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Abstract

Purpose Despite the development of novel drugs and the widespread use of hematopoietic cell transplantation, the prog-
nosis of patients (pts) with multiple myeloma and extramedullary involvement (soft-tissue plasmacytoma, STP) is rather
unfavorable.

Methods A retrospective analysis of 120 pts with STP treated between 2007 and 2022 was performed. The effects of demo-
graphic and clinical characteristics on treatment response, progression-free survival (PFS), and overall survival (OS) were
evaluated.

Results The rate of serological response to first-line STP treatment (at least partial remission) was 67%, and the rate of
imaging response was 59%. With a median follow-up of 84.2 months, the median PFS was 10.5 months (primary STP: 20.2
months; secondary STP: 5.8 months), and the median OS was 24.5 months (primary STP: 34.5 months; secondary STP: 12.4
months). Based on the multivariate regression analysis, secondary STP (HRpgg 2.75; HRg 2.63) and organ involvement
(HRppg 1.45; HR5g 1.68) were found to be negative prognostic factors of both PFS and OS. In a prognostic model, pts with
at least one of these factors had a significantly worse PFS (HRppg 3.31) and OS (HR g 3.45) than those with none risk factor.
Conclusion In pts with STP, risk-adapted treatment strategies including immunotherapies and cell therapies are urgently
required.
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Introduction

Soft-tissue plasmacytoma (STP) refers to the extramedul-
lary clonal growth of plasmocytes by either direct passage
via bone structures into the surrounding space, known as
paraskeletal (PS), or hematogenous spread to distant organs,
defined as extramedullary disease (EMD). STP has a poorer
prognosis than multiple myeloma (MM) without extramed-
ullary spread (Mangiacavalli et al. 2017; Pour et al. 2014;
Rosifiol et al. 2021). In addition, EMD has a worse progno-
sois than PS (Beksac et al. 2020; Mangiacavalli et al. 2017,
Pour et al. 2014) due to a more plasmoblastic cell morphol-
ogy (Weinstock and Ghobrial 2013), higher proliferation
index, and more frequent high-risk cytogenetic aberrations
(HRCA) (Pour et al. 2014; Usmani et al. 2012; Varettoni et
al. 2010, Schinke et al. 2023). The average median over-
all survival (OS) varies from 7.0 months for EMD to 46.5
months for PS (Beksac et al. 2020; Montefusco et al. 2020;
Rasche et al. 2012; Varga et al. 2015).

In addition to local differentiation, MM with soft-tissue
involvement can be categorized into primary STP (diag-
nosed together with MM) and secondary STP (diagnosed in
the course of disease progression or relapse). The incidence
rate of primary and secondary STP ranges from 5% to >30%
(Rosifiol et al. 2021). Secondary STP has a worse prognosis
than primary STP (Mangiacavalli et al. 2017; Short et al.
2011; Varga et al. 2015), with a median OS of 7-38 months
(Pour et al. 2014; Rasche et al. 2012) and 28—70 months,
respectively (Montefusco et al. 2020; Short et al. 2011).
The prognosis of pts with central nervous system (CNS)
involvement is unfavorable, with a median survival of <7
months (Chen et al. 2013; Jurczyszyn et al. 2016).

Access to diagnostic and imaging methods has improved.
Further, the use of novel drug classes such as proteasome
inhibitors (PI), immunomodulatory drugs (IMiD), and
monoclonal antibodies (mAB), which have improved sur-
vival probability, has been approved. Hence, the number of
pts diagnosed with STP involvement is increasing (Bladé et
al. 2015; Jurczyszyn et al. 2016). The site of STP occurrence
significantly varies. However, STP are comonly observed in
the lymph nodes, skin/soft tissues, liver, kidney, and chest
wall/pleura/airways in EMD and in the paravertebral area in
PS (Pour et al. 2014; Short et al. 2011; Usmani et al. 2012;
Varettoni et al. 2010).

Although the number of STP diagnoses is increasing, the
risk factors or prognostic scores of STP have not been fully
elucidated. Only a few studies performed multivariate anal-
ysis to assess for independent factors (Beksac et al. 2020;
Mangiacavalli et al. 2017; Usmani et al. 2012; Varettoni
et al. 2010). However, the results of previous studies are
inconsistent, and the availability of data from prospective
studies on STP is limited. In addition, STP was often poorly
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or not represented in large randomized myeloma studies
(Dimopoulos et al. 2017; Lonial et al. 2015b; Moreau et al.
2016, 2019; Palumbo et al. 2016; San-Miguel et al. 2014;
Stewart et al. 2015). In contrast to the encouraging data on
bispecific antibodies and chimeric antigen receptor (CAR)
T cells in pts with relapsed/refractory MM (Berdeja et al.
2021; Krishnan et al. 2023; Lesokhin et al. 2023; Moreau
et al. 2022; Munshi et al. 2021; Schinke et al. 2023), the
outcomes of these innovative cellular and immunotherapies
in pts with STP have, thus far, been rather disappointing
(Table 1).

This retrospective analysis aimed to identify the risk fac-
tors of STP outcomes with consideration of the significantly
improved treatment options for pts with MM in recent years.

Materials and methods
Definitions

The definition and classification of STP was adopted from
Rosifiol et al. (2021). Pts with STP were divided into exclu-
sively PS plasmacytoma and pts with hematogenous spread
/ extramedullary disease (EMD) involving soft-tissues/
organs. Pts with both, PS and soft-tissue/organ involvement,
or EMD were categorized in pts with “organ involvement”.
Pts with solitary plasmacytoma were not included in the
analysis. Diagnosis of STP at the time of MM diagnosis was
classified as primary STP (corresponding to newly diag-
nosed MM, NDMM), while pts who developed STP during
the course of MM disease were categorized as secondary
STP (corresponding to relapsed or refractory MM, RRMM).

Study design and patients

This unicentric, retrospective analysis assessed pts with
STP treated at the Department of Internal Medicine III at
Klinikum Chemnitz gGmbH. The medical records of the pts
were screened. Results showed that 120 pts with primary or
secondary STP were treated with systemic therapy between
2000 and 2022 (cut-off: July 31, 2022). The regional ethics
committee of the institution (The State Chamber of Physi-
cians of Saxony, EK-BR-118/22 — 1) approved this study.

Data collection

All data including laboratory and pathological examina-
tion results and cytogenetic and imaging findings were col-
lected from the health records of the individual pts. Data
on demographic, disease, and treatment characteristics were
recorded in a separate database. Missing data were con-
sidered to be missing completely at random and were not
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Table 1 Results of STP patients in studies with CAR T therapy (a) or bispecific antibodies (b)

Pts CR ORR DoR Median Median OS  Reference
PFS
(a) - CART therapy
Ide-cel 50 24% 70%  9.2mo 7.9 mo n.a. KarMMa (Munshi et al. 2021; Raje et al. 2020)
61 23% 56% na. 7.2 mo n.a. KarMMa-3 (Patel et al. 2023; Rodriguet-Otero et al. 2023)
76 43% 78%  na. <85mo® na. RWE (Hansen et al. 2023)
Cilta-cel 19 na. 100% 129 mo 13.8 mo 2.25 year: CARTITUDE-1 (Lin et al. 2023)
52.1%
22 55% 82% na. 8.9 mo 14.3 mo LEGEND-2 (Zhao et al. 2023)
Ide-cel 53 42% 78%  na. 6.5 mo 12.9 mo RWE (Dima et al. 2023)
Cilta-cel 11
Ide-cel/Cilta- 34 53% 76% na. 12.4 mo 24.4 mo RWE (Pan et al. 2023)
cel/other CAR
T cells
(b) - Bispecific antibodies
Teclistamab 28 na.  36% na. n.a. n.a. MajesTEC-1 (Moreau et al. 2022; Miao et al. 2023)
45 na. 47% na <54mo® na. RWE (Dima et al. 2024)
43 na.  37% na. 2.1 mo n.a. RWE (Riedhammer et al. 2024)
Talquetamab 37" na.  43% 93 mo 3.9mo n.a. MonumenTAL-1 (Krishnan et al. 2023)
332 na.  48% na. n.a. n.a. MonumenTAL-1 (Krishnan et al. 2023)
Elranatamab 39 23% 39% 15 mo: 78% 4.1 mo n.a. MagnetisMM-3 (Lesokhin et al. 2023; Touzeau et al.

2023)

Ipatients and results of 0.8 mg/kg/Q2W dose cohort; *patients and results of 0.4 mg/kg/QW dose cohort; 3survival of all patients including
STP as independent prognostic factor in multivariate analysis. CR: Complete remission, DoR: Duration of Response, n.a.: not available, ORR:

Overall response rate; OS: Overall survival, PFS: Progression-free survival, RWE: Real-world evidence

adjusted for analysis. Pts who were lost to follow-up were
censored at the last point of visit or at the end of the study
period. The minimum follow-up time was 3 months.

Outcome measurements

Pts with MM/STP according to the International Myeloma
Working Group (IMWG) criteria (International Myeloma
Working Group 2003; Rajkumar et al. 2014) were included
in this study, and the outcome based on the medical records
was analyzed. Revised international staging system (R-ISS)
were calculated based on laboratory results according to
Palumbo et al. (2015). The primary endpoints were pro-
gression-free survival (PFS) and OS. PFS was defined as
the time from STP diagnosis until disease progression,
relapse, or death from any cause. OS was defined as the
period between STP diagnosis and death from any cause.
The assessment of overall response rate (ORR) was based
on the IMWG criteria (Durie et al. 2006; Kumar et al. 2016).
The reported response was assessed as the best response
achieved after first-line STP treatment.

Statistical analysis

The Kaplan—-Meier method was used to determine the
median OS and PFS. The inverse Kaplan—-Meier method
was used to determine the follow-up time. Survival curves
were compared using the two-sided log-rank test. An alpha

value of 0.05 was considered statistically significant. Uni-
variate and multivariate Cox proportional hazards analysis
of the selected prognostic indicators were performed. The
indicators were as follows: Sex (male vs. female), age (< 65
years vs. >65 years), STP type (primary vs. secondary),
STP location (PS vs. organ involvement), non-paraverebral
PS (no vs. yes), CNS involvement (no vs. yes), HRCA (no
vs. yes), LDH (normal vs. elevated), Beta-2-Microglobulin
(£5.5 mg/L vs. >5.5 mg/L), serum albumin (>3.5 g/dL vs.
<3.5 g/dL), R-ISS stage (R-ISS I+1I vs. R-ISS III), single
HRCA [t(4;14), t(14;16), dell7p13, dupllq21, tripllq21,
ampllq21; no vs. yes], HRCA high-risk (no vs. yes), MM
light chains (kappa vs. lambda), year of MM diagnosis
(2000-2013 vs. 2014-2022), prior autologeous hemato-
poietic cell transplantation (AHCT, no vs. yes), first-line
STP treatment with HCT (no vs. yes), and first-line ther-
apy withPI+IMiD (no vs. yes), STP first-line therapy with
PI+IMID and/or CD38-mab (no vs. yes). The multivari-
ate Cox proportional hazards model was established using
a selection approach based on the univariate analysis with
a p-value of <0.1 as entry criterion (complete model) for
selected variables considering multicollinearity and overfit-
ting due to the limited number of pts in the study population.
Moreover, a stepwise reduction approach was applied with a
p-value of > 0.1 as removal criterion (reduced model). Data
analysis and visualization were performed with SPSS® (ver-
sion 27, IBM Inc.) and GraphPad Prism (version 6.07).
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Results
Characteristics of the patients

Table 2 presents the demographic and clinical characteris-
tics of 120 pts with STP. The median age of the pts was 68
years, and approximately two-thirds were male. Approxi-
mately > 60% of the study population was diagnosed with
STP during MM diagnosis. In pts with secondary STP, the
median time between MM diagnosis and the first detection
of STP was 49.1 (range: 5.1-181.5) months. Approximately
two-thirds of the pts had STP with exclusively PS involve-
ment. Meanwhile, 34% of pts were diagnosed with STPin-
volving organs (EMD and both PS+EMD). The latter was
characterized by the involvement of various organs, includ-
ing 6 pts with CNS involvement which is associated with
a poor survival prognosis (Chen et al. 2013; Jurczyszyn et
al. 2016; Rosiflol et al. 2021) and was therefore considered
in univariate analysis. More than one third of pts with PS
plasmacytoma had exclusively paravertebral involvement,
whereas non-paravertebral involvement was characterized
by mainly thoracic (#=26) or pelvic (n=17) infiltration.
As the retrospective data collection was based on medi-
cal records, all pts did not have data on B2-Microglobulin
(n=62), R-ISS stage (n=63) and HRCA (n=3), which lim-
ited the analysis.

Supplementary Information Table S1 shows the pretreat-
ment of pts with secondary STP. In most cases, pts with
STP were diagnosed with MM from 2014 onward (n=69).
Meanwhile, in 51 pts, the underlying MM was detected
between 2000 and 2013. The group diagnosed with MM
from 2014 onward had a significantly lower number of pts
with secondary STP (p=0.002) or a more favorable disease
status (p=0.007) (Table S2).

Treatment

More than 90% of pts received at least one of the novel drugs
(PI or IMiD or anti-CD38 monoclonal antibodies) as the
first-line treatment for STP, regardless of whether they had
primary or secondary STP (Table S3). Moreover, approxi-
mately one-third of pts who were treated received consoli-
dating autologous HCT (AHCT) as shown in Table 2.

Outcome

The ORR of the first-line treatment was evaluated according
to IMWG criteria as best achieved response after first line
STP treatment, as shown in Fig. 1. The serological ORR of
the first-line treatment (at least PR) was 67% (n=80), and
the imaging ORR was 59% (n=71). Two pts died before the
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start of STP treatment, and they were classified as events.
Figure 1 shows the details.

Figure 2 depicts the PFS and OS of the study population.
After a median follow-up of 84.2 months, the median dura-
tion of PFS and OS for all 120 STP pts were 10.5 months
(95% CI: 8.0-13.0) and 24.5 (95% CI: 18.8-30.2) months,
respectively (Fig. 1). The 5- and 7-year PFS and OS rates
were 7% and 3% and 21% and 8%, respectively. The study
population was stratified by primary STP (in NDMM pts)
and secondary STP (in RRMM pts) as well as PS plasma-
cytoma and STP with organ involvement (Fig. S1). Accord-
ingly, pts with primary STP showed a significantly superior
PFS (20.2 months vs. 5.8 months, p <0.001) and OS (34.5
months vs. 12.4 months, p<0.001) compared to pts with
STP diagnosis at a later stage of MM. Moreover, pts with
exclusively PS had also a significantly improved survival
than pts with organ involvement (median PFS: 14.2 vs. 6.4
mo, p<0.001; median OS: 31.3 vs. 17.3 mo, p<0.001).
Interestingly, there were no significant differences in terms
of outcomes between pts diagnosed with MM up to 2013
and those diagnosed from 2014 onward (Fig. S2).

Prognostic factors

A univariate Cox proportional hazards analysis was per-
formed based on potential risk factors (detailed results are
shown in Table S4). Subsequently, a multivariate Cox pro-
portional hazard regression analysis was conducted (Table
S5/complete model). After stepwise reduction, the analysis
indicated that secondary STP and organ involvement were
remaining prognostic factors of both PFS and OS (Table 3/
reduced model). In addition, first-line AHCT improved the
PFS, whereas first-line STP that included both PI and IMiD
was associated with a better OS. Remaining factors in the
reduced model were comparable to the significant variables
in the complete model, indicating that the reduced model
retained the key predictors for PFS and OS.

A simple numerical prognostic factor was determined
based on the two risk factors remaining in the reduced mul-
tivariate Cox proportional hazards model for both PFS and
OS (secondary STP and organ involvement). Pts with none
of these risk factors were stratified and compared with pts
with at least one risk factor. As shown in Fig. 3, the PFS (a)
and OS (b) differed significantly between these two groups.
Pts with at least one risk factors have an approximately
threefold increased risk of disease progression and mortal-
ity (HRpgpg: 3.307 [2.209—4.950], p<0.001; HRyg: 3.449
[2.213-5.374], p<0.001).
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Table 2 Characteristics and STP first-line treatment including systemic therapy of 120 STP patients

Characteristic n %
Median Age (years, range) 68 (37-87)
Age <65 years 45 38
> 65 years 75 62
Sex Male 79 66
Female 41 34
MM type 1gG 73 61
IgA 22 18
IgD 2 2
Kappa-LC 12 10
Lambda-LC 10 8
Asecretory 1 1
LC involvement' Kappa 79 66
Lambda 40 34
STP type Primary 74 62
Secondary 46 38
STP localization Paraskeletal 79 66
Organ involvement 21 18
Both 20 16
PS involvement’ Paravertebral 37 37
Non-paravertebral 50 51
both 12 12
Organ involvement? Lymph nodes 13 32
Lung/Pleura 9 22
Muscles 9 22
CNS 6 14
Gastrointestinal tract 5 12
ENT (ears, nose, throat) 5 12
Skin 4 10
Kidney and adrenal gland 4 10
Liver 4 10
Testis 2 5
Pancreas 2 5
Disease status Newly diagnosed 74 62
First relapse 20 17
Multiple relapse 16 13
Primary refractory 3 3
Refractory relapse 6
Serum LDH Normal 66 55
Elevated 54 45
Serum Albumin <3.5mg/L 35 29
>3.5mg/L 85 71
Serum B2-Microglobulin <3.5mg/L 21 36
3.5-5.5 mg/L 15 26
>5.5mg/L 22 38
R-ISS* I 8 14
I 36 63
111 13 23
HRCA’ t(4;14) 15 13
t(14;16) 2 2
t(14;20) 0 0
dell7p13 10 9
ampllqg21 14 12
Yes® 26 22
No 91 78
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Table 2 (continued)

Characteristic n %
STP first-line treatment PI 52 43
IMiD 13 11
anti-CD38-mAB 1 1
PI+IMiD 30 25
anti-CD38-mAB + PI 8 7
anti-CD38-mAB +IMiD 4 3
anti-CD38-mAB + PI + IMiD 4 3
Others’ 8 7
STP first-line treatment - Novel drug classes® 0 8 7
1 66 55
2 42 35
3 4 3
STP first-line treatment including HCT Yes 42 34
1 autologous 38 90
>2 autologous 3 7
allogeneic 1 3

ldata available for 119 patients (1 asecretory); data of 97 patients with PS plasmacytoma data available for 41 patients, including patients with
multiple organ involvement *data available for 57 patients; *data available for 117 patients; ®patients with at least 1 HRCA; "including classical
chemotherapy; *PI, IMiD and anti-CD38-mAB. HCT: Hematopoietic cell transplantation; HRCA: High-risk cytogenetic aberrations; IMiD:
Immunomodulatory drugs, LC: Light chain; mAB: monoclonal antibody; MM: Multiple myeloma; PI: Proteasome inhibitors; PS: Paraskeletal;

STP: Soft-tissue plasmacytoma

Event
2%

Fig. 1 Serological (a) and imag-
ing (b) response of the first-line
treatment for 120 patients with
STP

PD
22%

PR
19%

N

_'VGPR
16%
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sCR

CR
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27%

(a) (b)

Fig. 2 Progression-free survival
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Number at risk
PFS 120 39 18 8

(a)

Discussion

Time (months)

Number at risk Time (months)

os 120 65 36 25 12 4 3

(b)

4 3 1

been repeatedly discussed whether PS involvement alone is
sufficient for the definition of STP or whether only hema-

Pts with STP have a significantly worse prognosis than pts
with MM without extramedullary involvement. Therefore,
there is a significant need for in-depth studies and compre-
hensive analyses for this subgroup. In recent years, it has
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togenously spread diseases should be included in this cat-
egory. Most studies restrict the definition of STP to cases in
which the STP only results from hematogenous dissemina-
tion (Rosiflol et al. 2021; Usmani et al. 2012; Weinstock
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Table 3 Hazard ratio (HR, 95%-CI) and p-values of remaining factors
of reduced multivariate Cox proportional hazards analysis for progres-
sion-free survival (PFS) and overall survival (OS)

Factor Num- HR (95%-CI) p-value
ber of
Patients
PFS Secondary STP 46 2.754 (1.728-4.390) <0.001
Organ 41 1.449 (0.954-2.201) 0.082
involvement
STP first-line 41 0.578 (0.365-0.918) 0.020
treatment with
AHCT
OS  Secondary STP 46 2.628 (1.704-4.053) <0.001
Organ 41 1.675(1.075-2.611) 0.023
involvement
STP therapy with 30 0.516 (0.298-0.894) 0.018
PI+IMiD

AHCT: Autologous hematopoetic cell transplantation; IMiD: Immu-
nomodulatory drugs; PI: Proteasome inhibitors; STP: Soft-tissue
plasmacytoma

and Ghobrial 2013). However, pts with PS and EMD have
a significantly worse prognosis than those with MM with
exclusively myeloid proliferation (Beksac et al. 2020; Man-
giacavalli et al. 2017; Montefusco et al. 2020; Pour et al.
2014; Usmani et al. 2012; Varettoni et al. 2010). Since both
exclusively PS plasmacytoma and extramedullary organ
involvement (with or without PS) have a negative impact
on survival (Rosifiol et al. 2021), we included in our study
population and considered both as prognostic factor in the
univariate and multivariate analysis.

The response rates are consistent with those in the lit-
erature, which shows a lower radiological than serologi-
cal response (Rosifiol et al. 2006; Zhou et al. 2020). The
median PFS and OS in our study (10.5 and 24.5 months)
were comparable to those in other studies that considered
both PS and EMD and primary and secondary STP. For
example, recently, a large cohort of more than 1300 pts
has been reported that the median OS rates of pts with PS
and those with EMD were 44 and 20 months, respectively
(Jiménez-Segura et al. 2022). Mangiacavalli et al. (2017)
revealed that the median OS rates of pts with PS and those

Fig. 3 Progression-free survival
(a) and overall survival (b) in
120 STP patients with <1 or > 1
risk factor (RF)

100

75+

50+

Percent survival

25+

—— <1 RF, 26.3 mo (95%-Cl: 17.2-35.4) 1004

—i— 21 RF, 6.6 mo (95%-Cl: 5.5-7.7)

with EMD were 2.2 and 1.6 years, respectively. This find-
ing is also comparable to our data. The cut-off year 2014
was chosen for stratification because pomalidomide was
approved as third-line MM treatment in 2013 and an era of
rapid approval of other modern drugs for MM treatment has
started. Nevertheless, there was no significant improvement
in the median PFS and OS in our study population treated
between 2000 and 2013 compared with that treated between
2014 and 2022. Thus, even in the era of novel drug classes
for MM, the unfavorable prognosis of STP cannot be over-
come, and the treatment results remain below expectations.
This is in contrast to the continuous and rapid improvement
of treatment outcomes in pts with MM without PS involve-
ment or EMD (Sneyd et al. 2021; Varettoni et al. 2010). The
fact that STP is often not considered or analyzed separately
in large randomized studies for pts with NDMM (Facon et
al. 2021; Gay et al. 2021; Goldschmidt et al. 2022; Moreau
et al. 2019) limits the ability to compare NDMM pts with
STP versus NDMM pts without STP.

Knowledge about the prognostic factors in pts with STP
is limited. This was addressed via a multivariate Cox pro-
portional hazard regression analysis, which showed that
secondary STPand organ involvement were independent
prognostic factors of PFS and OS. Based on these param-
eters, a risk score was developed, which indicated that the
occurrence of at least one of these factors is associated
with a signicantly worse PFS and OS. Several authors have
described dell7p13 or gainlqg21 as strong markers of extra-
medullary progression (Besse et al. 2016; Billecke et al.
2013; Shin et al. 2015). Nevertheless, the prognostic sig-
nificance of HRCA in STP remains unclear. In our analysis,
del17p13 (included in R-ISS) and ampllq21 were consid-
ered as univariate prognostic factors of PFS and OS, respec-
tively. However, the multivariate model did not confirm this
finding. Nevertheless, the proposed prognostic score must
be considered preliminary and needs to be validated in inde-
pendent and larger cohorts.

STP is a prognostically unfavorable aggressive disease
(Touzeau and Moreau 2016; Lonial et al. 2015a). Therefore,

—4— <1 RF, 52.7 mo (95%-Cl: 22.7-82.8)

—i— 21 RF, 14.3 mo (95%-Cl: 10.3-20.2)
75

Percent survival
(4]
o
I

0 T T T

0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140
Number at risk Time (months) Number at risk Time (months)
<1RF 54 28 15 7 3 1 1 0 <1 RF 54 41 28 20 9 5 3 0
21 RF 66 7 4 2 1 1 0 0 21 RF 66 24 8 5 3 2 0 0
(a) (b)
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there is a need for risk-adapted treatment concepts. How-
ever, the role of consolidating autologous tandem HCT
(Gagelmann et al. 2018) or allogeneic HCT (Rasche et al.
2016; Yin et al. 2018) remains unclear. The use of classical
chemotherapy (without novel drugs) is probably limited to
relapsed STP and should be followed by HCT to achieve
long-term survival (Rasche et al. 2014).

In our study population, the combination of PI and IMiD
as the first-line treatment was a superior univariate factor
(PFS and OS) and remained a signficant factor after step-
wise reduction in the multivariate analysis of OS. Consis-
tently, for several years, PI (Rosifiol et al. 2006; Zhou et al.
2020) and IMiD (Besse et al. 2016; Calvo-Villas et al. 2011,
Short et al. 2011) in pts with STP are known to have a high
efficacy. The efficacy of additional anti-CD38-mAb treat-
ment remains unclear due to its infrequent administration
as first-line treatment in our study cohort. Previous studies
investigated the efficacy of anti-CD38-mAb daratumumab
or isatuximab (Dimopoulos et al. 2021; Jullien et al. 2019;
Pick et al. 2018). The rate of response to daratumumab treat-
ment as monotherapy in pts with STP in those studies was
<25%.

The poor outcome in this retrospective analysis con-
firmed the urgent need for the development of novel treat-
ment options for pts with STP. The approval of advanced
therapy medicinal products such as CAR T cells and bispe-
cific antibodies has significantly improved the treatment of
pts with relapsed/refractory MM. However, its long-term
benefit in STP should still be evaluated. In large pivotal tri-
als on CAR T cell therapies for MM, STP accounted for
approximately 20—40% of all cases. This subgroup showed
a consistent PFS benefit compared with standard therapy in
both approved CAR T products ide-cel and cilta-cel (Lin et
al. 2023; Munshi et al. 2021). Moreover, the ORR of pts with
and without STP are comparable. However, the PFS of this
subgroup is still poor (< 8.5 months), which emphasizes the
need for novel treatment strategies. In pivotal studies on the
bispecific antibodies teclistamab (Miao et al. 2023), talqu-
etamab (Krishnan et al. 2023), and elranatamab (Touzeau et
al. 2023), pts with extramedullary manifestations, which are
negative prognostic factors, had reduced ORR or poor PFS.

In conclusion, although a retrospective analysis has vari-
ous limitations, our study showed that the prognosis of pts
with STP remains poor. Secondary STP and organ involve-
ment were found to be relevant independent risk factors.
Neither intensive chemotherapy with autologous and/or
allogeneic HCT nor the novel cell-/immunotherapies (CAR
T cells, bispecific antibodies) have, thus far, improved the
treatment outcomes of pts with STP similar to that of pts
with RRMM. Therefore, the establishment of risk-adapted
standardized guidelines and treatments remains an impor-
tant challenge in the future. In addition to the development
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of novel (targeted) drugs, databases (multicenter registry
studies, establishment of STP biobanks) is required in order
to improve pts outcomes and apply the novel treatment
algorithms in clinical practice.

Supplementary Information The online  version  contains
supplementary material available at https://doi.org/10.1007/s00432-
024-05993-y.

Acknowledgements The authors would like to acknowledge K.
Kolditz, R. Walbrach for the advice and support during data collec-
tion and analysis. This work was supported by the Federal Ministry
of Education and Research (BMBF)-SaxoCell® (03ZU1111CB and
03ZU1111JC).

Author contributions DZ was responsible for data collection, research
implementation, and data analysis. He was responsible for writing the
first draft including literature review. SK supported the data collection
and analysis and the review of the manuscript. PW supported the sta-
tistical analysis, data visualization, and manuscript preparation. JZ and
MP assisted with data collection and evaluation and the preparation
of the first draft of the manuscript. RH, AH, and AM provided feed-
back on the study design and the first draft of the manuscript. SI was
the statistician responsible for the preliminary data evaluation and the
statistical models. SF was involved in the interpretation of the results
and the review of the manuscript. MH supervised the work, provided
feedback and was responsible for the initial data collection and project
administration.

Funding This work was supported by the Federal Ministry of Edu-
cation and Research (BMBF)-SaxoCell® (03ZU1111CB and 03ZU-
1111JC).

Data availability No datasets were generated or analysed during the
current study.

Declarations

Ethical approval The study was approved by the regional ethics com-
mittee of the institution (The State Chamber of Physicians of Saxony,
EK-BR-118/22-1).

Patient consent Patient consent was waived in accordance with the
ethical approval due to retrospective design of the analysis and ano-
nymization.

Competing interests The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0 International License,
which permits any non-commercial use, sharing, distribution and
reproduction in any medium or format, as long as you give appropri-
ate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if you modified the licensed
material. You do not have permission under this licence to share
adapted material derived from this article or parts of it. The images or
other third party material in this article are included in the article’s Cre-
ative Commons licence, unless indicated otherwise in a credit line to
the material. If material is not included in the article’s Creative Com-
mons licence and your intended use is not permitted by statutory regu-
lation or exceeds the permitted use, you will need to obtain permission


https://doi.org/10.1007/s00432-024-05993-y
https://doi.org/10.1007/s00432-024-05993-y

Journal of Cancer Research and Clinical Oncology (2024) 150:482

Page9of 11 482

directly from the copyright holder. To view a copy of this licence, visit
http://creativecommons.org/licenses/by-nc-nd/4.0/.

References

Beksac M, Seval GC, Kanellias N, Coriu D, Rosifol L, Ozet G et al
(2020) A real world multicenter retrospective study on extra-
medullary disease from Balkan Myeloma Study Group and
Barcelona University: analysis of parameters that improve out-
come. Haematologica 105(1):201-208. https://doi.org/10.3324/
haematol.2019.219295

Berdeja JG, Madduri D, Usmani SZ, Jakubowiak A, Agha M, Cohen
AD et al (2021) Ciltacabtagene autoleucel, a B-cell maturation
antigen-directed chimeric antigen receptor T-cell therapy in
patients with relapsed or refractory multiple myeloma (CARTI-
TUDE-1): a phase 1b/2 open-label study. Lancet 398(10297):314—
324. https://doi.org/10.1016/s0140-6736(21)00933-8

Besse L, Sedlarikova L, Greslikova H, Kupska R, Almasi M, Penka M
et al (2016) Cytogenetics in multiple myeloma patients progress-
ing into extramedullary disease. Eur J Haematol 97(1):93—-100.
https://doi.org/10.1111/ejh.12688

Billecke L, Murga Penas EM, May AM, Engelhardt M, Nagler A,
Leiba M et al (2013) Cytogenetics of extramedullary manifesta-
tions in multiple myeloma. Br J Haematol 161(1):87-94. https://
doi.org/10.1111/bjh.12223

Bladé J, Fernandez de Larrea C, Rosifiol L (2015) Extramedullary dis-
ease in multiple myeloma in the era of novel agents. Br ] Haema-
tol 169(6):763-765. https://doi.org/10.1111/bjh.13384

Calvo-Villas JM, Alegre A, Calle C, Hernandez MT, Garcia-
Sanchez R, Ramirez G et al (2011) Lenalidomide is effec-
tive for extramedullary disease in relapsed or refractory
multiple myeloma. Eur J Haematol 87(3):281-284. https://doi.
org/10.1111/5.1600-0609.2011.01644.x

Chen CI, Masih-Khan E, Jiang H, Rabea A, Cserti-Gazdewich C,
Jimenez-Zepeda VH et al (2013) Central nervous system involve-
ment with multiple myeloma: long term survival can be achieved
with radiation, intrathecal chemotherapy, and immunomodulatory
agents. Br J] Haematol 162(4):483-488. https://doi.org/10.1111/
bjh.12414

Dima D, Davis JA, Rashid A, Rice M, DeJarnette S, Shune L et al
(2023b) Outcomes of BCMA-directed chimeric antigen receptor
T-cell (CART) therapy in patients with relapse-refractory mul-
tiple myeloma with extramedullary disease. Blood 142(Supple-
ment 1):4882. https://doi.org/10.1182/blood-2023-181331

Dima D, Davis JA, Ahmed N, Jia X, Sannareddy A, Shaikh H et
al (2024) Safety and efficacy of teclistamab in patients with
relapsed/refractory multiple myeloma: a real-world experience.
Transpl Cell Ther 30(3):308. e1-308.e13https://doi.org/10.1016/j.
jtct.2023.12.016

Dimopoulos MA, Goldschmidt H, Niesvizky R, Joshua D, Chng
W1, Oriol A et al (2017) Carfilzomib or bortezomib in relapsed
or refractory multiple myeloma (ENDEAVOR): an interim
overall survival analysis of an open-label, randomised, phase 3
trial. Lancet Oncol 18(10):1327-1337. https://doi.org/10.1016/
s1470-2045(17)30578-8

Dimopoulos M, Bringhen S, Anttila P, Capra M, Cavo M, Cole C
et al (2021) Isatuximab as monotherapy and combined with
dexamethasone in patients with relapsed/refractory multiple
myeloma. Blood 137(9):1154-1165. https://doi.org/10.1182/
blood.2020008209

Durie BG, Harousseau JL, Miguel JS, Bladé J, Barlogie B, Anderson
K et al (2006) International uniform response criteria for multiple
myeloma. Leukemia 20(9):1467-1473. https://doi.org/10.1038/
sj.leu.2404284

Facon T, Kumar SK, Plesner T, Orlowski RZ, Moreau P, Bahlis N et
al (2021) Daratumumab, lenalidomide, and dexamethasone ver-
sus lenalidomide and dexamethasone alone in newly diagnosed
multiple myeloma (MAIA): overall survival results from a ran-
domised, open-label, phase 3 trial. Lancet Oncol 22(11):1582—
1596. https://doi.org/10.1016/S1470-2045(21)00466-6

Gagelmann N, Eikema DJ, lacobelli S, Koster L, Nahi H, Stoppa AM
et al (2018) Impact of extramedullary disease in patients with
newly diagnosed multiple myeloma undergoing autologous stem
cell transplantation: a study from the chronic malignancies Work-
ing Party of the EBMT. Haematologica 103(5):890-897. https://
doi.org/10.3324/haematol.2017.178434

Gay F, Musto P, Rota-Scalabrini D, Bertamini L, Belotti A, Galli
M et al (2021) Carfilzomib with cyclophosphamide and dexa-
methasone or lenalidomide and dexamethasone plus autologous
transplantation or carfilzomib plus lenalidomide and dexametha-
sone, followed by maintenance with carfilzomib plus lenalido-
mide or lenalidomide alone for patients with newly diagnosed
multiple myeloma (FORTE): a randomised, open-label, phase 2
trial. Lancet Oncol 22(12):1705-1720. https://doi.org/10.1016/
S1470-2045(21)00535-0

Goldschmidt H, Mai EK, Bertsch U, Fenk R, Nievergall E, Tichy D et al
(2022) German-speaking Myeloma Multicenter Group (GMMG)
HD7 investigators. Addition of isatuximab to lenalidomide, bort-
ezomib, and dexamethasone as induction therapy for newly diag-
nosed, transplantation-eligible patients with multiple myeloma
(GMMG-HD7): part 1 of an open-label, multicentre, randomised,
active-controlled, phase 3 trial. Lancet Haematol 9(11):e810—
e821. https://doi.org/10.1016/S2352-3026(22)00263-0

Hansen DK, Sidana S, Peres LC, Colin Leitzinger C, Shune L, Shrews-
bury A et al (2023) Idecabtagene Vicleucel for relapsed/refrac-
tory multiple myeloma: real-world experience from the myeloma
CAR T Consortium. J Clin Oncol 41(11):2087-2097. https://doi.
org/10.1200/jc0.22.01365

International Myeloma Working Group (2003) Criteria for the clas-
sification of monoclonal gammopathies, multiple myeloma and
related disorders: a report of the International Myeloma Working
Group. Br J Haematol 121(5):749-757

Jiménez-Segura R, Rosifiol L, Cibeira MT, Fernandez de Larrea C,
Tovar N, Rodriguez-Lobato LG et al (2022) Paraskeletal and
extramedullary plasmacytomas in multiple myeloma at diagno-
sis and at first relapse: 50-years of experience from an academic
institution. Blood Cancer J 12(9):135. https://doi.org/10.1038/
$41408-022-00730-5

Jullien M, Trudel S, Tessoulin B, Mahé B, Dubruille V, Blin N et al
(2019) Single-agent daratumumab in very advanced relapsed and
refractory multiple myeloma patients: a real-life single-center
retrospective study. Ann Hematol 98(6):1435-1440. https://doi.
org/10.1007/s00277-019-03655-5

Jurczyszyn A, Olszewska-Szopa M, Hungria V, Crusoe E, Pika T,
Delforge M et al (2016) Cutaneous involvement in multiple
myeloma: a multi-institutional retrospective study of 53 patients.
Leuk Lymphoma 57(9):2071-2076. https://doi.org/10.3109/1042
8194.2015.1128542

Krishnan A, Costa L, Schinke C, Karlin L, Morillo D, Martinez-Cham-
orro C et al Talquetamab, a GPRC5DXCD3 bispecific antibody,
in relapsed/refractory multiple myeloma: efficacy and safety of
patient subgroups from MonumenTAL-1. Poster presented at:
20th International Myeloma Society (IMS) Annual Meeting and
Exposition; September 27-30, 2023; Athens, Greece

Kumar S, Paiva B, Anderson KC, Durie B, Landgren O, Moreau P
et al (2016) International Myeloma Working Group consensus
criteria for response and minimal residual disease assessment in
multiple myeloma. Lancet Oncol 17(8):e328-e346. https://doi.
org/10.1016/51470-2045(16)30206-6

@ Springer


https://doi.org/10.1016/S1470-2045(21)00466-6
https://doi.org/10.3324/haematol.2017.178434
https://doi.org/10.3324/haematol.2017.178434
https://doi.org/10.1016/S1470-2045(21)00535-0
https://doi.org/10.1016/S1470-2045(21)00535-0
https://doi.org/10.1016/S2352-3026(22)00263-0
https://doi.org/10.1200/jco.22.01365
https://doi.org/10.1200/jco.22.01365
https://doi.org/10.1038/s41408-022-00730-5
https://doi.org/10.1038/s41408-022-00730-5
https://doi.org/10.1007/s00277-019-03655-5
https://doi.org/10.1007/s00277-019-03655-5
https://doi.org/10.3109/10428194.2015.1128542
https://doi.org/10.3109/10428194.2015.1128542
https://doi.org/10.1016/s1470-2045(16)30206-6
https://doi.org/10.1016/s1470-2045(16)30206-6
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.3324/haematol.2019.219295
https://doi.org/10.3324/haematol.2019.219295
https://doi.org/10.1016/s0140-6736(21)00933-8
https://doi.org/10.1111/ejh.12688
https://doi.org/10.1111/bjh.12223
https://doi.org/10.1111/bjh.12223
https://doi.org/10.1111/bjh.13384
https://doi.org/10.1111/j.1600-0609.2011.01644.x
https://doi.org/10.1111/j.1600-0609.2011.01644.x
https://doi.org/10.1111/bjh.12414
https://doi.org/10.1111/bjh.12414
https://doi.org/10.1182/blood-2023-181331
https://doi.org/10.1016/j.jtct.2023.12.016
https://doi.org/10.1016/j.jtct.2023.12.016
https://doi.org/10.1016/s1470-2045(17)30578-8
https://doi.org/10.1016/s1470-2045(17)30578-8
https://doi.org/10.1182/blood.2020008209
https://doi.org/10.1182/blood.2020008209
https://doi.org/10.1038/sj.leu.2404284
https://doi.org/10.1038/sj.leu.2404284

482 Page 10 of 11

Journal of Cancer Research and Clinical Oncology (2024) 150:482

Lesokhin AM, Tomasson MH, Arnulf B, Bahlis NJ, Miles Prince H,
Niesvizky R et al (2023) Elranatamab in relapsed or refractory
multiple myeloma: phase 2 MagnetisMM-3 trial results. Nat Med
29(9):2259-2267. https://doi.org/10.1038/s41591-023-02528-9

Lin Y, Martin TH, Usmani SZ, Berdeja JG, Jakubowiak AJ, Agha ME
etal (2023) CARTITUDE-1 final results: phase 1b/2 study of cilt-
acabtagene autoleucel in heavily pretreated patients with relapsed/
refractory multiple myeloma. J Clin Oncol 41(16suppl):8009.
https://doi.org/10.1200/JC0O.2023.41.16_suppl.8009

Lonial S, Boise LH, Kaufman J (2015a) How I treat high-risk
myeloma. Blood 126(13):1536-1543. https://doi.org/10.1182/
blood-2015-06-653261

Lonial S, Dimopoulos M, Palumbo A, White D, Grosicki S, Spicka
I et al (2015b) Elotuzumab therapy for relapsed or refractory
multiple myeloma. N Engl J Med 373(7):621-631. https://doi.
org/10.1056/nejmoal 505654

Mangiacavalli S, Pompa A, Ferretti V, Klersy C, Cocito F, Varettoni
M et al (2017) The possible role of burden of therapy on the risk
of myeloma extramedullary spread. Ann Hematol 96(1):73—-80.
https://doi.org/10.1007/s00277-016-2847-z

Miao X, Wu LS, Lin SXW, Xu Y, Chen Y, Iwaki Y et al (2023) Popu-
lation pharmacokinetics and exposure-response with teclistamab
in patients with relapsed/refractory multiple myeloma: results
from MajesTEC-1. Target Oncol 18(5):667—684. https:/doi.
org/10.1007/s11523-023-00989-z

Montefusco V, Gay F, Spada S, De Paoli L, Di Raimondo F, Ribolla
R et al (2020) Outcome of paraosseous extra-medullary disease
in newly diagnosed multiple myeloma patients treated with new
drugs. Haematologica 105(1):193-200. https://doi.org/10.3324/
haematol.2019.219139

Moreau P, Masszi T, Grzasko N, Bahlis NJ, Hansson M, Pour L et
al (2016) Oral ixazomib, lenalidomide, and dexamethasone for
multiple myeloma. N Engl J Med 374(17):1621-1634. https://
doi.org/10.1056/nejmoal516282

Moreau P, Attal M, Hulin C, Arnulf B, Belhadj K, Benboubker L et
al (2019) Bortezomib, thalidomide, and dexamethasone with
or without daratumumab before and after autologous stem-cell
transplantation for newly diagnosed multiple myeloma (CAS-
SIOPEIA): a randomised, open-label, phase 3 study. Lan-
cet Lond Engl 394(10192):29-38. https://doi.org/10.1016/
s0140-6736(19)31240-1

Moreau P, Garfall AL, van de Donk NWCIJ, Nahi H, San-Miguel
JF, Oriol A et al (2022) Teclistamab in relapsed or refractory
multiple myeloma. N Engl J Med 387(6):495-505. https://doi.
org/10.1056/nejmoa2203478

Munshi NC, Anderson LD, Shah N, Madduri D, Berdeja J, Lonial S
et al (2021) Idecabtagene Vicleucel in relapsed and refractory
multiple myeloma. N Engl J] Med 384(8):705-716. https://doi.
org/10.1056/nejmoa2024850

Palumbo A, Avet-Loiseau H, Oliva S, Lokhorst HM, Goldschmidt H,
Rosinol L et al (2015) Revised International Staging System for
Multiple Myeloma: A Report From International Myeloma Work-
ing Group. J Clin Oncol. ;33(26):2863-9. https://doi.org/10.1200/
JCO.2015.61.2267.

Palumbo A, Chanan-Khan A, Weisel K, Nooka AK, Masszi T, Beksac
M et al (2016) Daratumumab, bortezomib, and dexamethasone
for multiple myeloma. N Engl J Med 375(8):754-766. https://doi.
org/10.1056/nejmoal 606038

Pan D, Mouhieddine TH, Fu W, Moshier E, Parekh S, Jagannath S et al
(2023) Outcomes after CAR T cells in multiple myeloma patients
with extramedullary and paramedullary disease. Blood 142(Sup-
plement 1):1006. https://doi.org/10.1182/blood-2023-177749

Patel K, Rodriguez-Otero P, Manier S, Baz R, Raab MS, Cavo M et al
(2023) MM-388 Idecabtagene Vicleucel (ide-cel) versus standard
regimens in patients with triple-class—exposed (TCE) relapsed
and refractory multiple myeloma (RRMM): a KarMMa-3

@ Springer

analysis in high-risk subgroups. Clin Lymphoma Myeloma Leuk
23:5497-S498. https://doi.org/10.1016/S2152-2650(23)01449-0

Pick M, Vainstein V, Goldschmidt N, Lavie D, Libster D, Gural A et
al (2018) Daratumumab resistance is frequent in advanced-stage
multiple myeloma patients irrespective of CD38 expression and
is related to dismal prognosis. Eur J Haematol 100(5):494-501.
https://doi.org/10.1111/ejh.13046

Pour L, Sevcikova S, Greslikova H, Kupska R, Majkova P, Zahradova
L et al (2014) Soft-tissue extramedullary multiple myeloma prog-
nosis is significantly worse in comparison to bone-related extra-
medullary relapse. Haematologica 99(2):360-364. https://doi.
org/10.3324/haematol.2013.094409

Raje NS, Siegel DS, Jagannath S, Lonial S, Munshi NC, Moreau P et al
(2020) Idecabtagene Vicleucel (ide-cel, bb2121) in relapsed and
refractory multiple myeloma: analyses of high-risk subgroups in
the KarMMa study. Blood 136(Supplement 1):37-38. https://doi.
org/10.1182/blood-2020-134319

Rajkumar SV, Dimopoulos MA, Palumbo A, Blade J, Merlini G,
Mateos MV et al (2014) International Myeloma Working
Group updated criteria for the diagnosis of multiple myeloma.
Lancet Oncol 15(12):e538-e548. https://doi.org/10.1016/
$1470-2045(14)70442-5

Rasche L, Bernard C, Topp MS, Kapp M, Duell J, Wesemeier C et al
(2012) Features of extramedullary myeloma relapse: high pro-
liferation, minimal marrow involvement, adverse cytogenetics:
a retrospective single-center study of 24 cases. Ann Hematol
91(7):1031-1037. https://doi.org/10.1007/s00277-012-1414-5

Rasche L, Strifler S, Duell J, Rosenwald A, Buck A, Maeder U et al
(2014) The lymphoma-like polychemotherapy regimen Dexa-
BEAM in advanced and extramedullary multiple myeloma.
Ann  Hematol 93(7):1207-1214.  https://doi.org/10.1007/
s00277-014-2023-2

Rasche L, Rollig C, Stuhler G, Danhof S, Mielke S, Grigoleit GU et
al (2016) Allogeneic hematopoietic cell transplantation in mul-
tiple myeloma: focus on longitudinal assessment of donor chime-
rism, extramedullary disease, and high-risk cytogenetic features.
Biol Blood Marrow Transpl 22(11):1988-1996. https://doi.
org/10.1016/j.bbmt.2016.08.024

Riedhammer C, Bassermann F, Besemer B, Bewarder M, Brunner F,
Carpinteiro A et al (2024) Real-world analysis of teclistamab in
123 RRMM patients from Germany. Leukemia 38(2):365-371.
https://doi.org/10.1038/s41375-024-02154-5

Rodriguez-Otero P, Ailawadhi S, Arnulf B, Patel K, Cavo M, Nooka
AK et al (2023) Ide-cel or standard regimens in relapsed and
refractory multiple myeloma. N Engl J Med 388(11):1002-1014.
https://doi.org/10.1056/nejmoa2213614

Rosifiol L, Cibeira MT, Uriburu C, Yantorno S, Salamero O, Bladé
J et al (2006) Bortezomib: an effective agent in extramedullary
disease in multiple myeloma. Eur J Haematol 76(5):405—408.
https://doi.org/10.1111/j.0902-4441.2005.t01-1-ejh2462.x

Rosifiol L, Beksac M, Zamagni E, Van de Donk NWCJ, Anderson
KC, Badros A et al (2021) Expert review on soft-tissue plasma-
cytomas in multiple myeloma: definition, disease assessment and
treatment considerations. Br J Haematol 194(3):496-507. https://
doi.org/10.1111/bjh.17338

San-Miguel JF, Hungria VTM, Yoon SS, Beksac M, Dimopoulos MA,
Elghandour A et al (2014) Panobinostat plus bortezomib and
dexamethasone versus placebo plus bortezomib and dexameth-
asone in patients with relapsed or relapsed and refractory mul-
tiple myeloma: a multicentre, randomised, double-blind phase 3
trial. Lancet Oncol 15(11):1195-1206. https://doi.org/10.1016/
$1470-2045(14)70440-1

Schinke CD, Touzeau C, Minnema MC, van de Donk NWCJ, Rodri-
guez-Otero P, Mateos MV et al (2023) Pivotal phase 2 Monumen-
TAL-1 results of talquetamab (tal), a GPRC5DxCD3 bispecific
antibody (BsAb), for relapsed/refractory multiple myeloma


https://doi.org/10.1016/S2152-2650(23)01449-0
https://doi.org/10.1111/ejh.13046
https://doi.org/10.3324/haematol.2013.094409
https://doi.org/10.3324/haematol.2013.094409
https://doi.org/10.1182/blood-2020-134319
https://doi.org/10.1182/blood-2020-134319
https://doi.org/10.1016/s1470-2045(14)70442-5
https://doi.org/10.1016/s1470-2045(14)70442-5
https://doi.org/10.1007/s00277-012-1414-5
https://doi.org/10.1007/s00277-014-2023-2
https://doi.org/10.1007/s00277-014-2023-2
https://doi.org/10.1016/j.bbmt.2016.08.024
https://doi.org/10.1016/j.bbmt.2016.08.024
https://doi.org/10.1038/s41375-024-02154-5
https://doi.org/10.1056/nejmoa2213614
https://doi.org/10.1111/j.0902-4441.2005.t01-1-ejh2462.x
https://doi.org/10.1111/bjh.17338
https://doi.org/10.1111/bjh.17338
https://doi.org/10.1016/s1470-2045(14)70440-1
https://doi.org/10.1016/s1470-2045(14)70440-1
https://doi.org/10.1038/s41591-023-02528-9
https://doi.org/10.1200/JCO.2023.41.16_suppl.8009
https://doi.org/10.1182/blood-2015-06-653261
https://doi.org/10.1182/blood-2015-06-653261
https://doi.org/10.1056/nejmoa1505654
https://doi.org/10.1056/nejmoa1505654
https://doi.org/10.1007/s00277-016-2847-z
https://doi.org/10.1007/s11523-023-00989-z
https://doi.org/10.1007/s11523-023-00989-z
https://doi.org/10.3324/haematol.2019.219139
https://doi.org/10.3324/haematol.2019.219139
https://doi.org/10.1056/nejmoa1516282
https://doi.org/10.1056/nejmoa1516282
https://doi.org/10.1016/s0140-6736(19)31240-1
https://doi.org/10.1016/s0140-6736(19)31240-1
https://doi.org/10.1056/nejmoa2203478
https://doi.org/10.1056/nejmoa2203478
https://doi.org/10.1056/nejmoa2024850
https://doi.org/10.1056/nejmoa2024850
https://doi.org/10.1200/JCO.2015.61.2267
https://doi.org/10.1200/JCO.2015.61.2267
https://doi.org/10.1056/nejmoa1606038
https://doi.org/10.1056/nejmoa1606038
https://doi.org/10.1182/blood-2023-177749

Journal of Cancer Research and Clinical Oncology (2024) 150:482

Page 11 0of 11 482

(RRMM). Poster presented at: American Society of Clinical
Oncology (ASCO) annual meeting, Chicago, IL/Virtual, June
2-6,2023

Shin HJ, Kim K, Lee JJ, Song MK, Lee EY, Park SH et al (2015) The
t(11;14)(q13;q32) translocation as a poor prognostic parameter
for autologous stem cell transplantation in myeloma patients with
extramedullary plasmacytoma. Clin Lymphoma Myeloma Leuk
15(4):227-235. https://doi.org/10.1016/j.cIlm1.2014.12.007

Short KD, Rajkumar SV, Larson D, Buadi F, Hayman S, Dispenzieri
A et al (2011) Incidence of extramedullary disease in patients
with multiple myeloma in the era of novel therapy, and the activ-
ity of pomalidomide on extramedullary myeloma. Leukemia
25(6):906-908. https://doi.org/10.1038/leu.2011.29

Sneyd MJ, Gray AR, Morison IM (2021) Trends in survival from
myeloma, 1990-2015: a competing risks analysis. BMC Cancer
21(1):821. https://doi.org/10.1186/s12885-021-08544-7

Stewart AK, Rajkumar SV, Dimopoulos MA, Masszi T, Spi¢ka I, Oriol
A et al (2015) Carfilzomib, lenalidomide, and dexamethasone
for relapsed multiple myeloma. N Engl ] Med 372(2):142-152.
https://doi.org/10.1056/nejmoal411321

Touzeau C, Moreau P (2016) How 1 treat extramedullary
myeloma. Blood 127(8):971-976. https://doi.org/10.1182/
blood-2015-07-635383

Touzeau C, Bahlis N, Maisel C, Karlin L, Varshavsky-Yanovsky AN,
Leip E et al (2023) Efficacy and safety of elranatamab in patients
with high-risk relapsed/refractory multiple myeloma (RRMM):
a subgroup analysis from MagnetisMM-3. Poster presented at:
European Hematology Association (EHA) Congress, Frankfurt,
Germany, 8—11 June 2023

Usmani SZ, Heuck C, Mitchell A, Szymonifka J, Nair B, Hoering A et
al (2012) Extramedullary disease portends poor prognosis in mul-
tiple myeloma and is over-represented in high-risk disease even

in the era of novel agents. Haematologica 97(11):1761-1767.
https://doi.org/10.3324/haematol.2012.065698

Varettoni M, Corso A, Pica G, Mangiacavalli S, Pascutto C, Lazzarino
M (2010) Incidence, presenting features and outcome of extra-
medullary disease in multiple myeloma: a longitudinal study on
1003 consecutive patients. Ann Oncol off J Eur Soc Med Oncol
21(2):325-330. https://doi.org/10.1093/annonc/mdp329

Varga C, Xie W, Laubach J, Ghobrial IM, O’Donnell EK, Weinstock
M et al (2015) Development of extramedullary myeloma in the
era of novel agents: no evidence of increased risk with lenalido-
mide-bortezomib combinations. Br J Haematol 169(6):843-850.
https://doi.org/10.1111/bjh.13382

Weinstock M, Ghobrial IM (2013) Extramedullary multiple myeloma.
Leuk Lymphoma 54(6):1135-1141. https://doi.org/10.3109/1042
8194.2012.740562

Yin X, Tang L, Fan F, Jiang Q, Sun C, Hu'Y (2018) Allogeneic stem-
cell transplantation for multiple myeloma: a systematic review
and meta-analysis from 2007 to 2017. Cancer Cell Int 18:62.
https://doi.org/10.1186/s12935-018-0553-8

Zhao WH, Wang BY, Chen LJ, Fu WJ, Xu J, Liu J et al (2023) Four-
year follow-up of LCAR-B38M in relapsed or refractory multiple
myeloma: a phase 1, single-arm, open-label, multicenter study
in China (LEGEND-2). J Hematol Oncol 41(16):86. https://doi.
org/10.1186/s13045-022-01301-8

Zhou X, Fliichter P, Nickel K, Meckel K, Messerschmidt J, Bockle D
et al (2020) Carfilzomib based treatment strategies in the manage-
ment of relapsed/refractory multiple myeloma with extramedul-
lary disease. Cancers (Basel) 12(4):1035. https://doi.org/10.3390/
cancers12041035

Publisher’s note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.3324/haematol.2012.065698
https://doi.org/10.1093/annonc/mdp329
https://doi.org/10.1111/bjh.13382
https://doi.org/10.3109/10428194.2012.740562
https://doi.org/10.3109/10428194.2012.740562
https://doi.org/10.1186/s12935-018-0553-8
https://doi.org/10.1186/s13045-022-01301-8
https://doi.org/10.1186/s13045-022-01301-8
https://doi.org/10.3390/cancers12041035
https://doi.org/10.3390/cancers12041035
https://doi.org/10.1016/j.clml.2014.12.007
https://doi.org/10.1038/leu.2011.29
https://doi.org/10.1186/s12885-021-08544-7
https://doi.org/10.1056/nejmoa1411321
https://doi.org/10.1182/blood-2015-07-635383
https://doi.org/10.1182/blood-2015-07-635383

	﻿Challenges in the treatment of soft-tissue plasmacytoma: a retrospective analysis of 120 patients with extramedullary multiple myeloma
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Definitions
	﻿Study design and patients
	﻿Data collection
	﻿Outcome measurements
	﻿Statistical analysis

	﻿Results
	﻿Characteristics of the patients
	﻿Treatment
	﻿Outcome
	﻿Prognostic factors

	﻿Discussion
	﻿References


