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Extramedullary disease (EMD) is characterized by plasma cells outside of bone marrow in multiple myeloma
(MM) patients, which results in an adverse prognosis. The cornerstone of treatment consists of combination
therapy including proteasome inhibitors, immunomodulatory agents, steroids, followed by consolidative autol-
ogous hematopoietic stem cell transplantation in eligible patients. This review summarized the recent advances
in the treatment of EMD. Bortezomib based therapy showed efficacy and was recommended to treat EMD.
Marizomib had advantages in the treatment of central nervous system-multiple myeloma (CNS-MM) because of
its good central nervous system penetrability. Inmunomodulatory drugs such as lenalidomide and pomalidomide
have been reported to be effective. Isatuximab and selinexor were also active. Based on the treatment experience
of EMD in our department, we summarized treatment approach for EMD. However, the benefits of patients with
EMD from the new era of novel drugs were limited. Novel drugs combination, monoclonal antibody, molecular
targeted therapy, cellular immunotherapy and autologous stem cell transplantation (ASCT) are under investi-
gation. Therapeutic studies and clinical trials specifically target EMD should be conducted. Hopefully, these

treatment options for EMD will be demonstrated efficacy in the future.

Introduction

Multiple myeloma (MM) is characterized by the proliferation of
malignant clonal plasma cells (PCs) accumulating in the bone marrow
(BM) [1]. Extramedullary disease (EMD) is defined by the presence of
PCs outside the BM, such as soft tissue and organs, especially late in the
disease course [2,3]. Clinically, there is a lack of consensus on the
classification of EMD. Kumar et al. [4] identified six types of EMD: a)
Solitary plasmacytoma: evidence of clonal PCs in bone or soft tissue
lesions confirmed by biopsy with no clonal PCs in BM, no imaging ab-
normality and absence of CRAB criteria; b)Solitary plasmacytoma with
minimal marrow involvement (<10% clonal PCs in BM); c)EM-B
(bone-related): soft tissue masses associated with osteolytic bone le-
sions; d)EM-S(soft tissue-related): soft tissue infiltration of PCs not
contiguous with bone lesions; e)Organ or central nervous system (CNS)
infiltrating EMD; f)Plasma cell leukemia (PCL). EMD can be present
throughout the course of the disease [5]. There are few data focusing on
the incidence of EMD. According to the literature, approximately
7%-17% MM patients found EMD at the time of diagnosis, and 6%-20%
MM patients found EMD during the course of the disease, depending on
the studies [6-8].
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A considerable number of studies have confirmed the presence of
EMD, either at diagnosis of MM or at relapse , was a poor prognostic
factor. In a recent retrospective study, Lee et al. reported 275 newly
diagnosed MM patients, 54 of whom had EMD at diagnosis of MM. After
a median follow-up of 24.6 months, median overall survival (OS) and
median progress-free survival (PFS) in patients with EMD were shorter
than those patients with non-EMD (median OS in EMD patients was 44.3
months, p=0.006; median PFS was 20.3 months and 29.1 months,
p=0.035) [9]. A study on relapsed MM patients showed patients without
EMD had significantly longer OS than patients with EMD (109 vs. 38
months; P<0.001) [5]. Table 1 summarized outcomes of EMD in various
studies. The mechanisms of EMD are only partially known and the best
treatment strategies so far are inconclusive [10]. This review presented a
summary of the current treatment strategies for MM patients with EMD.

Proteasome inhibitors (PIs)
Bortezomib

Bortezomib, with extensive tissue penetration [11], is commonly
used for EMD treatment currently, as recommended by Mayo Clinic in
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Table 1
Outcomes of EMD in various studies
Author Patient group Type of EMD Survival analysis Reference
PFS oS
Lee et al Newly diagnosed MM EM-B(47),EM-S(7) 20.3 months in EMD vs. 29.1 44.3 months in EMD vs. N/A in non-EMD(P = 0.006) [9]
with EMD(54/275) in non-EMD(P = 0.035)
Pour et al EMD at relapse(55/226) EM-B(23),EM-S(32) N/A 45 months in EM-B vs 30 months in EM-S(p=0.022);38 [51
months in EMD vs.109 months in non-EMD(P<0.001)
Mangiacavalli EMD at relapse(93/329) EM-B(34),EM-S(48), N/A 28.8 months in EM-B vs 19.2 months in EM-S [93]
et al both EM-B and EM-S (p=0.006);24 months in EMD vs.132 months in non-
an EMD(P <0.001)

Beksac et al EMD at diagnosis(130) EM-B(38),EM-S(92)

51.7 months in EM-B vs 38.9

46.5 months in EM-B vs not reached in EM-S(p=0.002) [94]

months in EM-S(p=0.034)

EMD at relapse(96) EM-B(12),EM-S(84)

20.9 months in EM-B vs 9.1

11.4 months in EM-B vs 39.8 months in EM-S(p=0.093)

months in EM-S(p=0.249)

Montefusco etal ~ Newly diagnosed MM
with EMD(267/2332)
Newly diagnosed MM

with EMD(44/271)

EM-B(243),EM-S(12)
Kumar et al EM-B(30),EM-S(8),
both EM-B and EM-S
6)

25.3 months in EMD vs. 25.2
in non-EMD

18 months in EMD vs. 44 in
non-EMD(P <0.001)

63.5 months in EMD vs.79.9 in non-EMD(P = 0.01) [95]

32 months in EMD vs.100 in non-EMD(P < 0.001) [65]

2017 [12]. Laura et al. [13] reported EMD disappeared after bortezomib
therapy in three of four relapsed or refractory multiple myeloma
(RRMM) patients. In the study by Landau et al. [14], 14 patients with
EMD received sequential bortezomib, liposomal doxorubicin and dexa-
methasone (BDD) followed by thalidomide and dexamethasone with/-
without bortezomib (BTD or TD), and the overall survival rate was 86%
(12/14). Lakshman et al. [15] studied 141 RRMM patients who had been
treated with VDT-PACE (dexamethasone/thalidomide/cisplatin/doxor-
ubicin/cyclophosphamide/etoposide/bortezomib). The overall
response rate (ORR) did not differ between patients with EMD versus
those without EMD at the initiation of VDT-PACE treatment (57.1% vs.
52.9%; P = 0.631). This suggests that bortezomib-containing regimen
may alleviate the poor outcome of EMD in RRMM.

Ixazomib

The study of ixazomib-based regimens in EMD patients was limited.
Ixazomib in combination with lenalidomide and dexamethasone (IRD)
has been proved to have a significant improvement in PFS for RRMM
patients based on the results of the phase 3 TOURMALINE-MM!1 study
[16]. However, Minarik et al. found patients with EMD did not benefit
from IRD treatment. The PFS of patients in the IRD cohort was similar to
patients in the RD (lenalidomide, dexamethasone) cohort (6.5 vs
10.9 months, HR 1.24 [0.54-2.86]) [17]. The efficacy of ixazomib in the
EMD needs to be confirmed in the future study.

Carfilzomib

In relapsed MM patients, adding carfilzomib to lenalidomide and
dexamethasone significantly improved PFS [18]. In the study of Zhou
et al., 45 RRMM patients with EMD received carfilzomib-based therapy.
Thirty-three of the 45 patients had imaging follow-up data that could be
used to determine the best response of EMD. They observed serological
and extramedullary ORR of 59% and 27% with nine patients partial
response (PR), nine stable disease (SD), nine progressive disease (PD)
and six mixed response of EMD lesions. The median PFS and OS were
five (95% CI, 3.5-6.5) and ten (95% CI, 7.5-12.5) months, respectively
[19]. Muchtar et al. reported EMD patients who received carfilzomib
containing regimens had a shorter duration of response (DOR) compared
with non-EMD patients (3.9 months vs. 9.3 months, p=0.06). The ORR
did not reach a statistical difference between the two entities (40% vs.
49%, p=0.39), however, the clinical benefit response (CBR) rate in pa-
tients with EMD was significantly lower than in those without EMD,
suggesting a higher rate of true non-responders in the presence of EMD
[20]. Therefore, carfilzomib has a limited effect on EMD.

Marizomib

Marizomib is a novel and irreversible PI for the treatment of RRMM
patients and is able to cross the blood-brain barrier [21, 22]. However,
limited clinical studies on marizomib, compared with other PIs, have
been conducted especially for the EMD management. Intriguingly,
marizomib had shown central nervous system-multiple myeloma
(CNS-MM) efficacy in case reports [23].

Immunomodulatory drugs (IMiDs)
Thalidomide

Thalidomide is the first-generation immunomodulatory drug for the
treatment of MM. Laura reported none of 11 patients with EMD
responded to thalidomide treatment as a single agent [24]. Meanwhile,
in the study by Bladé et al. [25], none of five patients with EMD
responded to thalidomide. Avigdor et al. [26] and Anagnostopoulos
et al. [27] reported MM patients treated with thalidomide developed
EMD despite a good response in BM. The lack of efficacy of thalidomide
on EMD has been reported by others [28]. Consequently, thalidomide
has been proved to be ineffective in the treatment of EMD.

Lenalidomide

Lenalidomide was recommended as a first-line treatment for newly
diagnosed MM. Calvo-Villas et al. [29] analyzed 18 EMD patients
treated with lenalidomide in combination with dexamethasone. After a
median treatment period of seven, 61.1% (eleven patients) showed
response in EMD including complete disappearance in 44.4% (eight
patients) and reduction in size in 16.6% (three patients). The response
rate of this study was similar to previously reported with bortezomib
[11,30-32] and lenalidomide [33]. The median OS and PFS were 14.6
and 9.8 months, respectively. They also confirmed response rate of EMD
after lenalidomide treatment was higher than thalidomide in their study
series [24,25].

Pomalidomide

Pomalidomide is approved for the treatment of RRMM, especially for
those who are refractory to lenalidomide [34]. Short et al. [35] reported 13
patients with EMD and all of them had received novel agents with 100%
patients exposed to thalidomide or lenalidomide and 78% exposed to bor-
tezomib. After pomalidomide plus low-dose dexamethasone treatment, two
patients achieved CR (with complete disappearance of EMD), two patients
had PR (> 50% reduction in EMD) and two SD. All of the patients with EMD
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had significantly shorter OS compared with those without EMD. In the study
by Jiménez-Segura et al. [36], only two EM-B patients of 21 had extra-
medullary response to pomalidomide-dexamethasone therapy. The median
PES from the start of treatment with pomalidomide-dexamethasone was
1.7 months and the median OS of 4.5 months. This study showed
pomalidomide-dexamethasone therapy has limited efficacy in patients
with EMD, especially EM-S. In our experience [37], we conducted an
observational study of six patients with EMD whose prior multi-lines of
therapies were four (range 2-5). After extramedullary relapse, they received
pomalidomide-based treatment (bortezomib/dexamethasone/pomalido
mide, pomalidomide/adriamycin/dexamethasone, daratumumab/pomali
domide/dexamethasone,dexamethasone/pomalidomide/cisplatin/adriam
ycin/cyclophosphamide/etoposide, pomalidomide/ixazomib/dexamethas
one), 83% of patients had extramedullary response with 50% CR and 33%
PR, and one patient experienced extramedullary progression. For serological
response, one patient got CR, 4 got PR, and 1 got PD. The median PFS was 5
months and the median OS was 8 months from diagnosis of EMD. Therefore,
the efficacy of pomalidomide on EMD needs further investigation, in com-
bination with other novel agents might be considered.

Monoclonal antibodies targeting CD38
Daratumumab

Daratumumab showed limited efficacy in EMD and this phenomenon
can be explained by decreased CD38 expression on extramedullary PCs
[38]. A real-world retrospective study revealed modest efficacy of
single-agent daratumumab in 41 RRMM patients, including 32% of pa-
tients with EMD. The ORR was 24.4% and CBR was 39%. The median OS
and median PFS were 1.9 months and 6.5 months, respectively [39]. In
the SIRIUS trial, 106 patients received daratumumab 16 mg/kg, 14 of
whom had EMD and only three patients responded [40]. Pick et al. re-
ported only two of nine heavily pretreated patients with EMD who were
given daratumumab achieved PR, but both of them got PD in 50 and 85
days [41].

Isatuximab

Isatuximab is a monoclonal antibody that binds to a specific epitope on
the human cell CD38 receptor [42]. The ICARIA-MM trial has demonstrated
the benefit of combining isatuximab with pomalidomide and dexametha-
sone in RRMM. In this trial, the median PFS was 11.5 months (95% CI,
8.9-13.9) in the isatuximab-pomalidomide-dexamethasone (Isa-Pd) group
versus 6.5 months (95% CI, 4.5-8.3) in the pomalidomide-dexamethasone
(Pd) group [43]. At this trial entry, 24 patients present EMD with 14
patientsin the Isa-Pd group and 10 in the Pd group. The PFS was prolonged in
Isa-Pd group (4.57 months) versus Pd group (1.56 months). The ORR was
also improved: 50% (7/14) and 10% (1/10) in the Isa-Pd and Pd arms,
respectively. The extramedullary lesions of two patients showed CR at Cycle
3 and significant reduction at Cycle 4 [44]. Accordingly, Isa-Pd showed
promising efficacy in RRMM patients with EMD.

Elotuzumab

Elotuzumab, the first-in-class humanized immunoglobulin G1 against
SLAMF7 (also named CS1) monoclonal antibody, exerts a dual effect to kill
MM cells by directly mediating anti-body-dependent cell-mediated cyto-
toxicity (ADCC) through the CD16 pathway and activating NK cells [45,46].
Elotuzumab in combination with lenalidomide or pomalidomide plus
low-dose dexamethasone for RRMM patients reported promising results in
the ELOQUENT-2 trial [47,48]. A case report showed EMD disappeared after
eight cycles of elotuzumab/lenalidomide/dexamethasone treatment in one
RRMM patient [49]. Danhof et al. [50] reported 15 EMD patients (eight had
EM-B, three EM-S, four both EM-B and EM-S) received elotuzumab-based
therapy. The ORR was 40% with one patient VGPR and five PR, which in
comparison was lower than the 79% and 53% in ELOQUENT-2 and
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ELOQUENT-3 clinical trials, respectively. For extramedullary lesions,
regression or SD was noted in four patients, and six patients got PD. They also
reported lower SLAMF7 expression on plasma cells at extramedullary sites
compared with BMPCs in a patient with EMD in the pleural, which may
explain the relatively poor outcomes in EMD patients treated with elotuzu-
mab [51]. Currently, the efficacy of elotuzumab in EMD is under investiga-
tion and SLAMF7-directed immunotherapies such as antibody-drug
conjugates and CAR-T cells are expected further development.

Selinexor

Nuclear export protein XPO1 is overexpressed in MM, allowing
cancer cells to evade apoptotic and antiproliferative signals [52]. Seli-
nexor is an inhibitor of XPO1l-mediated nuclear export and has been
approved in the USA in July 2019 for the treatment of RRMM patients
who have received at least four prior therapies and whose disease are
refractory to at least two PIs/IMiDs, and anti-CD38 monoclonal anti-
body [53]. In the STROM study, Yee et al. analyzed 27 patients with
EMD who were treated with selinexor in combination with low-dose
dexamethasone (Sel-dex) and 16 of them were available to assess
EMD. They found that 5 patients got objective responses, 2 got minimal
response (MR), 4 got SD and 5 got objective PD. These observations
support the finding that Sel-dex is active in patients with EMD [54].

Venetoclax

High expression of anti-apoptotic protein BCL-2 in the BM micro-
environment promotes survival of multiple myeloma cells [55]. Ven-
etoclax is a BCL-2 inhibitor, inducing apoptosis in MM cells [56]. The
survival of MM cells is highly dependent on BCL-2 protein. MM cells
with t(11:14) translocation are particularly sensitive to venetoclax [57].
Venatoclax could be considered for patients with soft-tissue EMD, but
there is still a lack of reports on venetoclax for the treatment of EMD
[58].

Anti-BCMA chimeric antigen receptor (CAR) T cell therapy

Anti-BCMA CAR-T cell therapy has shown efficacy in RRMM [59]. Xu
et al. [60] reported 17 MM patients received anti-BCMA CAR-T cell
therapy and the results showed 88% of patients responded. After a
follow-up of 11 months, 47.1% of patients remained in ongoing response
status, which suggested anti-BCMA CAR-T cell therapy had demon-
strated very good efficacy in the treatment of MM. Notably, four of five
patients with EMD in this study had a poor prognosis, all of whom
relapsed within one year, and all of the relapsed extramedullary lesions
appeared in a new location with medullary progression. In Deng et al’ s
report [61], twenty RRMM patients were enrolled in the study in which
seven patients had EMD. Although the grades of cytokine release syn-
drome (CRS) and immune effector cell-associated neurotoxic syndrome
(ICANS) were much higher in patients with EMD, there was no differ-
ence in the ORR between patients with and without EMD (71.43%
versus 80%, p = 0.876). There was no difference in the PFS rate and OS
rate between the two groups at 180 days (PFS rate: 42.9% versus 84.6%,
p=0.068; OS rate: 71.5% versus 92.3%, p= 0.220). However, both PFS
rate and OS rate were lower in patients with EMD than that of patients
without EMD at 360 days (PFS rate: 28.6% versus 72.5%, p= 0.037; OS
rate: 28.6% versus 81.0%, p= 0.030). The results suggest that
anti-BCMA CAR-T cell therapy can provide a short remission for EMD
patients responded. Whether its efficacy can be strengthened by
bridging hematopoietic stem cell transplantation and radiotherapy
needs to be further explored.

Bispecific T-cell engagers (BiTEs)

Limited data are available on BiTEs for EMD patients. REGN5458 is
an anti-BCMA and anti-CD3 bispecific antibody [62]. In the trial



Y. Li et al.

NCT03761108, an 81-year-old male with EMD was treated at the initial
dose level of 3 mg REGN5458 and after 12 weeks, he had a resolution of
EMD [63].

Autologous stem cell transplantation (ASCT)

There is no unified conclusion on whether ASCT can overcome the
adverse prognosis. ASCT was more effective in the EM-S group than in
the EM-B group [64]. Lee et al. [9] reported 275 MM patients, 54 of
whom had EMD at diagnosis. In 154 transplant-eligible patients, there
was no difference in OS and PFS in 27 patients with EMD and 127 pa-
tients without EMD (two-year OS: 82.9% versus 84.7%, p=0.487;
two-year PFS: 54.2% versus 58.7%, p=0.339). Meanwhile, in 121
transplant-ineligible patients, outcomes were different between 27 pa-
tients presence EMD and 94 patients absence of EMD (two-year OS:
44.2% versus 80.8%, p=0.007; two-year PFS: 39.6% versus 48.2%,
p=0.054). This study demonstrated ASCT can overcome the adverse
prognostic effects caused by EMD and EMD was a poor prognostic factor
for transplant-ineligible patients. However, in Kumar et al’s study, 16 of
44 patients achieved CR after ASCT compared to 142 among those
without EMD (36.4% versus 89.9%, P<0.002). As their statement that
CR rate after ASCT was the most important predictor for OS and PFS,
median OS and median PFS were shorter in patients with EMD than
without EMD (median OS: 32 versus 100 months, P<0.001; median PFS:
18 versus 44 months, P<0.001). The lower response rate to ASCT and
inferior PFS and OS in patients with EMD may be explained by most
patients were ISS stage III and Durie Salmon stage IIIB [65]. The choice
of transplant regimens remains controversial. A retrospective study from
EMBT concluded that tandem ASCT and single ASCT had the same PFS
and OS [66]. Gagelmann et al. showed that tandem autologous trans-
plant could significantly improve survival in EMD with high-risk cyto-
genetics [67].

Treatment of extramedullary lesions at special sites

EM-B has a better prognosis than EM-S [68]. The median OS was 12
months for patients with EM-B and five months for patients with EM-S
[5]. However, most studies of treatment for EMD did not distinguish
between EM-B and EM-S.

Myelomatous pleural effusion (MPE) is caused by direct infiltration
of PCs and has an incidence of 1% [69]. No consensus exists regarding
the standard treatment option of MPE. Literature reported that borte-
zomib plus dexamethasone can lead to pleural effusion absorption or
even CR in some MPE patients [70, 71], but the median OS from diag-
nosis of MPE was only 4 months [72]. Intrapleural administrations of
interferon-alpha [73], doxorubicin [74] and bortezomib have been tried
in isolated cases, and the results from intrapleural bortezomib were
encouraging [75]. Lannitto et al. [75] reported an MPE patient had a
reduction of pleural effusion after four courses of intrapleural bortezo-
mib administration. After a median follow-up of 12 months, his serum
M-component remained no progression without significant side effects.
A 57-yer-old female developed MPE after diagnosis of MM in our
department. After daratumumab combining with intrapleural bortezo-
mib administration, the abnormal PCs in the pleural effusion dis-
appeared, accompanied with serum free light chain decreased
significantly.

Multiple myeloma involving the central nervous system (CNS) is a
rare complication and is associated with poor prognosis. In 4060 MM
patients evaluated at Mayo Clinic from 1998 to 2014, 0.7% had
myelomatous involvement of the CNS. OS was significantly shorter in
the CNS-MM group than in patients without CNS disease (40 months
versus 93 months) [76]. Although survival of CNS-MM patients is still
unsatisfactory compared with general MM patients and optimal therapy
for CNS-MM is unclear, surprising positive results seem to emerge with
the use of novel agents [77]. Craniospinal radiation, triple intrathecal
chemotherapy (glucocorticoids, methotrexate and cytarabine) and
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Table 2

Comparison of CSF/plasma ratio of drugs.
Drug CSF/Plasma Model Reference

ratio %
Thalidomide 30%-60% A 63-year-old female diagnosed [80]
with IgG-xk MM

Thalidomide 42% Rhesus monkeys [82]
Lenalidomide 11%
Lenalidomide 5% Murine CNS lymphoma model [79]
Pomalidomide ~ 39%
Bortezomib 5% Male Sprague-Dawley rats [83]
Marizomib 30% Cynomolgus monkeys and rats [21]
Carfilzomib 0% Male Sprague-Dawley rats and [96]

female BALB/c and BNX mice

systemic IMiD-based therapy were recommended [78]. For patients with
CNS involvement, difficulty in treatment is the poor penetrability of
novel agents across the blood-brain barrier (BBB). Pomalidomide (CSF
concentration 39%) and thalidomide (CSF concentration 30%-60%) are
more permeable to the BBB than lenalidomide (CSF concentration 11%)
[79-82]. Marizomib has a CSF penetration of 30% [21], but other PIs
drugs have a lower penetration (bortezomib, CSF concentration 5%
[83]). The BBB can become more permeable in disease states, raising the
possibility of daratumumab being able to cross the BBB. Elhassadi et al.
presented a case of CNS plasmacytoma achieved a durable CR treated
with radiotherapy, intrathecal chemotherapy and daratumumab [84].
Most current enrollment criteria for CAR-T therapy excluded patients
with central invasion, so the efficacy in the treatment of CNS-MM was
unknown. Comparison of CSF/plasma ratio of drugs were summarized in
Table 2.

Treatment approach

To the best of our knowledge, there are no consensus or guidelines
regarding EMD treatment. In this article, we reviewed published series
and attempted to provide effective treatment for EMD patients by
combining the clinical experience of our department.

In patients with confirmed MM, biopsy of soft-tissue lesion and sensitive
imaging especially positron emission tomography/computed tomography
(PET/CT) and magnetic resonance imaging (MRI) are currently considered
the most accurate technique for detecting and monitoring the extent of
extramedullary sites [85-87]. Treatment regimens for EMD patients are
established on the basis of their age, fitness and condition of the extra-
medullary lesions, with acceptable patients receiving intensive induction
therapy followed by ASCT and then consolidation and maintenance
treatment, while transplant-ineligible patients receiving several cycles of
induction therapy and maintenance. For primary EMD (at the time of MM
diagnosis) patients, triplet regimens such as bortezomib-based therapy
RVD (lenalidomide/bortezomib/dexamethasone), KRD (carfilzomib/
lenalidomide/dexamethasone) and PAD (bortezomib/doxorubicin/dex-
amethasone) constitute the best preparative induction regimens for
transplant-eligible patients. Considering that daratumumab improves the
efficacy of RVD, the addition of daratumumab would be rational in front-line
therapy [86]. In younger and fitness patients with proliferative EMD, more
intensive treatment therapy such as RVD or KRD plus PACE (cispla-
tin/doxorubicin/cyclophosphamide/etoposide) should be considered to
reduce disease burden rapidly [88]. RVD, daratumumab-MPV (melpha-
lan/prednisone/dexamethasone), daratumumab-VCD (bortezomib/cyclo-
phosphamide/dexamethasone) seem to be the choice of induction treatment
therapy for transplant-ineligible patients [86,88]. As for patients who have
extramedullary relapse and are heavily pretreated, lymphoma-like
polychemotherapy regimens such as PACE, DCEP (dexamethas
one/cyclophosphamide/etoposide/cisplatin) and Dexa-BEAM  (dex-
amethasone/carmustine/etoposide/doxorubicin/melphalan) should be
considered. Concerning more novel agents, pomalidomide-dexamethasone
therapy in combination with bortezomib or PACE have been proved
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Fig. 1. Treatment approach for EMD. MM: multiple myeloma; EMD: extramedullary disease; RVD: lenalidomide-bortezomib-dexamethasone; KRD: carfilzomib-
lenalidomide-dexamethasone; PAD: bortezomib-doxorubicin-dexamethasone; V(K)DR: bortezomib(carfilzomib)-dexamethasone-lenalidomide; PACE: cisplatin-
doxorubicin-cyclophosphamide-etoposide; ASCT: autologous stem cell transplantation; PI: proteasome inhibitor; IMiD: immunomodulatory drug; MVP:
melphalan-prednisone-bortezomib; ~ VCD:  cyclophosphamide-bortezomib-dexamethasone; DT:  dexamethasone-thalidomide; DCEP:  dexamethasone-
cyclophosphamide-etoposide-cisplatin; Dexa-BEAM:dexamethasone-carmustine-etoposide-doxorubicin-melphalan; CAR-T: chimeric antigen receptor T cell ther-

apy; pom-VD: pomalidomide-bortezomib-dexamethasone; Isa-Pom-dex:
Bendamustine-pom-dex: bendamustine-pomalidomide-dexamethasone.

efficacy for EMD patients in our department. Bendamustine/pomali
domide/dexamethasone showed promising response rate for RRMM
patients with EMD in a phase II study [89]. Isa-Pd (isatux-
imab/pomalidomide/dexamethasone) was reported to be effective in
ICARIA-MM trial [90]. Selinexor in associated with dexamethasone was
active according to the STROM study [54]. Anti-BCMA CAR-T cell therapy
can provide a rapid and deep remission with disappearance of extensive
extramedullary lesions and whether its efficacy can be strengthened by
bridging ASCT needs further studied [91,92]. Our management approaches
for EMD patients are shown in Fig. 1.

Conclusions

EMD suggests a poor prognosis and should be considered as high-risk
MM. Currently, no specific treatment options have been made for EMD.
In this review, we summarized the previous literature, including re-
searches, clinical trials and case reports, and listed the effects of several
therapeutic strategies for EMD in the era of new drugs. This knowledge
will direct the therapeutic regimens that target EMD. Meanwhile, there
is an urgent demand to identify treatment strategies for patients with
EMD.
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