bispecific antibod-
ies could potentially boost the abscopal response by directing T
cells to these exposed antigens throughout the body following
local RT needs further study [140].

9 | Conclusions

EMD is an aggressive form of MM, characterized by increasing
independence of the tumor from the marrow microenviron-
ment, resulting in the expansion of plasma cells outside the BM
[3]. The mechanisms of EMD are complex, involving alterations
in chemokine receptors and adhesion molecules, as well as ge-
netic and epigenetic changes, such as mutations in the MAPK
pathway, abnormalities in 1q, loss of TP53, and heterogeneous
expression of the therapeutic targets BCMA and GPRCS5D
[7, 8,12, 48, 51]. Increased heterogeneity of tumors and the mi-
croenvironment compared with MM in the BM has also been
implicated in EMD [7, 38].

How EMD is defined has implications for the patient popula-
tion included in studies and the prognosis associated with vari-
ous therapies. Patients with bone-associated PMD are generally
older than those with bone-independent, true EMD, and their
outcomes with therapy are typically similar to those of the gen-
eral MM population [13, 25, 107]. Patients with true EMD tend
to be younger and have much poorer outcomes than those with
PMD or no EMD [13, 25, 107]. Studies have not always analyzed
these groups separately, which can be a challenge for interpret-
ing data on epidemiology and treatment effects. Although PMD
has historically been considered a form of EMD, there is grow-
ing consensus to distinguish patients with true EMD, as a dis-
tinct, particularly difficult-to-treat population [3, 14].

Imaging studies play an important role in the diagnosis and
management of MM, and as modalities have evolved *F-FDG
PET-CT and whole-body MRI with DWI have emerged as pre-
ferred methods of detecting and evaluating response in patients
with EMD [14, 59, 62]. The combination of metabolic and mor-
phologic assessment with PET-CT, along with functional and
morphologic assessment with MRI, allows for the identifica-
tion of bone destruction with tumor burden and disease activ-
ity [60]. With its ability to quantitatively measure disease and
to distinguish active and inactive tumor sites, PET-CT has been
used to identify predictors of outcomes based on the number of
lesions and quantified FDG uptake [59, 60]. For patients with
EMD, response assessment should always combine both labo-
ratory and imaging evaluations to accurately monitor disease.
Response criteria for soft tissue masses are only partially de-
fined in the current IMWG guidelines; however, standardiza-
tion is needed for images and results to be consistent across
institutions [14, 141]. Emerging response criteria are shifting
focus away from urine and serum markers and lesion diameter
measurements and placing greater emphasis on functional im-
aging, particularly metabolic activity and MRI findings [141].
This reflects a more accurate assessment of disease activity,
especially in EMD, and may allow more patients with EMD
to meet inclusion criteria for clinical trials. Additionally, new
tracers are being developed to increase sensitivity for diffuse
BM plasma cell infiltration as well as the specificity for MM-
associated lesions [60].

Thus far, much of the data on outcomes of novel therapies in pa-
tients with EMD comes from retrospective studies or analysis of
predefined subpopulations in broader clinical studies. Response
rates in patients with EMD in the RRMM setting have typically
been below 25% before the approval of immunotherapies, with
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short median survival compared to the RRMM population [11].
Novel immunotherapies (CAR-T, bispecific antibodies, and
ADCs) are associated with improved response rates in patients
with RRMM who have EMD compared with those of patients
in observational studies treated with other available standard
therapies (e.g., chemotherapy-based regimens) [80, 88, 107].
However, responses and duration of response tend to be lower
in patients with true EMD compared with PMD or no EMD
[107]. More promising outcomes have been reported from the
RedirecTT-1 Phase 2 study in patients with true EMD, employing
a dual BCMA- and GPRC5D-targeting approach with the bispe-
cific antibodies teclistamab and talquetamab [121]. ORR was
nearly 80% with durable responses over 1year in most patients
with EMD in this study, far exceeding the typical outcomes with
standard therapies [121]. Due to the aggressive nature of this
disease, off-the-shelf treatment options are critical for patients
with RRMM who have EMD, to induce an immediate response
and minimize the morbidity and mortality [107]. As therapies
improve, more prospective and dedicated clinical studies will be
needed specifically in the population with true EMD.
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