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Extramedullary involvement (or extramedullary disease, EMD) represents an aggressive form of multiple myeloma (MM),
characterized by the ability of a clone and/or subclone to thrive and grow independent of the bone marrow microenvironment.
Several different definitions of EMD have been used in the published literature. We advocate that true EMD is restricted to soft-
tissue plasmacytomas that arise due to hematogenous spread and have no contact with bony structures. Typical sites of EMD vary
according to the phase of MM. At diagnosis, EMD is typically found in skin and soft tissues; at relapse, typical sites involved include
liver, kidneys, lymph nodes, central nervous system (CNS), breast, pleura, and pericardium. The reported incidence of EMD varies
considerably, and differences in diagnostic approach between studies are likely to contribute to this variability. In patients with
newly diagnosed MM, the reported incidence ranges from 0.5% to 4.8%, while in relapsed/refractory MM the reported incidence is
3.4 to 14%. Available data demonstrate that the prognosis is poor, and considerably worse than for MM without soft-tissue
plasmacytomas. Among patients with plasmacytomas, those with EMD have poorer outcomes than those with paraskeletal
involvement. CNS involvement is rare, but prognosis is even more dismal than for EMD in other locations, particularly if there is
leptomeningeal involvement. Available data on treatment outcomes for EMD are derived almost entirely from retrospective
studies. Some agents and combinations have shown a degree of efficacy but, as would be expected, this is less than in MM
patients with no extramedullary involvement. The paucity of prospective studies makes it difficult to justify strong
recommendations for any treatment approach. Prospective data from patients with clearly defined EMD are important for the
optimal evaluation of treatment outcomes.
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INTRODUCTION
Multiple myeloma (MM) is a mature B-cell neoplasm defined by
the presence of ≥10% of clonal plasma cells (PCs) in the bone
marrow (or plasmacytoma confirmed by biopsy) and by evidence
of end-organ damage (hypercalcemia, renal insufficiency, anemia,
bone lesions) caused by the PC disorder [1]. While the PC
proliferation is restricted to bone marrow in most patients with
MM, a subset develops soft-tissue plasmacytomas, whereby clonal
PCs escape and are found outside the bone marrow.
The presence of soft-tissue plasmacytomas represents an

aggressive form of MM, characterized by the ability of a clone
and/or subclone to thrive and grow independent of the bone
marrow microenvironment. This is linked to high-risk genetic
features, increased proliferation, evasion of apoptosis, and
resistance to therapies [2, 3]. There are three principal ways that
soft-tissue plasmacytomas can develop in patients with MM: (a)
direct growth from skeletal tumors following cortical bone

disruption; (b) growth in organs or soft tissue following
hematogenous spread without contact with bony structures;
and (c) rarely, growth triggered by invasive procedures [4–6].
It is important to better understand soft-tissue plasmacytomas

in order to successfully direct research that will improve outcomes
for affected patients. This task is complicated by the fact that
several different definitions of extramedullary involvement in MM,
or extramedullary disease (EMD), have been used in the published
literature. A 2013 study proposed that it should comprise only of
purely extramedullary plasmacytomas, and exclude bone-related
plasmacytomas arising from adjacent bone marrow [7]. Other
authors have contended that bone-related (or paraskeletal)
plasmacytomas should be included under the definition of EMD,
albeit as a distinct sub-type from extramedullary plasmacytomas
[8, 9]. The former definition and distinction has been endorsed by
a recent expert consensus review [4]. Solitary plasmacytomas (SP)
should not be considered as EMD, since they occur in the absence
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of an MM diagnosis [9, 10]. Plasma cell leukemia (PCL) is also
typically excluded from the definition of EMD, on the basis that it
is a well-characterized pathologic entity with distinct prognostic
implications and treatment recommendations [9, 11–13]. Defini-
tions of these different clinical entities are shown in Table 1.
Several genetic features have been linked to extramedullary

involvement in MM. These include 17p deletion [14, 15], nuclear
expression of p53 [16], a higher incidence of t(4;14) [17], and p53
deletion [18]. Other possible risk factors include loss of CD56
expression [19], MAFB overexpression [20], and MYC overexpres-
sion [21]. Treatment with novel agents has also been suggested as
a risk factor for the emergence of EMD, although the data to
support this are equivocal [4].
This review is based on a systematic literature search, and will

focus on hematogenous EMD, including that with central nervous
system (CNS) involvement. Areas covered are incidence, sites of
occurrence, prognosis, and treatment outcomes.

METHODS
The PubMed database was searched for publications of interest
from January 1, 2010 to 31 December, 2020, using the following
search terms: [Extramedullary AND (myeloma OR plasmacytoma)]
OR [myeloma AND (bone-related OR soft tissue OR extraosseous)]
OR [central nervous system AND (myeloma OR plasmacytoma OR
extramedullary)]. Supplemental literature searches (for treatment
outcomes) of proceedings from the following relevant confer-
ences that took place in 2019 and 2020 were also conducted:
European Haematology Association 2019 and 2020; American
Society of Clinical Oncology 2019 and 2020; American Society of
Hematology 2019 and 2020; International Myeloma Working
Group 2019.
Following a check for duplicates, retrieved records (titles and

abstracts) were screened to exclude those clearly not relevant for
inclusion. At this stage, records were excluded on the basis of the
following criteria: non-English language, review articles, preclinical
studies, or individual case studies/case series involving fewer than
10 patients. Full-text articles for records deemed to be possibly
relevant were then obtained and reviewed for inclusion in the
qualitative synthesis (given the nature of the data it was not
possible or appropriate to conduct a quantitative analysis). To be
included, an article needed to clearly report data for hematogen-
ous EMD and to clearly define the phase of MM (NDMM or RRMM);
it also needed to include data for one or more of the areas of
interest (sites of occurrence, incidence, prognosis, treatment
outcomes, CNS EMD).

RESULTS
A total of 29 articles were included in the qualitative synthesis. The
PRISMA flow diagram is shown in Fig. 1.

Incidence
In some patients, EMD can be identified as visible or palpable
masses; however, imaging techniques are usually needed. Both

paraskeletal plasmacytomas and EMD can be found at diagnosis
of MM (sometimes referred to as primary), or at relapse
(secondary) [20, 22, 23]. The reported incidence varies consider-
ably across studies, most likely due to differences in the definitions
applied and the methods of evaluation. Magnetic resonance (MRI)
is the best imaging approach for spinal and central nervous
system (CNS) involvement. However, functional whole-body
techniques should ideally be used to detect EMD. A consensus
statement by the International Myeloma Working Group (IMWG)
specifically recommends 18F-FDG PET/CT for this purpose [24].
Hopefully, the previous lack of standardization is solved with the
recent proposal of PET/CT standardization score according to the
Deauville criteria based on the analysis of two prospective studies
[25]. The reported incidence of EMD at diagnosis before the PET/
CT era was low, ranging from 1.7 to 4.5% [4]. With the use of PET/
CT, the incidence of EMD at diagnosis is between 6 and 10%
[23, 24, 26, 27], which should help to stimulate sub-studies for
EMD in prospective clinical trials (such as the CASSIOPET study of
the CASSIOPEIA trial). Finally, PET/CT should be performed in
clinical practice for all patients with a suspicion of EMD, such as
those with high LDH serum levels or revised stage III [4].
A number of studies have reported incidence data specifically

for EMD (Table 2). A meta-analysis of eight clinical trials in patients
with NDMM, involving 2332 patients, found an overall incidence of
soft-tissue plasmacytomas of 11.4%, and an incidence of EMD of
0.5% [26]. The authors acknowledge that their reported incidence
of EMD is likely to be an underestimation due to the imaging
techniques used in the study. A study of 3744 patients with
NDMM reported an overall incidence of soft-tissue plasmacytomas
of 18.2%, with paraskeletal involvement in 14.5% and extrame-
dullary involvement in 3.7% [28]. Deng et al. [18] assessed EMD in
834 consecutive MM patients from a single center in China and
found incidence rates of 4.8% and 3.4% in patients with NDMM
and RRMM, respectively. Another single-center study in Boston,
USA, found EMP in 55/663 consecutive patients (8.3%) undergoing
stem-cell transplantation [29]. Among these 55 patients, EMD was
present at diagnosis in eight, at relapse in 42, and at both
diagnosis and relapse in five. An analysis of 226 patients with
RRMM found soft-tissue plasmacytomas in 24% of patients; this
was adjacent to bone (paraskeletal) in 10% and not adjacent in
14% [23]. Rasche et al. [21] screened their myeloma registry for
patients who developed EMD relapse, and reported an incidence
rate of 6.7% (24/357 patients). In a Mayo Clinic including 174
patients with RRMM enrolled in a phase 2 clinical trial [30], 16
patients (9.2%) were found to have EMD (3 patients [1.7%] at the
time of diagnosis, 13 [7.5%] during the course of treatment).

Typical sites of occurrence
Plasmacytomas can be found in virtually any area of any tissue in
the body. A recent real-world retrospective study of 226 MM
patients presenting with plasmacytomas included 176 patients
with EMD [31]. The most common sites of EMD occurrence were
skin/muscle (24%), pleura (12%), lymph nodes (10%), liver (9%),
and CNS (6%). Different sites appear to be involved in EMD
identified at MM diagnosis and at relapse, with skin the most

Table 1. Definitions of plasma cell neoplasms.

Plasma cell neoplasm Definition

Extramedullary disease An aggressive form of multiple myeloma characterized by the presence of soft-tissue plasmacytomas that result from
hematogenous spread

Paraskeletal plasmacytoma A form of multiple myeloma characterized by the presence of soft-tissue plasmacytomas that occur due to direct
growth from skeletal tumors following cortical bone disruption

Solitary plasmacytoma A single mass of clonal plasma cells (bone or extramedullary) with no or minimal BM plasmacytosis and with no other
symptoms than those derived from the primary lesion

Plasma cell leukemia A rare and aggressive variant of myeloma characterized by the presence of circulating plasma cells; diagnosis is based
upon the percentage (≥20%) and absolute number (≥2 × 109/L) of plasma cells in peripheral blood
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commonly involved tissue in NDMM [2, 20, 28, 29]. In RRMM, sites
involved include liver, kidneys, lymph nodes, CNS, breast, pleura,
and pericardium [2, 28, 29].

Prognosis
A retrospective study of transplant-eligible patients with MM
compared survival outcomes in patients who had EMD (n= 17),
bone-related plasmacytomas (n= 22), and no plasmacytoma
involvement (n= 141) at diagnosis [32]. Five-year overall
survival (OS) was 63% in patients who had bone-related
plasmacytomas, 63% in patients who had EMD, and 80% in
patients without plasmacytomas at diagnosis (p= 0.02). Five-
year disease-free survival was 47% in patients who had bone-
related plasmacytomas, 35% in patients with EMD, and 54% in
MM patients who did not have plasmacytomas (p= 0.15).
Moreau et al. [33] found that absence of EMD at diagnosis was
an independent prognostic factor for longer progression-free
survival (PFS; p < 0.001) and OS (p= 0.004). By multivariate
analysis, the hazard ratios (HRs) for PFS and OS were 3.394 (95%
CI 2.055–5.606) and 3.894 (95% CI 1.540–9.851), respectively.
Another study assessed predictors of inferior clinical outcome in
patients (n= 51) with standard-risk MM [34]; on univariate
analysis, EMD was associated with significantly shorter OS (HR
3.05; 95% CI 0.57–16.29; p= 0.02).

Treatment outcomes
EMD in patients with NDMM. Currently available data for
treatment outcomes in patients with NDMM and EMD are
summarized in Table 3.
The recent meta-analysis of eight trials of IMiD- or PI-based

therapy in patients (n= 2332) with NDMM [26] included 267
patients with soft-tissue plasmacytomas (paraskeletal, n= 243;
EMD, n= 12; not classified, n= 12). Median PFS was 26.1 months
and 25.2 months in patients with EMD and patients without
plasmacytomas, respectively; median OS was 70.1 months (EMD)
and 79.9 months (no plasmacytomas). Batsukh et al. [35]
retrospectively assessed outcomes in 64 NDMM patients with
soft-tissue plasmacytomas who were treated with various regi-
mens containing novel agents. Median PFS was similar (approxi-
mately 16 months) for patients with bone-related plasmacytomas
and EMD, while median OS was significantly shorter (27.8 vs
54.2 months, p= 0.033) in the EMD group (mainly due to shorter
PFS after first relapse).
Beksac et al. [31] conducted a multicenter, multinational

retrospective study of 226 MM patients with plasmacytoma
involvement; 176 had EMD (n= 92 at MM diagnosis, n= 84 at
relapse) and 50 had paraskeletal plasmacytomas (n= 38 at MM
diagnosis, n= 12 at relapse). The entire group received a median
two lines of treatment and autologous SCT (44%) following their
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Addi�onal records iden�fied 
through other sources

(n = 11)
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(n = 745)
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Fig. 1 PRISMA flow diagram for qualitative synthesis.

J. Bladé et al.

3

Blood Cancer Journal           (2022) 12:45 



Ta
bl
e
2.

In
ci
d
en

ce
ra
te
s
o
f
EM

D
in

st
u
d
ie
s
o
f
p
at
ie
n
ts

w
it
h
M
M
.

R
ef
er
en

ce
N
o.

of
p
at
ie
n
ts

Ti
m
e
p
er
io
d
co

ve
re
d

D
ia
g
n
os
ti
c
ap

p
ro
ac
h

In
ci
d
en

ce

M
o
n
te
fu
sc
o
et

al
.[
26

]
23

22
20

10
–
20

18
(a
cr
o
ss

al
l
st
u
d
ie
s)

Sk
el
et
al

su
rv
ey
,M

R
I,
o
r
C
T;

an
d
/o
r
p
h
ys
ic
al

ex
am

in
at
io
n

N
D
M
M
:0

.5
%

G
ag

el
m
an

n
et

al
.[
28

]
37

44
20

05
–
20

14
N
R

N
D
M
M
:3

.7
%

D
en

g
et

al
.[
18

]
83

4
19

93
–
20

13
X
-r
ay
,U

S,
C
T,
p
h
ys
ic
al

ex
am

in
at
io
n
;h

is
to
lo
g
ic
al
ly

co
n
fi
rm

ed
w
h
er
e
p
o
ss
ib
le

N
D
M
M
:4

.8
%

R
R
M
M
:3

.4
%

W
ei
n
st
o
ck

et
al
.[
29

]
66

3
20

05
–
20

11
Pa

th
o
lo
g
ic
al

o
r
ra
d
io
lo
g
ic
al

ev
id
en

ce
o
f
EM

D
at

an
y
ti
m
e
fo
llo

w
in
g
th
e
in
it
ia
l

d
ia
g
n
o
si
s
o
f
M
M

R
R
M
M
:8

.3
%

Po
u
r
et

al
.[
23

]
22

6
20

05
–
20

08
U
S,

C
T,
o
r
M
R
I

R
R
M
M
:1

4%

R
as
ch

e
et

al
.[
21

]
35

7
20

07
–
20

10
C
yt
o
lo
g
y,
b
io
p
sy

o
f
cl
in
ic
al
/r
ad

io
lo
g
ic
al

le
si
o
n
s

R
R
M
M
:6

.7
%

Sh
o
rt

et
al
.[
30

]
17

4
20

07
–
20

11
PE

T/
C
T,
M
R
I

N
D
M
M
:1

.7
%

R
R
M
M
:7

.5
%

CT
co

m
p
u
te
d
to
m
o
g
ra
p
h
y,
M
RI

m
ag

n
et
ic

re
so
n
an

ce
im

ag
in
g
,N

R
n
o
t
re
p
o
rt
ed

,P
ET

p
o
si
tr
o
n
em

is
si
o
n
to
m
o
g
ra
p
h
y,
U
S
u
lt
ra
so
u
n
d
.

Ta
bl
e
3.

Tr
ea
tm

en
t
o
u
tc
o
m
es

in
p
at
ie
n
ts

w
it
h
N
D
M
M

an
d
EM

D
.

R
ef
er
en

ce
St
ud

y
ty
p
e

To
ta
l
n
um

b
er

of
p
at
ie
n
ts
/

n
um

b
er

w
it
h
EM

D
Ti
m
e
p
er
io
d
co

ve
re
d

Tr
ea

tm
en

ts
PF

S
O
S

M
o
n
te
fu
sc
o
et

al
.
[2
6]

M
et
a-
an

al
ys
is
o
f

8
tr
ia
ls

26
7

EM
D
,n

=
12

20
10

–
20

18
(a
cr
o
ss

al
l

st
u
d
ie
s)

IM
iD
-b
as
ed

th
er
ap

y
(n

=
16

6)
,
PI
-b
as
ed

(n
=
66

),
IM

iD
+

PI
-

b
as
ed

(n
=
35

)
M
ed

ia
n
(9
5%

C
I):

26
.1

m
o
n
th
s
(8
.0
–
N
R
)

2-
ye
ar
:
35

%
M
ed

ia
n
(9
5%

C
I):

70
.1

m
o
n
th
s

(1
6.
9–

N
R
)

B
at
su
kh

et
al
.[
35

]
R
et
ro
sp
ec
ti
ve

64 EM
D
,n

=
22

20
09

–
20

16
B
o
rt
ez
o
m
ib
/d
ex
am

et
h
as
o
n
e
(n

=
7)

Th
al
id
o
m
id
e/
d
ex
am

et
h
as
o
n
e
(n

=
23

)
B
o
rt
ez
o
m
ib
/t
h
al
id
o
m
id
e/
d
ex
am

et
h
as
o
n
e
(n

=
11

)
B
o
rt
ez
o
m
ib
/m

el
p
h
al
an

/p
re
d
n
is
o
n
e
(n

=
23

)
Le
n
al
id
o
m
id
e/
d
ex
am

et
h
as
o
n
e
(n

=
1)

M
lp
h
al
an

/p
re
d
n
is
o
lo
n
e
o
r
d
ex
am

et
h
as
o
n
e
(n

=
6)

A
SC

T
(n

=
28

)

M
ed

ia
n
(9
5%

C
I):

16
.0

m
o
n
th
s
(5
.8
–
26

.2
)

M
ed

ia
n

(9
5%

C
I):

27
.8

m
o
n
th
s

(5
.8
–
26

.5
)

B
ek
sa
c
et

al
.
[3
1]

R
et
ro
sp
ec
ti
ve

13
0

EM
D
,n

=
92

20
10

–
20

17
M
ed

ia
n
tw

o
lin

es
o
f
tr
ea
tm

en
t
an

d
A
SC

T
(4
4%

)
M
ed

ia
n
(9
5%

C
I):

38
.9

m
o
n
th
s
(2
3.
6–

54
.2
)

M
ed

ia
n
(9
5%

C
I):

46
.5

m
o
n
th
s
(2
5.
5–

67
.5
)

G
ag

el
m
an

n
et

al
.[
36

]
EB

M
T
re
g
is
tr
y
an

al
ys
is

48
8

EM
D
,n

=
87

20
03

–
20

14
In
d
u
ct
io
n
w
it
h
b
o
rt
ez
o
m
ib

(n
=
35

5)
vs

n
o
n
-b
o
rt
ez
o
m
ib

(n
=
13

3)
Tr
an

sp
la
n
ts
:
au

to
lo
g
o
u
s
(n

=
37

3)
o
r
ta
n
d
em

au
to
lo
g
o
u
s

(n
=
84

)
o
r
au

to
lo
g
o
u
s-
al
lo
g
en

ei
c
tr
an

sp
la
n
t
(n

=
31

)

3-
ye
ar

(r
an

g
e)
:
39

%
(2
7–

52
)

3-
ye
ar

(r
an

g
e)
:6

0%
(4
8–

73
)

G
ag

el
m
an

n
et

al
.[
28

]
EB

M
T
re
g
is
tr
y
an

al
ys
is

68
2

EM
D
,n

=
13

9
20

05
–
20

14
U
p
fr
o
n
t
si
n
g
le

A
SC

T
w
it
h
in

12
m
o
n
th
s
o
f
d
ia
g
n
o
si
s
o
r
a

ta
n
d
em

A
SC

T
w
it
h
in

6
m
o
n
th
s
fr
o
m

fi
rs
t
A
SC

T
as

fi
rs
t-
lin

e
th
er
ap

y

3-
ye
ar

(r
an

g
e)
:
39

.9
%

(3
0.
3–

49
.5
)

3-
ye
ar

(r
an

g
e)
:5

8.
0%

(4
8.
1–

67
.9
)

A
SC

T
au

to
lo
g
o
u
s
st
em

-c
el
lt
ra
n
sp
la
n
ta
ti
o
n
,E
BM

T
Eu

ro
p
ea
n
So

ci
et
y
fo
r
B
lo
o
d
an

d
M
ar
ro
w

Tr
an

sp
la
n
ta
ti
o
n
,E
M
D
ex
tr
am

ed
u
lla
ry

d
is
ea
se
,I
M
iD

im
m
u
n
o
m
o
d
u
la
to
ry

d
ru
g
s,
O
S
o
ve
ra
ll
su
rv
iv
al
,P
FS

p
ro
g
re
ss
io
n
-f
re
e

su
rv
iv
al
,
PI

p
ro
te
as
o
m
e
in
h
ib
it
o
r.

J. Bladé et al.

4

Blood Cancer Journal           (2022) 12:45 



plasmacytoma diagnosis. PFS and OS were 38.9 months and
46.5 months for EMD at diagnosis and 51.7 months (p= 0.034)
and not reached (p= 0.002) for paraskeletal plasmacytomas.
Gagelmann et al. [36] analyzed clinical and cytogenetic data

from 488 patients with NDMM and soft-tissue plasmacytomas
(paraskeletal, n= 374; EMD, n= 87; both, n= 27) who underwent
SCT. High-risk cytogenetics were identified in 41% of the patients
and found more frequently in those with EMD. Outcomes
following single autologous SCT were significantly worsened in
the presence of high-risk cytogenetic abnormalities, whereas a
tandem autologous transplant strategy was shown to offset the
poor prognosis. An analysis of 3744 patients with NDMM found no
difference in 3-year PFS following first-line autologous SCT
between those with single-site plasmacytomas (any location)
and patients without plasmacytomas [28]. However, single EMD
involvement was associated with worse 3-year OS compared with
no plasmacytomas, which worsened still further when multiple
sites of organs were involved. Note that there is some overlap in
the patients included in these two studies [28, 36].

EMD in patients with RRMM. A summary of currently available
data for treatment outcomes in patients with RRMM and EMD is
provided in Table 4.
In a retrospective study of 127 consecutive patients with

hematogenous EM relapse [37], first treatments for EMD included
PIs (50%), IMiDs (39%), monoclonal antibodies (10%), and
chemotherapy (53%). ORR (≥ partial response) was 57% across
all treatments and IMiDs were associated with higher ORR
compared with PIs (HR 2.2, 95% CI 1.02–4.7; p= 0.04). A single-
center analysis of 24 patients with EMD on relapse reported very
poor prognosis (median PFS of 2 months and median OS of
7 months) despite treatment with novel agents in 22 of the 24
patients [21].
In the multinational retrospective study conducted by Beksac

et al. [31, 38], patients with EMD at relapse had a PFS and OS of
9.1 months and 11.4 months, respectively. The complete remission
rate was significantly lower than the rate in patients with bone-
related plasmacytomas (9% vs 54.4%, p= 0.001).
Short et al. [30] studied the detailed medical records of 174

consecutive patients with RRMM who enrolled in a phase 2 clinical
trial of pomalidomide plus low-dose dexamethasone. Sixteen
patients had EMD, and these patients had significantly worse OS
from trial entry compared with non-EMD patients (median
16 months vs not reached; p= 0.002).
Zhou et al. [39] retrospectively assessed carfilzomib-containing

therapies in 45 patients with RRMM and invovlement of
plasmacytomas. PFS and OS are not reported separately for
bone-related plasmacytomas and EMD, although EMD without
adjacency to bone was associated with a significantly shorter PFS
(p= 0.004) and OS (p= 0.04) compared with paraosseous
lesions. In a study of 303 patients with MM, including 28 cases
of EMD relapse, prior treatment with bortezomib was associated
with a decreased hazard of EMD relapse (p= 0.041) [40]. Median
OS from MM diagnosis was significantly shorter in the group with
EMD relapse than in the non-EMD group (38 months vs
59 months; p= 0.006).
Rasche et al. [41] retrospectively analyzed the polyche-

motherapy regimen, Dexa-BEAM, in 18 patients with advanced
MM (11 had EMD). Objective response (≥ partial response) to
Dexa-BEAM was achieved in more than half (6/11) of the
patients; subsequent high-dose consolidation strategy with
autologous or allogeneic SCT improved upon the depth of
remission in two-thirds of EMD patients (4/6) with ongoing
remissions in three patients.
A phase 2 study (HORIZON) has assessed melflufen (plus

dexamethasone) in patients with heavily pretreated RRMM, and
a subgroup analysis of patients with involvement of plasmacy-
tomas has been reported [42]. The study enrolled 157 patients,

including 55 with plasmacytomas (bone-related, n= 28; EMD, n
= 27). The ORR was 32% in the group without plasmacytoma
involvement, 25% in the group with bone-related plasmacyto-
mas, and 22% in the EMD group.
The CAR-T therapy LCAR-B38M has been assessed in a single-

center study involving 57 patients (17 with EMD) [43]. At a
median follow-up of 25.1 months, median PFS was 8.1 months
in the EMD group and 25 months in those without EMD (p <
0.001); median OS was 13.9 months in the EMD group and not
reached in those without EMD (p= 0.0019). Published trials of
other CAR-T therapies have reported responses in patients with
soft-tissue plasmacytomas, but do not report data specifically
for patients with EMD [44, 45]. Very recently, data have been
presented from a phase 1b/2 study of ciltacabtagene autoleucel
[46]; 13 patients with EMD were included, and the authors
report similar response rates in the EMD subgroup to those of
the overall study population (ORR 94.7%).
Deng et al. [47] have recently reported on the safety and

efficacy of humanized anti-B-cell maturation antigen (BCMA)
CAR-T therapy in 7 patients with EMD compared with 13 with no
EMD involvement. Cytokine release syndrome (CRS) and
immune effector cell-associated neurotoxic syndrome (ICANS)
were higher in patients with EMD, most likely related to the
higher tumor burden in this population. While the response
rate was similar in both groups, the 1-year PFS and OS rates
were significantly shorter in patients with EMD. The unsatisfac-
tory long-term efficacy of anti-BCMA CAR-T therapy in EMD, also
highlighted by Wang et al. [43], is worrisome and needs to be
further explored in forthcoming trials.

CNS involvement
Available data for treatment outcomes in patients with CNS soft-
tissue involvement are summarized in Table 5. In a large (N= 172),
retrospective, multi-institutional study, overall median OS after
onset of CNS involvement was 6.7 months [48]. Median OS was
2 months for those untreated and 8 months for patients who
received treatment for CNS disease. Another study of 16 patients
treated with different combinations of systemic therapy, intrathe-
cal chemotherapy, and radiotherapy highlighted a dismal out-
come for patients with leptomeningeal involvement (median OS
of 82 days) [49].
Paludo et al. [50] compared a cohort of MM patients with CNS

involvement (n= 29) with a control population of patients
without CNS involvement. OS from diagnosis of MM was shorter
in the CNS-MM group than in the control group (median
40 months vs 93 months); OS from detection of CNS involvement
was 3.4 months. In patients who underwent ASCT after CNS
involvement (n= 7), median OS was 19 months (95% CI
10–67 months) from the detection of CNS involvement.
Katoditrou et al. [51] retrospectively reviewed medical records

of 31 patients with CNS-MM treated in centers from Greece. Both
PFS and OS were significantly shorter in the patients treated for
CNS-MM (n= 29) compared with the control group (MM with no
CNS involvement), and treatment with novel agents did not confer
a survival advantage. Another study retrospectively reviewed
patients with CNS-MM (n= 35) identified from the University of
Arkansas MM database. [52] Treatment comprised mainly systemic
and/or intrathecal chemotherapy, and median OS was 4 months.
Yet another retrospective study, from a single center in Canada,

identified 37 patients with CNS-MM [53]. Median OS was only
4.6 months, although nine patients had prolonged survival
(median 17.1 months); these longer-term survivors were treated
with radiotherapy, intrathecal chemotherapy, and IMiD-based
regimens. Lee et al. [54] retrospectively analyzed 17 patients with
CNS-MM, reporting a median OS of 4 months from time of CNS
involvement. OS was significantly better in patients who received
intrathecal chemotherapy than those who did not (20 months vs
2 months, respectively; p < 0.02). Another retrospective survey of

J. Bladé et al.

5

Blood Cancer Journal           (2022) 12:45 



Ta
bl
e
4.

Tr
ea
tm

en
t
o
u
tc
o
m
es

in
p
at
ie
n
ts

w
it
h
R
RM

M
an

d
EM

D
.

R
ef
er
en

ce
St
ud

y
ty
p
e

To
ta
l
n
um

b
er

of
p
at
ie
n
ts
/
n
um

b
er

w
it
h
EM

D

Ti
m
e
p
er
io
d

co
ve

re
d

Tr
ea

tm
en

ts
PF

S
O
S

O
th
er

N
ov

el
ag

en
ts

(v
ar
io
us
)
an

d
/o
r
SC

T

A
vi
vi

et
al
.[
37

]
R
et
ro
sp
ec
ti
ve

12
7
(a
ll
EM

D
)

20
10

–
20

18
Fi
rs
t
tr
ea
tm

en
t
in
cl
u
d
ed

PI
s
(5
0%

),
IM

iD
s
(3
9%

),
m
o
n
o
cl
o
n
al

an
ti
b
o
d
ie
s

(1
0%

),
an

d
ch

em
o
th
er
ap

y
(5
3%

)

–
–

57
%

O
R
R
(≥

PR
)
ac
ro
ss

al
l

tr
ea
tm

en
ts

R
as
ch

e
et

al
.[
21

]
Si
n
g
le
-c
en

te
r

re
g
is
tr
y

24
(a
ll
EM

D
)

20
07

–
20

10
R
ad

io
th
er
ap

y
(n

=
16

)
A
SC

T
+
in
te
n
se

d
o
se

ch
em

o
th
er
ap

y
(n

=
6)

B
o
rt
ez
o
m
ib

(n
=
16

)
Le
n
al
id
o
m
id
e
(n

=
12

)
Th

al
id
o
m
id
e
(n

=
8)

M
ed

ia
n
(9
5%

C
I):

2
m
o
n
th
s
(0
.0
8–

3.
92

)
M
ed

ia
n
(9
5%

C
I):

7
m
o
n
th
s
(3
.5
6–

10
.4
3)

–

B
ek
sa
c
et

al
.

[3
1,

38
]

R
et
ro
sp
ec
ti
ve

96 EM
D
,n

=
84

20
10

–
20

17
M
ed

ia
n
tw

o
lin

es
o
f
tr
ea
tm

en
t
an

d
A
SC

T
(4
4%

)
M
ed

ia
n
(9
5%

C
I):

9.
1
m
o
n
th
s
(1
1.
6–

15
.6
)

M
ed

ia
n
(9
5%

C
I):

11
.4

m
o
n
th
s
(0
.6
–
16

.2
)

C
o
m
p
le
te

re
m
is
si
o
n
ra
te
:9

%
(v
s
54

.5
%

in
p
at
ie
n
ts

w
it
h

p
ar
as
ke
le
ta
l,
p
<
0.
00

1)

IM
iD
s

Sh
o
rt

et
al
.[
30

]
Ph

as
e
2
tr
ia
l

16
(a
ll
EM

D
)

20
07

–
20

10
Po

m
al
id
o
m
id
e
+

lo
w
-d
o
se

d
ex
am

et
h
as
o
n
e

–
M
ed

ia
n
:1

6
m
o
n
th
s

–

PI
s

Z
h
o
u
et

al
.[
39

]
R
et
ro
sp
ec
ti
ve

45 EM
D
,n

=
25

C
ar
fi
lz
o
m
ib

+
d
ex
am

et
h
as
o
n
e-
b
as
ed

EM
D

si
g
n
ifi
ca
n
tl
y

in
fe
ri
o
r
PF

S
vs

p
ar
as
ke
le
ta
l
(p

=
0.
00

4)

EM
D

si
g
n
ifi
ca
n
tl
y

in
fe
ri
o
r
O
S
vs

p
ar
as
ke
le
ta
l
(p
=
0.
04

)

–

Pa
p
an

ik
o
la
o
u

et
al
.[
40

]
R
et
ro
sp
ec
ti
ve

28
(a
ll
EM

D
)

19
98

–
20

11
A
t
re
la
p
se
:B
o
rt
ez
o
m
ib
-c
o
n
ta
in
in
g

re
g
im

en
s
(3
2%

)
Pl
at
in
u
m
-c
o
n
ta
in
in
g
(2
1%

)
Le
n
al
id
o
m
id
e
(2
1%

)
VA

D
(8
%
)

–
M
ed

ia
n
fo
llo

w
in
g

re
la
p
se
:5

m
o
n
th
s

M
ed

ia
n
fr
o
m

M
M

d
ia
g
n
o
si
s:
38

m
o
n
th
s

–

C
h
em

ot
h
er
ap

y/
ra
d
io
th
er
ap

y

R
as
ch

e
et

al
.[
41

]
R
et
ro
sp
ec
ti
ve

11
(a
ll
EM

D
)

20
07

–
20

12
D
ex
a-
B
EA

M
(in

cl
u
d
in
g
d
ex
am

et
h
as
o
n
e,

ca
rm

u
st
in
e,

cy
ta
ra
b
in
e,

et
o
p
o
si
d
e,

an
d

m
el
p
h
al
an

)

M
ed

ia
n
:4

m
o
n
th
s

–
O
b
je
ct
iv
e
re
sp
o
n
se

(≥
PR

)
ac
h
ie
ve

d
in

6/
11

p
at
ie
n
ts

R
ec
en

tl
y
ap

p
ro
ve

d
an

d
in
ve

st
ig
at
io
n
al

ag
en

ts

R
ic
h
ar
d
so
n
et

al
.

[4
2]

Ph
as
e
2

55 EM
D
,n

=
27

Pa
ti
en

ts
en

ro
lle
d

b
et
w
ee

n
D
ec

20
16

an
d
O
ct

20
19

M
el
fl
u
fe
n
+

d
ex
am

et
h
as
o
n
e

–
–

O
R
R
:

N
o
n
-E
M
D
,3

2%
Pa

ra
sk
el
et
al
,2

5%
EM

D
,2

2%

W
an

g
et

al
.[
43

]
Si
n
g
le
-c
en

te
r

57 EM
D
,n

=
17

20
16

–
20

18
LC

A
R
-B
38

M
M
ed

ia
n
:8

.1
m
o
n
th
s

(v
s
25

m
o
n
th
s
in

n
o
n
-

EM
D
;p

<
0.
00

1)

M
ed

ia
n
:1

3.
9
m
o
n
th
s

(v
s
N
R
in

n
o
n
-E
M
D
;

p
=
0.
00

19
)

82
%

O
R
R
(≥

PR
)
vs

90
%

fo
r

n
o
n
-E
M
D

A
SC

T
au

to
lo
g
o
u
s
st
em

ce
ll
tr
an

sp
la
n
ta
ti
o
n
,E
M
D
ex
tr
am

ed
u
lla
ry

d
is
ea
se
,M

M
m
u
lt
ip
le

m
ye
lo
m
a,
N
C
n
o
t
ca
lc
u
la
b
le
,N

R
n
o
t
re
ac
h
ed

,O
RR

o
ve

ra
ll
re
sp
o
n
se

ra
te
,O

S
o
ve

ra
ll
su
rv
iv
al
,P
FS

p
ro
g
re
ss
io
n
-f
re
e
su
rv
iv
al
,P
R

p
ar
ti
al

re
sp
o
n
se
,V

A
D
vi
n
cr
is
ti
n
e/
ad

ri
am

yc
in
/d
ex
am

et
h
as
o
n
e.

J. Bladé et al.

6

Blood Cancer Journal           (2022) 12:45 



Ta
bl
e
5.

Tr
ea
tm

en
t
o
u
tc
o
m
es

in
st
u
d
ie
s
o
f
p
at
ie
n
ts

w
it
h
C
N
S
in
vo

lv
em

en
t.

R
ef
er
en

ce
St
ud

y
ty
p
e

N
o.

of
p
at
ie
n
ts

Ti
m
e
p
er
io
d

co
ve

re
d

Tr
ea

tm
en

ts
PF

S
O
S

B
o
m
m
er

et
al
.[
49

]
R
et
ro
sp
ec
ti
ve

16
(a
ll
LM

M
)

20
05

–
20

16
In
tr
at
h
ec
al

ch
em

o
th
er
ap

y,
ra
d
io
th
er
ap

y
–

M
ed

ia
n
O
S:

82
d
ay
s
(a
ft
er

LM
M

d
ia
g
n
o
si
s)

Ju
rc
zy
sz
yn

et
al
.

[4
8]

R
et
ro
sp
ec
ti
ve

17
2

(3
8
at

in
it
ia
l
M
M

d
ia
g
n
o
si
s,
13

4
at

re
la
p
se
/

p
ro
g
re
ss
io
n
)

19
95

–
20

14
Sy
st
em

ic
th
er
ap

y
(n

=
11

7)
R
ad

io
th
er
ap

y
(n

=
56

)
In
tr
at
h
ec
al

th
er
ap

y
(n

=
49

)
St
er
o
id
s
o
n
ly

(n
=
5)

M
as
s
re
se
ct
io
n
(n

=
1)

SC
T
(n

=
32

)

–
M
ed

ia
n
O
S:

6.
7
m
o
n
th
s
(a
ll
p
at
ie
n
ts
)

2
m
o
n
th
s
(u
n
tr
ea
te
d

p
at
ie
n
ts
)

8
m
o
n
th
s
(t
re
at
ed

p
at
ie
n
ts
)

Pa
lu
d
o
et

al
.[
50

]
R
et
ro
sp
ec
ti
ve

29
(7

at
in
it
ia
ld

ia
g
n
o
si
s
o
f

M
M
,2

2
at

re
la
p
se
)

19
98

–
20

14
R
ad

ia
ti
o
n
th
er
ap

y
(n

=
22

)
+

ad
ju
va
n
t
in
tr
at
h
ec
al

ch
em

o
th
er
ap

y
(n

=
6)

In
tr
at
h
ec
al

+
sy
st
em

ic
th
er
ap

y
(n

=
1)

Sy
st
em

ic
th
er
ap

y
(n

=
2)

N
o
ve
l
ag

en
ts
,i
n
cl
u
d
in
g
b
o
rt
ez
o
m
ib

(2
8%

),
th
al
id
o
m
id
e

(1
4%

),
le
n
al
id
o
m
id
e
(1
0%

),
an

d
p
o
m
al
id
o
m
id
e
(3
%
),

ad
m
in
is
te
re
d
af
te
r
C
N
S
in
vo

lv
em

en
t.

A
SC

T
af
te
r
th
e
d
ia
g
n
o
si
s
o
f
C
N
S
d
is
ea
se

(2
4%

)

M
ed

ia
n
O
S
(9
5%

C
I):

C
N
S
in
vo

lv
em

en
t,
40

m
o
n
th
s

(2
4–

56
)

C
o
n
tr
o
l
(n
o
C
N
S

in
vo

lv
em

en
t)
,9

3
m
o
n
th
s

(6
7–

12
9)

Pa
ti
en

ts
w
it
h
A
SC

T
af
te
r
C
N
S

in
vo

lv
em

en
t,
19

m
o
n
th
s

(1
0–

67
)

K
at
o
d
ri
to
u
et

al
.

[5
1]

R
et
ro
sp
ec
ti
ve

31
20

00
–
20

13
B
o
rt
ez
o
m
ib
-b
as
ed

(n
=
12

)
IM

iD
-b
as
ed

(n
=
5)

C
h
em

o
th
er
ap

y
al
o
n
e
(n

=
8)

In
tr
at
h
ec
al

in
fu
si
o
n
s
(n

=
3)

A
d
d
it
io
n
al

ra
d
io
th
er
ap

y
(n

=
9)

M
ed

ia
n
(9
5%

C
I)

C
N
S
in
vo

lv
em

en
t,
16

m
o
n
th
s

(2
–
30

.6
)

C
o
n
tr
o
l
(n
o
C
N
S

in
vo

lv
em

en
t)
,3

6
m
o
n
th
s

(1
2–

60
)

p
=
0.
00

4

M
ed

ia
n
(9
5%

C
I)

C
N
S
in
vo

lv
em

en
t,
47

m
o
n
th
s

(3
2–

62
)

C
o
n
tr
o
l
(n
o
C
N
S

in
vo

lv
em

en
t)
,8

4
m
o
n
th
s

(3
1–

13
7)

p
=
0.
01

A
b
d
al
la
h
et

al
.[
52

]
R
et
ro
sp
ec
ti
ve

35
19

96
–
20

12
C
h
em

o
th
er
ap

y,
in
cl
u
d
in
g
in
tr
at
h
ec
al

(n
=
28

)
In
tr
at
h
ec
al

al
o
n
e
(n

=
3)

–
M
ed

ia
n
(r
an

g
e)
:4

m
o
n
th
s

(1
–
13

)

C
h
en

et
al
.[
53

]
R
et
ro
sp
ec
ti
ve

37
19

99
–
20

10
In
tr
at
h
ec
al

ch
em

o
th
er
ap

y
(8
1%

)
C
ra
n
ia
l
an

d
/o
r
sp
in
al

ir
ra
d
ia
ti
o
n
(7
8%

)
IM

iD
s
(5
1%

)
C
is
p
la
ti
n
-b
as
ed

(2
7%

)
B
o
rt
ez
o
m
ib

(1
9%

)
A
lk
yl
at
o
rs

(1
1%

)
D
ex
am

et
h
as
o
n
e
al
o
n
e
(8
%
)

A
SC

T
(5
%
)

M
ed

ia
n
(9
5%

C
I)
af
te
r
C
N
S

in
vo

lv
em

en
t:
3.
1
m
o
n
th
s

(2
.0
–
6.
0)

M
ed

ia
n
(9
5%

C
I)
af
te
r
C
N
S

in
vo

lv
em

en
t:
4.
6
m
o
n
th
s

(2
.8
–
6.
7)

Le
e
et

al
.[
54

]
R
et
ro
sp
ec
ti
ve

17
20

00
–
20

11
Sy
st
em

ic
p
h
ar
m
ac
o
th
er
ap

y
In
tr
at
h
ec
al

ch
em

o
th
er
ap

y
an

d
/o
r
ra
d
io
th
er
ap

y
–

M
ed

ia
n
(r
an

g
e)

af
te
r
C
N
S

in
vo

lv
em

en
t:
4
m
o
n
th
s
(1
–
23

)

G
oz
ze
tt
i
et

al
.[
55

]
12

20
00

–
20

10
Sy
st
em

ic
tr
ea
tm

en
t

Sy
st
em

ic
tr
ea
tm

en
t
+

ra
d
io
th
er
ap

y
Sy
st
em

ic
+

ra
d
io
th
er
ap

y
+

in
tr
at
h
ec
al

R
ad

io
th
er
ap

y
+

in
tr
at
h
ec
al

In
tr
at
h
ec
al

(n
o
te
:s
p
ec
ifi
c
tr
ea
tm

en
ts

re
ce
iv
ed

b
y
p
at
ie
n
ts

w
it
h
C
N
S-

M
M

n
o
t
sp
ec
ifi
ed

)

–
M
ed

ia
n
(r
an

g
e)
:6

m
o
n
th
s

(1
–
23

)

A
SC

T
au

to
lo
g
o
u
s
st
em

ce
ll
tr
an

sp
la
n
ta
ti
o
n
,
CN

S
ce
n
tr
al

n
er
vo

u
s
sy
st
em

,
IM
iD

im
m
u
n
o
m
o
d
u
la
to
ry

d
ru
g
,L
M
M

le
p
to
m
en

in
g
ea
l
m
ye
lo
m
at
o
si
s,
M
M

m
u
lt
ip
le

m
ye
lo
m
a.

J. Bladé et al.

7

Blood Cancer Journal           (2022) 12:45 



50 patients with intracranial involvement in MM included 12
patients with CNS-MM [55]; within the subgroup of patients with
CNS involvement, the median survival was 6 months.

DISCUSSION
The presence of soft-tissue plasmacytomas represents an aggres-
sive form of MM, which can be found at the time of MM diagnosis
or at relapse. Several different definitions of extramedullary
involvement in MM or EMD have been proposed in the literature.
We and others advocate that true EMD is restricted to
plasmacytomas that arise due to hematogenous spread and have
no contact with bony structures. Typical sites of EMD may vary
according to the stage of MM. At diagnosis, EMD is typically found
in skin; at relapse, typical sites involved include the liver, kidneys,
lymph nodes, breast, pleura and pericardium, and the CNS.
In addition to the variation in definition, the published literature

on soft-tissue plasmacytomas is difficult to navigate for several
reasons: data may be reported for ‘mixed’ populations of patients
with NDMM and RRMM; data may be reported for bone-related
plasmacytomas and EMD combined; or a clear definition is lacking
the type of plasmacytoma being studied. By including, as far as
possible, only studies that clearly define the phase of MM and
clearly specify EMD, this review differs from much of the
previously published literature in this area.
The reported incidence of EMD varies considerably, and

differences in diagnostic approach between studies are likely to
contribute to this variability. In patients with NDMM, the reported
incidence ranges from 0.5% to 4.8%, while in RRMM the reported
incidence is 3.4–14%. Available data demonstrate that the
prognosis is poor, and considerably worse than for MM without
EMD. For patients with soft-tissue plasmacytomas, those with EMD
typically have poorer outcomes than those with paraskeletal
involvement. CNS involvement is rare, but prognosis is even more
dismal than for EMD in other locations, particularly if there is
leptomeningeal involvement.
The outcome of patients with EMD should be reported as a

predefined subgroup in clinical trials. In this regard, the
prospective IMAJEM study from the French group showed the
prognostic impact of the presence of EMD [33]. In the
CASSIOPEIA study, from the same group comparing bortezo-
mib/thalidomide and dexamethasone with or without daratu-
mumab as pretransplant induction regimen, a PET/CT substudy
(CASSIOPET) is ongoing, which aims to investigate the prognostic
impact and response to therapy, including MRD assessments, in
patients with EMD [27]. Hopefully, the design of future trials will
investigate the prognostic impact and treatment efficacy in
patients with EMD.
Available data on treatment outcomes for EMD are almost

entirely derived from retrospective studies. Some agents and
combinations have shown a degree of efficacy but, as would be
expected based on known prognoses, this is typically less than in
MM patients with no extramedullary involvement. The paucity of
prospective studies makes it difficult to justify strong recommen-
dations for any treatment approach. The recent expert consensus
review provided some possible treatment approaches for
consideration [4]. For upfront treatment of EMD in transplant-
ineligible patients, the addition of daratumumab to VMP or RVD
was suggested. In transplant-eligible patients, intensive anti-
myeloma/anti-lymphoma regimens (e.g. VTD/ or VRD/PACE
combined with SCT) are proposed as a theoretical option [4].
Suggested treatments at relapse are also based on lymphoma-like
regimens such as PACE, DCEP, or Dexa-BEAM, although duration
of response is typically ≤4 months. Beyond this, novel-agent
combinations (e.g. carfilzomib-, selinexor-, or isatuximab-based) or
newer/investigational agents (e.g. CAR-T, BiTEs, melflufen) may be
considered [4]. For CNS involvement, some combination of

IMiD-based systemic therapy, intrathecal and radiation therapy
appears to provide the best treatment outcome.
Current response criteria, including MRD assessment, should be

applied in patients with EMD. As per the recent consensus on
extramedullary involvement in MM, the first assessment of EMD
identified by PET/CT (considering size and metabolic uptake) and/
or MRI should be done at three months after treatment initiation
and at physician discretion thereafter [4]. It is recommended that
baseline and follow-up assessments should use the same imaging
technique in order to minimize the inter-technique variability. To
declare complete remission (CR), all evidence of EMD must have
disappeared according to the standardization for metabolic CR
definition recently proposed [25], as well as the disappearance of
the serum and urine M-protein by immunofixation [56]. In
addition, a bone marrow negative for MRD by flow cytometry
(FC) will define not only CR, but also MRD negativity (so-called
double negative at EM involvement PET/CT and at bone marrow
FC) [27, 33]. There is an expectation that liquid biopsy with MRD
assessment in peripheral blood may help to further ensure
disease eradication in all compartments; however, data on this
remains limited.
Prospective data from patients with clearly defined EMD are

important for the optimal evaluation of treatment outcomes.
Conducting trials that are adequately powered to assess outcomes
is a challenge in this uncommon group of patients. In such cases,
the inclusion of these patients in trials to allow subgroup
assessment of treatment effects with a priori hypotheses may
provide the best attainable evidence. There are signs from trials of
the next wave of MM treatments that patients with EMD are at last
being studied in greater detail, and this is a trend that should be
encouraged. Widespread adoption of specific response criteria
based on both morphological and functional evaluation, such as
those proposed recently by Zamagni et al. [25], will also be
important for understanding and comparing the impact of
different treatments on EMD.
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