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Abstract: In multiple myeloma (MM), malignant plasma cells infiltrate the bone marrow. In some
cases, plasma cells migrate out of the bone marrow creating either para-skeletal plasmacytomas (PS) or
infiltrating soft tissues as extramedullary plasmacytomas (EMD). The aim of this study was to define
risk groups in newly diagnosed MM (NDMM) patients with PS and EMD plasmacytomas. In total,
523 NDMM patients with PS plasmacytomas and 196 NDMM patients with EMD plasmacytomas
were diagnosed in the Czech Republic between 2004 and 2021 using modern imaging methods.
Patients’ data were analyzed from the Registry of Monoclonal Gammopathies of the Czech Myeloma
Group. In NDMM patients with PS plasmacytomas, we found a subgroup with <5% of bone-
marrow plasma cells to have the best prognosis (mPFS: 58.3 months (95% CI: 33.0–NA); mOS: not
reached). The subgroup with >5% of bone-marrow plasma cells and ≥3 plasmacytomas had the worst
prognosis (mPFS: 19.3 months (95% CI: 13.4–28.8), p < 0.001; mOS: 27.9 months (95% CI: 19.3–67.8),
p < 0.001). Our results show association between tumor burden and prognosis of NDMM patients
with plasmacytomas. In the case of PS plasmacytomas, NDMM patients with low BM PC infiltration
have an excellent prognosis.

Keywords: multiple myeloma; risk factors; survival; plasmacytomas

1. Introduction

Multiple myeloma (MM) is the second-most-common hematologic malignancy; in Eu-
rope, the average incidence is 5/100,000 [1,2]. In the last decade, MM has slowly become a
chronic disease due to novel agents such as proteasome inhibitors (PI), immunomodulatory
drugs (IMIDs), and monoclonal antibodies [3–6].

MM is characterized by infiltration of the bone marrow (BM) by malignant plasma cells
(PCs). In some cases, these PCs migrate out of the BM creating two types of plasmacytomas:
paraskeletal lesions (tumors arising directly from the bone lesion; PS plasmacytomas) or

Biomedicines 2022, 10, 2535. https://doi.org/10.3390/biomedicines10102535 https://www.mdpi.com/journal/biomedicines

https://doi.org/10.3390/biomedicines10102535
https://doi.org/10.3390/biomedicines10102535
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/biomedicines
https://www.mdpi.com
https://orcid.org/0000-0002-7072-8537
https://orcid.org/0000-0002-7194-6771
https://orcid.org/0000-0002-5467-9253
https://orcid.org/0000-0003-0513-326X
https://orcid.org/0000-0003-4517-8200
https://doi.org/10.3390/biomedicines10102535
https://www.mdpi.com/journal/biomedicines
https://www.mdpi.com/article/10.3390/biomedicines10102535?type=check_update&version=2


Biomedicines 2022, 10, 2535 2 of 15

extramedullary lesions (tumors infiltrating soft tissues; EMD plasmacytomas) possibly
due to changes in adhesion molecules as well as rising independence of the BM [7–9].
Historically, plasmacytomas in MM were considered a high-risk feature [10]. In later
analyses, EMD subsets of patients were shown to have the worst prognosis, while PS
plasmacytomas had somehow better prognosis [11–13].

These plasmacytomas can be found in both newly diagnosed MM (NDMM) patients
(2.4–11.5% of cases) [14–16] and in relapsed/refractory MM (RRMM) patients (3.4–27.4%
of cases) [12,16–18]. The range of plasmacytoma incidence is predominantly caused by
the different sensitivities of the imaging methods used [12–18], while historical meth-
ods, such as skeletal survey, have only a limited sensitivity for detection of PS or EMD
plasmacytomas [7–9].

Although the appearance of plasmacytomas is generally associated with impaired
prognosis, there are some treatment results of NDMM with plasmacytomas that are compa-
rable to those of NDMM patients with strictly intra-medullar disease [14,19,20]. However,
as we have previously described, development of plasmacytomas in RRMM patients is
associated with extremely poor prognosis [12,18]. We believe that aggressivity of plasmacy-
tomas in RRMM patients is likely due to disease-related factors. Molecular mechanisms of
plasmacytoma development and expansion are still unclear, but especially in plasmacy-
tomas of RRMM patients, mutations associated with poor prognosis (TP53, K-RAS, N-RAS,
RB1, etc.), were often found. Similarly, the lack of adhesion molecules was found on PCs
in plasmacytomas [7–9]. We have previously described NDMM patients with early pro-
gression with plasmacytomas. These patients had an aggressive disease course from the
disease onset, together with gain (1q21) [18].

In this study, we evaluated clinical and laboratory data of one of the largest cohorts of
NDMM patients with plasmacytomas to analyze their outcomes in real-life clinical practice
conditions and to identify possible risk-groups.

2. Materials and Methods
2.1. Patient’ Selection

This multicentric real-life retrospective study was carried out in major hematologic
centers in the Czech Republic between 2004 and 2021. For the data search of NDMM with
plasmacytomas, the Registry of Monoclonal Gammopathies (RMG) of the Czech Myeloma
Group was used. In total, 7123 NDMM patients fulfilling International Myeloma Working
Group (IMWG) diagnostic criteria for MM were evaluated. We excluded all patients treated
only with conventional chemotherapy or diagnosed only by skeletal survey; 523 NDMM
patients with PS plasmacytomas, 196 NDMM patients with EMD plasmacytomas, and 2440
reference NDMM patients with clear absence of plasmacytoma (proven by high-sensitivity
imaging methods) were identified. Of the enrolled patients with BM PCs <10% fulfilled
MM diagnostic criteria with plasmacytoma/bone lesion tissue histology together with
CRAB (i.e., osteolytic lesions, hypercalcemia etc.), or myeloma-defining events according
to IMWG criteria. Patients with other plasma-cell dyscrasias (i.e., solitary plasmacytoma
or solitary plasmacytoma with minimal marrow involvement) were not enrolled into the
study. All participants provided written informed consent approved by institutional ethics
boards in accordance with the latest Helsinki declaration.

2.2. Imaging Methods

The entire study cohort was evaluated for the presence of plasmacytomas by mod-
ern imaging methods—computed tomography (CT), focused/whole body magnetic reso-
nance imaging (MRI/WB-MRI), or positron-emission tomography/computed tomography
(PET/CT) [21]. Multiple diagnostic methods were performed on patients when clinically
needed. If there was a clinical need and when safe for the patient, plasmacytomas were
confirmed by surgical sampling.



Biomedicines 2022, 10, 2535 3 of 15

2.3. Bone-Marrow Assessment

Bone-marrow samples were evaluated at the time of NDMM diagnosis. The number
of BM PCs was evaluated by cytology, the clonality of BM PCs was evaluated by flow-
cytometry, and interphase fluorescent in-situ hybridization (I-FISH) analyses of commonly
found aberrations was performed on separated PCs as previously described [22].

2.4. Response Assessment and Survival Intervals

Treatment response was assessed according to the current International Myeloma
Working Group (IMWG) criteria [23]. Survival intervals (progression-free survival, PFS
and overall survival, OS) were assessed from the NDMM diagnosis.

2.5. Statistics

Data were described by absolute and relative frequencies of categorical variables
and median with 5th–95th percentile range for quantitative variables. Fisher’s exact test
was used to evaluate the association of selected features. The differences in survival (OS
and PFS) among individual patient groups were assessed by the Kaplan–Meier method,
and the statistical significance of differences in survival was evaluated using the log-rank
test. The univariable Cox proportional-hazards model was used to quantify the effect of
individual clinical features on the survival measures. The independence of selected features
as prognostic survival factors was tested in the multivariable Cox proportional-hazards
model in the context of R-ISS (Revised International Staging System). Statistical significance
of hazard ratios (HR) was assessed by means of the Wald test. The cut-off for BM PCs was
defined as the value where multivariable Cox regression adjusted to ISS showed highest
HR and significance for OS and PFS, and the numbers of patients in the resulting groups
was still sufficient. All statistical tests were performed at a significance level of α = 0.05
(all tests two-sided). Analysis was performed in the SPSS software (IBM Corp. Released
2017. IBM SPSS Statistics for Windows, Version 25.0.0.1 Armonk, NY, USA: IBM Corp.) and
software R version 4.0.1. (www.r-project.org) [24].

3. Results
3.1. Clinical Characteristics of Patients

Altogether, 523 NDMM patients with PS plasmacytomas, 196 NDMM patients with
EMD plasmacytomas, and 2440 reference NDMM patients were included into this study.

Median follow-up from diagnosis was 25.5 months (range 0.8–115.3 months) in the PS
subgroup, 20.8 months (range 1.1–95.0 months) in the EMD subgroup, and 31.2 months
(range 1.2–108.1 months) in reference patients. Clinical characteristics are summarized in
Supplementary Table S1.

NDMM patients with PS and EMD plasmacytomas more frequently had lower BM
PC infiltration (<10%) than reference patients (43.8% vs. 47.6% vs. 22.2%; p < 0.001).
Correspondingly, these patients more frequently had a lower ratio of clonal BM PCs (<95%
from all BM PCs) when compared to reference patients (32.2% vs. 38.7% vs 19.3%; p < 0.001).

In the PS subgroup, plasmacytomas were found by CT in 72.2% (380/523) of patients,
by WB-MRI in 7.8% (41/523) of patients, by focused MRI in 38.4% (201/523) of patients,
and by PET/CT in 31.0% (162/523) of patients. In 65.6% (343/523) of cases, only one
plasmacytoma was found; in 9.8% (51/523) of patients two plasmacytomas were found,
and in 12.6% (66/523), three and more plasmacytomas were found. In 12.0% (63/523) of
patients, plasmacytoma count was missing.

In the EMD subgroup, plasmacytomas were found by CT in 64.3% (126/196) of
patients, by WB-MRI in 12.7% (25/196) of patients, by focused MRI in 16.8% (33/196) of
patients, and by PET/CT in 32.1% (63/196) of patients. In 68.8% (135/196) of cases, only
one plasmacytoma was found; in 11.7% (23/196) of patients two plasmacytomas were
found, and in 18.4% (36/196), three and more plasmacytomas were found. In 0.1% (2/196)
of patients, plasmacytoma count was missing.

www.r-project.org
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We also analyzed i-FISH data of all three subgroups of patients. Statistically significant
differences between these groups of patients were not found.

3.2. Treatment of PS and EMD Subgroups of Patients after NDMM Diagnosis

In the PS subgroup, 82.6% (432/523) of patients were treated with PI, 57.2% (299/523)
with IMIDs, 2.7% (14/523) with anti-CD38 monoclonal antibodies (daratumumab or isat-
uximab), and 35.6% (186/523) underwent high-dose chemotherapy followed by ASCT.
Radiotherapy of plasmacytomas was administered in 31.7% (166/523) of these patients.

Similarly, in the EMD subgroup, 84.7% (166/196) of patients were treated with PI,
55.1% (108/196) with IMIDs, 2.0% (4/196) with anti-CD38 monoclonal antibodies (daratu-
mumab or isatuximab), and 33.7% (66/196) underwent high-dose chemotherapy followed
by ASCT. Radiotherapy of plasmacytomas was administered in 35.2% (69/196) of these pa-
tients.

Median PFS in the PS subgroup of patients was 25.8 months (95% CI: 22.7–28.6) which
was significantly longer than in the EMD subgroup (17.9 months (95% CI: 15.0–22.3),
p = 0.033), and longer than for the reference patients; however, statistical significance was
not reached (23.3 months (95% CI: 22.5–24.8), p = 0.220).

Median OS in the PS subgroup was longer than for the EMD subgroup or reference
patients but did not reach statistical significance (59.4 months (95% CI: 48.1–73.3) vs. 43.8
months (95% CI: 34.9–61.5) vs. 55.0 months (95% CI: 51.6–58.9), p = 0.229).

Treatment modalities and results including survival intervals are summarized in
Figure 1 and Supplementary Table S2.
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3.3. High-Risk Features in PS Subgroup of Patients

By univariable analysis, we found high R-ISS stage (R-ISS III) (HR 2.13 (95% CI: 1.24–
3.66), p = 0.006), BM PC infiltration >5% (HR 2.38 (95 % CI: 1.67–3.39), p < 0.001), a higher
ratio of clonal BM PCs (≥95% from all BM PCs) (HR 1.59 (95% CI: 1.08–2.32), p = 0.018),
and higher LDH levels (>300 IU/L) (HR 2.50 (95 % CI: 1.76–3.56), p < 0.001) as statistically
significant risk factors for inferior PFS in these patients. All these prognostic factors were
also associated with inferior OS. Negative prognostic impact of BM PC infiltration >5%
was more pronounced, when combined with higher PS plasmacytoma count (>5% BM PCs
and ≥3 plasmacytomas) (PFS: HR 3.17 (95% CI: 1.93–5.20), p < 0.001; OS: HR 4.86 (95% CI:
2.69–8.80), p < 0.001).

According to i-FISH analysis, gain(1q21) was found to be a risk factor for inferior PFS
(HR 1.67 (95 % CI: 1.20–2.33), p = 0.003). Moreover, t(4;14) (HR 1.87 (95 % CI: 1.14–3.05),
p = 0.013), and del(17p13) (HR 1.74 (95 % CI: 1.09–2.78), p = 0.020) were found as risk
factors for inferior PFS. Del(17p13) and t(4;14) were also associated with inferior OS. Other
cytogenetic aberrations were not associated with adverse prognosis. Results of univariable
analysis of risk factors in these patients are shown in Table 1.

Table 1. Association of clinical features with OS and PFS in NDMM patients with PS plasmacytomas.

Univariable Analysis
Overall Survival (OS) Progression-Free Survival (PFS)

HR (95% CI) 1 p HR (95% CI) 1 p
ISS

Stage I – – – –
Stage II 2.01 (1.46–2.75) <0.001 1.87 (1.41–2.48) <0.001
Stage III 2.24 (1.60–3.13) <0.001 2.30 (1.71–3.10) <0.001

R-ISS
Stage I – – – –
Stage II 3.00 (1.40–6.42) 0.005 1.73 (1.04–2.88) 0.035
Stage III 4.78 (2.20–10.38) <0.001 2.13 (1.24–3.66) 0.006

Serum M-protein level (g/dL)
≤2 – – – –
>2 1.20 (0.92–1.55) 0.180 1.25 (0.98–1.58) 0.068

BM PCs %
<5% – – – –
≥5% 3.12 (1.95–5.00) <0.001 2.38 (1.67–3.39) <0.001

Plasmacytoma count
1–2 plasmacytomas – – – –
≥3 plasmacytomas 1.75 (1.20–2.55) 0.003 1.39 (0.97–1.99) 0.073

Tumor burden
BM PCs < 5% and 1 and more

plasmacytoma – – – –

BM PCs ≥ 5% and 1–2
plasmacytomas 3.01 (1.82–4.97) <0.001 2.47 (1.68–3.62) <0.001

BM PC ≥ 5% and 3 and more
plasmacytomas 4.86 (2.69–8.80) <0.001 3.17 (1.93–5.20) <0.001

Clonal PCs from all BM PC (%)
<95% – – – –
≥95% 2.01 (1.20–3.36) 0.008 1.59 (1.08–2.32) 0.018

Osteolytic lesions
negative – – – –
1 lesion 1.10 (0.15–8.21) 0.925 0.52 (0.12–2.21) 0.375
2 lesions 1.33 (0.18–9.98) 0.779 0.90 (0.21–3.80) 0.882
≥3 lesions 1.36 (0.19–9.73) 0.758 0.89 (0.22–3.57) 0.866

Accelerated osteoporosis 0.54 (0.03–8.62) 0.662 0.57 (0.08–4.02) 0.569
LDH (IU/L)

>300 2.52 (1.74–3.67) <0.001 2.50 (1.76–3.56) <0.001
IGH disruption

Positive 1.18 (0.81–1.71) 0.385 1.16 (0.84–1.61) 0.378
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Table 1. Cont.

Univariable Analysis
Overall Survival (OS) Progression-Free Survival (PFS)

HR (95% CI) 1 p HR (95% CI) 1 p
t(11;14)
Positive 1.39 (0.79–2.45) 0.258 1.03 (0.59–1.81) 0.913
t(4;14)

Positive 2.37 (1.41–3.98) 0.001 1.87 (1.14–3.05) 0.013
Del(13)(q14)/monosomy 13

Positive 1.44 (0.99–2.10) 0.059 1.12 (0.80–1.55) 0.516
Gain(1q21)

Positive 1.32 (0.90–1.93) 0.157 1.67 (1.20–2.33) 0.003
Del(17p13)

Positive 2.17 (1.32–3.56) 0.002 1.74 (1.09–2.78) 0.020
Hyperdiploidy

Positive 0.64 (0.41–0.99) 0.045 0.79 (0.54–1.16) 0.227
1 Hazard ratio (HR) from univariable Cox’s proportional hazard model. Abbreviations: ISS, International
Staging System; R-ISS, Revised-ISS; BM PCs, bone-marrow plasma cells; LDH, lactate dehydrogenase; IGH,
immunoglobulin heavy chain.

By multivariable analysis adjusted for R-ISS stage, presence of PS plasmacytomas was
not found as a risk factor for inferior PFS (HR 1.10 (95 % CI: 0.90–1.36), p = 0.343) and OS
(HR 1.10 (95 % CI: 0.87–1.39), p = 0.431).

3.4. High-Risk Features in EMD Subgroup of Patients

By univariable analysis, we found high R-ISS stage (R-ISS III) (HR 5.03 (95% CI: 2.21–
11.48), p < 0.001), ≥3 EMD plasmacytomas (HR 1.88 (95 % CI: 1.18–2.98), p = 0.008), and
higher LDH levels (>300 IU/L) (HR 1.88 (95 % CI: 1.03–3.43), p = 0.041) as statistically
significant risk factors for inferior PFS in these patients. All these prognostic factors were
also associated with inferior OS. Interestingly, BM PC infiltration (>5%) or ratio of clonal
BM PCs (>95%) had no prognostic impact.

According to i-FISH analysis, gain(1q21) (HR 1.82 (95 % CI: 1.11–2.99), p = 0.019) and
del(17p13) (HR 2.96 (95 % CI: 1.46–6.00), p = 0.003) were found to be risk factors for inferior
PFS as well as inferior OS. Results of univariable analysis of risk factors in these patients
are summarized in Table 2.

Table 2. Association of clinical features with OS and PFS in NDMM patients with EMD plasmacytomas.

Univariable Analysis

Overall Survival (OS) Progression-Free Survival (PFS)

HR (95% CI) 1 p HR (95% CI) 1 p
ISS

Stage I – – – –
Stage II 1.49 (0.87–2.56) 0.151 1.48 (0.93–2.37) 0.102
Stage III 3.21 (1.94–5.31) <0.001 2.49 (1.60–3.89) <0.001

R-ISS
Stage I – – – –
Stage II 1.77 (0.63–4.93) 0.276 2.07 (0.93–4.63) 0.075
Stage III 5.64 (2.08–15.26) 0.001 5.03 (2.21–11.48) <0.001

Serum M-protein level (g/dL)
>2 1.13 (0.75–1.71) 0.565 1.34 (0.93–1.94) 0.122

BM PCs %
<5% – – – –
≥5% 1.30 (0.76–2.20) 0.338 1.56 (0.97–2.52) 0.066
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Table 2. Cont.

Univariable Analysis

Overall Survival (OS) Progression-Free Survival (PFS)

HR (95% CI) 1 p HR (95% CI) 1 p
Plasmacytoma count

1–2 lesions – – – –
≥3 lesions 2.00 (1.21–3.30) 0.007 1.88 (1.18–2.98) 0.008

Clonal PCs from all BM PC (%)
≥95% 1.36 (0.72–2.59) 0.346 1.41 (0.83–2.39) 0.210

Osteolytic lesions
Negative – – – –
1 lesion 0.33 (0.11–1.03) 0.055 0.56 (0.16–2.04) 0.382
2 lesions 0.26 (0.07–0.90) 0.033 0.45 (0.12–1.70) 0.236
≥3 lesions 0.49 (0.20–1.21) 0.122 0.65 (0.20–2.06) 0.461

Accelerated osteoporosis 0.39 (0.09–1.62) 0.194 0.52 (0.12–2.19) 0.372
LDH (IU/L)

> 300 2.29 (1.20–4.38) 0.012 1.88 (1.03–3.43) 0.041
IGH disruption

Positive 1.19 (0.67–2.12) 0.557 1.14 (0.69–1.89) 0.612
t(11;14)
Positive 1.01 (0.31–3.33) 0.988 0.57 (0.14–2.37) 0.441
t(4;14)

Positive 0.77 (0.33–1.78) 0.542 1.55 (0.80–2.99) 0.191
Del(13)(q14)/monosomy 13

Positive 1.06 (0.59–1.90) 0.851 1.53 (0.94–2.49) 0.087
Gain(1q21)

Positive 1.86 (1.06–3.27) 0.031 1.82 (1.11–2.99) 0.019
Del(17p13)

Positive 2.62 (1.21–5.67) 0.014 2.96 (1.46–6.00) 0.003
Hyperdiploidy

Positive 1.06 (0.55–2.02) 0.867 1.18 (0.65–2.15) 0.593
1 Hazard ratio (HR) from univariable Cox’s proportional hazard model. Abbreviations: ISS, International
Staging System; R-ISS, Revised-ISS; BM PCs, bone marrow plasma cells; LDH, lactate dehydrogenase; IGH,
immunoglobulin heavy chain.

By multivariable analysis adjusted for R-ISS, presence of EMD plasmacytomas was
found as a risk factor for inferior PFS (HR 1.70 (95 % CI: 1.29–2.26), p < 0.001) and OS (HR
1.38 (95 % CI: 1.01–1.90), p = 0.046).

3.5. Heterogeneity in PS and EMD Subgroups of Patients

In addition to generally accepted prognostic markers, such as the ISS and R-ISS stage,
we found intra- and/or extramedullary tumor burden to be an important prognostic
indicator of both subgroups of plasmacytomas.

In the PS subgroup, we found <5% of BM PCs (regardless of plasmacytoma count) to
have the best prognosis (mPFS: 58.3 months (95% CI: 33.0–NA), p < 0.001; mOS: not reached).
These patients had more frequent low ISS stage (ISS I), low monoclonal immunoglobulin
secretory activity, lower ratio of clonal BM PCs (<95% from all BM PCs), intact IgH gene,
and relatively low plasmacytoma count.

On the other hand, >5% of BM PCs together with 1–2 plasmacytomas had inferior
prognosis (mPFS: 23.7 months, (95% CI: 20.1–27.2) p < 0.001; mOS: 49.1 months (95% CI:
39.8–68.0), p < 0.001); >5% of BM PCs together with ≥3 plasmacytomas had the worst
prognosis (mPFS: 19.3 months (95% CI: 13.4–28.8), p <0.001; mOS: 27.9 months (95% CI:
19.3–67.8), p < 0.001). In these patients, high ISS (ISS III), high monoclonal immunoglobulin
secretory activity, higher ratio of clonal BM PCs (≥95% from all BM PCs), higher count
of bone osteolytic lesion (≥3 lesions), and higher frequency of IgH translocations were
present. Characteristics and survival intervals of these three cohorts of PS subgroup are
shown in Figure 2 and Table 3.
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Table 3. Descriptive characteristics according to tumor burden in NDMM patients with PS plasmacy-
tomas.

Characteristics 1
BM PCs < 5% and

1 or More Plasmacytomas
(n = 91)

BM PCs ≥ 5% and
1–2 Plasmacytomas

(n = 302)

BM PCs ≥ 5% and
≥3 Plasmacytomas

(n = 58)
p-Value 2

ISS n = 91 n = 298 n = 58
Stage I 63 (69.2%) 113 (37.9%) 17 (29.3%)

<0.001Stage II 16 (17.6%) 103 (34.6%) 17 (29.3%)
Stage III 12 (13.2%) 82 (27.5%) 24 (41.4%)

R-ISS n = 18 n = 120 n = 38
Stage I 7 (38.9%) 25 (20.8%) 4 (10.5%)

0.195Stage II 7 (38.9%) 63 (52.5%) 21 (55.3%)
Stage III 4 (22.2%) 32 (26.7%) 13 (34.2%)

Serum M-protein level (g/dL) n = 91 n = 302 n = 58
≤2 66 (72.5%) 145 (48.0%) 26 (44.8%)

<0.001>2 25 (27.5%) 157 (52.0%) 32 (55.2%)
Plasmacytoma count n = 91 n = 302 n = 58

1 plasmacytoma 73 (80.2%) 263 (87.1%) -

<0.001
2 plasmacytomas 12 (13.2%) 39 (12.9%) -
3 plasmacytomas 1 (1.1%) - 16 (27.6%)

>3 plasmacytomas 5 (5.5%) - 42 (72.4%)
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Table 3. Cont.

Characteristics 1
BM PCs < 5% and

1 or More Plasmacytomas
(n = 91)

BM PCs ≥ 5% and
1–2 Plasmacytomas

(n = 302)

BM PCs ≥ 5% and
≥3 Plasmacytomas

(n = 58)
p-Value 2

Clonal PCs from all BM PC (%) n = 57 n = 159 n = 25
<95% 38 (66.7%) 37 (23.3%) 1 (4.0%)

<0.001≥95% 19 (33.3%) 122 (76.7%) 24 (96.0%)
Osteolytic lesions n = 91 n = 302 n = 58

Negative 0 (0.0%) 2 (0.7%) 0 (0.0%)

<0.001
1 lesion 17 (18.7%) 32 (10.6%) 0 (0.0%)
2 lesions 3 (3.3%) 28 (9.3%) 0 (0.0%)
≥3 lesions 70 (76.9%) 238 (78.8%) 58 (100.0%)

Accelerated osteoporosis 1 (1.1%) 2 (0.7%) 0 (0.0%)
LDH (IU/L) n = 91 n = 296 n = 58

≤300 84 (92.3%) 271 (91.6%) 53 (91.4%)
1.000>300 7 (7.7%) 25 (8.4%) 5 (8.6%)

IGH disruption n = 24 n = 183 n = 37
Negative 22 (91.7%) 106 (57.9%) 18 (48.6%)

0.001Positive 2 (8.3%) 77 (42.1%) 19 (51.4%)
t(11;14) n = 23 n = 156 n = 32

Negative 22 (95.7%) 135 (86.5%) 25 (78.1%)
0.195Positive 1 (4.3%) 21 (13.5%) 7 (21.9%)

t(4;14) n = 25 n = 161 n = 34
Negative 25 (100.0%) 145 (90.1%) 29 (85.3%)

0.119Positive 0 (0.0%) 16 (9.9%) 5 (14.7%)
Del(13)(q14)/monosomy 13 n = 24 n = 183 n = 36

Negative 14 (58.3%) 100 (54.6%) 20 (55.6%)
0.975Positive 10 (41.7%) 83 (45.4%) 16 (44.4%)

Gain(1q21) n = 24 n = 176 n = 38
Negative 17 (70.8%) 111 (63.1%) 19 (50.0%)

0.203Positive 7 (29.2%) 65 (36.9%) 19 (50.0%)
Del(17p13) n = 24 n = 165 n = 35
Negative 24 (100.0%) 146 (88.5%) 30 (85.7%)

0.141Positive 0 (0.0%) 19 (11.5%) 5 (14.3%)
Hyperdiploidy n = 20 n = 129 n = 36

Negative 12 (60.0%) 75 (58.1%) 20 (55.6%)
0.945Positive 8 (40.0%) 54 (41.9%) 16 (44.4%)

1 Described by absolute and relative frequencies for categorical variables and median (5th–95th percentile) for
continuous variables. 2 p-value of Fisher’s exact test for categorical variables or Kruskal–Wallis test for continuous
variables. Abbreviations: ISS, International Staging System; R-ISS, Revised-ISS; BM PCs, bone marrow plasma
cells; LDH, lactate dehydrogenase; IGH, immunoglobulin heavy chain.

In the EMD subgroup with 1–2 EMD plasmacytomas, median PFS was 20.9 months
(95% CI: 16.2–24.6) and median OS was 50.9 months (95% CI: 36.3–89.0). If ≥3 plasma-
cytomas were present, prognosis was significantly worse (median PFS 11.1 months (95%
CI: 7.0–16.3), and median OS 16.9 months (95% CI: 9.1–NA)). Interestingly, there was no
significant differences in ISS or R-ISS stage, BM PCs count, osteolytic lesions, cytogenetics,
etc., between these cohorts of patients. Characteristics and survival intervals in the EMD
subgroups of patients are shown in Figure 3 and Table 4.
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Figure 3. (A) PFS from 1st line—by plasmacytoma count in NDMM patients with EMD plasmacy-
tomas. (B) OS from 1st line—by plasmacytoma count in NDMM patients with EMD plasmacytomas.

Table 4. Descriptive characteristics according to plasmacytoma count in NDMM patients with EMD
plasmacytomas.

Characteristics 1
1–2 EMD

Plasmacytomas
(n = 158)

≥3 EMD
Plasmacytomas

(n = 36)
p-Value 2

ISS n = 156 n = 36
Stage I 68 (43.6%) 11 (30.6%)

0.189Stage II 43 (27.6%) 9 (25.0%)
Stage III 45 (28.8%) 16 (44.4%)

R-ISS n = 65 n = 21
Stage I 17 (26.2%) 3 (14.3%)

0.173Stage II 26 (40.0%) 6 (28.6%)
Stage III 22 (33.8%) 12 (57.1%)

Serum M-protein level (g/dL) n = 158 n = 36
≤ 2 81 (51.3%) 18 (50.0%)

1.000> 2 77 (48.7%) 18 (50.0%)
Clonal PCs from all BM PCs (%) n = 95 n = 15

<95% 37 (38.9%) 6 (40.0%)
1.000≥95% 58 (61.1%) 9 (60.0%)
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Table 4. Cont.

Characteristics 1
1–2 EMD

Plasmacytomas
(n = 158)

≥3 EMD
Plasmacytomas

(n = 36)
p-Value 2

BM PCs % n = 152 n = 33
<5% 38 (25.0%) 9 (27.3%)

0.826≥5% 114 (75.0%) 24 (72.7%)
Osteolytic lesions n = 156 n = 36

Negative 6 (3.8%) 0 (0.0%)

0.115
1 lesion 18 (11.5%) 2 (5.6%)
2 lesions 15 (9.6%) 0 (0.0%)
≥3 lesions 110 (70.5%) 32 (88.9%)

Accelerated osteoporosis 7 (4.5%) 2 (5.6%)
LDH (IU/L) n = 158 n = 36

≤ 300 146 (92.4%) 31 (86.1%)
0.322> 300 12 (7.6%) 5 (13.9%)

IGH disruption n = 88 n = 17
Negative 58 (65.9%) 9 (52.9%)

0.409Positive 30 (34.1%) 8 (47.1%)
t(11;14) n = 72 n = 14

Negative 67 (93.1%) 12 (85.7%)
0.319Positive 5 (6.9%) 2 (14.3%)

t(4;14) n = 86 n = 17
Negative 76 (88.4%) 16 (94.1%)

0.686Positive 10 (11.6%) 1 (5.9%)
Del(13)(q14)/monosomy 13 n = 89 n = 17

Negative 53 (59.6%) 11 (64.7%)
0.791Positive 36 (40.4%) 6 (35.3%)

Gain(1q21) n = 88 n = 17
Negative 51 (58.0%) 7 (41.2%)

0.287Positive 37 (42.0%) 10 (58.8%)
del(17p13) n = 86 n = 15
Negative 72 (83.7%) 11 (73.3%)

0.462Positive 14 (16.3%) 4 (26.7%)
Hyperdiploidy n = 61 n = 14

Negative 30 (49.2%) 5 (35.7%)
0.393Positive 31 (50.8%) 9 (64.3%)

1 Described by absolute and relative frequencies for categorical variables and median (5th–95th percentile) for
continuous variables. 2 p-value of Fisher’s exact test for categorical variables or Kruskal–Wallis test for continuous
variables. Abbreviations: ISS (International Staging System), R-ISS (Revised-ISS) BM PCs (bone marrow plasma
cells), LDH (lactate dehydrogenase), IGH (immunoglobulin heavy chain).

4. Discussion

In the last decade, MM has gradually become a more manageable disease. Modern
induction-treatment protocols lead to deeper responses and longer remissions in most
NDMM patients [25–28]. Moreover, even treatment results of NDMM patients with plas-
macytomas have improved when compared to historical data [13,14,19,20,29].

In this work, we analyzed NDMM patients with both paraskeletal and extramedullary
plasmacytomas. As treatment regimens based on conventional chemotherapy are more
than two decades obsolete in NDMM treatment [30], we censored historical patients treated
with this approach from our analysis, with the aim of understanding the prognostic impact
of plasmacytomas found in NDMM patients in real-life treatment scenarios. Similarly, as
discussed above, we censored NDMM patients evaluated without high-sensitive imaging
methods, such as CT, MRI, WB-MRI, or PET/CT.

In light of modern real-life treatment, we found NDMM patients with PS and EMD
plasmacytomas to have comparable initial treatment results to those of NDMM patients
without plasmacytomas (median PFS: 25.8 and 17.9 vs. 23.3 months; p = NS). Similarly to our
analysis, in a study of NDMM with mostly PS plasmacytomas, predominantly IMID-based
regimens lead to treatment results comparable to NDMM patients without plasmacytomas
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(median PFS: 25.3 months vs. 25.2 months; p = 0.46) [14]. In another analysis of NDMM
patients treated with bortezomib-based induction, patients with single PS plasmacytoma
had comparable treatment results to NDMM patients without any plasmacytomas (median
PFS: 34.6 months vs. 38.1 months; p = 0.662). These results were improved with ASCT
(median PFS: 46.0 months vs. 15.3 months; p = 0.073), but only 16% of patients with
plasmacytomas in this study underwent ASCT [20]. Tandem ASCT did not show significant
benefit in NDMM patients with plasmacytomas when compared to single ASCT [19] but
may somehow have improved the inferior outcome of NDMM patients with plasmacytomas
with high-risk cytogenetic aberrations [31]. Taken together, real-life induction protocols
containing PIs, IMIDs and, in eligible patients, high-dose chemotherapy followed by ASCT,
could change the outcome of NDMM patients with PS plasmacytomas.

Unfortunately, even our real-life dataset did not have many patients treated with
anti-CD38 antibodies. While there is a lack of data about activity of anti-CD38 antibodies in
the NDMM patients with plasmacytomas, data from RRMM patients with plasmacytomas
are not promising [19,32].

In recently published papers, heterogeneity of MM patients with plasmacytomas is
evident [7,8]. Moreover, this heterogeneity is strongly reflected in patients’ prognosis. It
is obvious that the clinical course of NDMM patients with plasmacytomas and RRMM
patients with plasmacytomas is dramatically different [12,14,18,19].

Further, there is a difference in clinical characteristics and prognosis between patients
with EMD and PS plasmacytomas [7,8]. In accord with recent papers [7,8,33], our clinical and
research groups have long considered PS and EMD plasmacytomas as very different entities
in both NDMM and RRMM patients. Thus, we have studied them separately [9,12,18,34].
However, other groups describe all plasmacytomas outside of BM environment as one unit
often making comparisons impossible [13,28,35].

The robust size of our dataset provides deeper insight, surprisingly revealing a signif-
icant heterogeneity even within subgroups of patients with PS or EMD plasmacytomas.
This heterogeneity was reflected in far different prognoses.

In our study, the subgroup with PS plasmacytomas with very low BM PC (<5%) infil-
tration had surprisingly good prognosis; we found significantly more patients with clinical
features associated with better prognosis, such as low ISS stage and lower proportion of
clonal PCs in BM, called MGUS-like phenotype. MGUS-like phenotype is associated with
an indolent clinical course and long survival [36]. in addition to low intramedullary tumor
burden, plasmacytoma count was also low.

On the other hand, patients with higher BM PC infiltration together with increasing
plasmacytoma count had worse prognosis. More patients with unfavorable characteristics
were present, together with a higher frequency of numerous osteolytic lesions and higher
paraprotein secretory activity. Our findings are supported by recent analyses, showing
the negative prognostic impact of BM infiltration (cut-off >30% BM PCs) together with
multiple plasmacytomas [20]. Similarly to other analyses, multiple PS plasmacytomas were
also connected with inferior prognosis [11,14].

The most important result of our analysis was the prognostic impact of EMD plasmacy-
tomas in NDMM patients. Generally, the presence of EMD plasmacytoma is a strong negative
prognostic factor in MM patients, more pronounced in RRMM patients [11–13,16,18,19,35].
Interestingly, beside long-known prognostic indicators, such as ISS and R-ISS stage, we found
EMD plasmacytoma count to be a strong biomarker of worse prognosis. The subgroup of our
patients with numerous EMD plasmacytomas had dismal prognosis, with median overall
survival near 17 months. On the other hand, we showed that in NDMM patients with a
low number (1–2) of EMD plasmacytomas, treatment results were somehow comparable
with NDMM patient without plasmacytoma presence (median PFS: 20.9 months vs. 23.3
months, median OS: 50.9 months vs. 55.0 months). Our results highlight the importance of
high-sensitive imaging methods especially in patients with EMD plasmacytomas. According
to the high prognostic impact of EMD plasmacytoma count, we recommend whole-body
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methods, such as PET/CT or WB-MRI in the standard diagnostic workup of NDMM patients
with plasmacytomas [21].

These findings are in strict contrast with the dismal effect of EMD presence in RRMM
patients [12,18,19] but, to the best of our knowledge, we have described the largest so-
far published cohort of NDMM patients with EMD plasmacytomas detected by modern
diagnostic methods and treated in real-life scenarios. Our findings are supported by
another analysis of transplant-eligible NDMM patients where EMD patients with localized
plasmacytoma involvement had a comparable 3-year PFS to that of NDMM patients without
plasmacytomas (HR 1.03 (95% CI: 0.66-1.62; p = 0.88)), but patients with disseminated EMD
plasmacytomas had worse prognosis (3-year PSF: HR 3.40 (95% CI: 1.74-6.61; p < 0.001) [11].

We found well-known high-risk cytogenetic aberrations del(17p) a t(4;14) retaining their
negative prognostic impact predominantly in NDMM patients with PS plasmacytomas, as
described in other studies [37,38]. Moreover, we found a negative prognostic impact of
gain(1q21) in NDMM patients with EMD plasmacytomas. This finding is interesting, as we
have previously published the higher risk of future plasmacytoma development in NDMM
patients with gain(1q21) [18]. Similarly, analyses of a small groups of patients described higher
incidence of gain(1q21) in NDMM patients with numerous EMD plasmacytomas [39,40].
Unfortunately, our results are based on a low number of evaluated samples. Another limitation
was the absence of plasmacytoma tissue cytogenetics analysis in our work. Routine evaluation
of plasmacytoma tissue can be complicated, mostly due to possible risk for patients from
surgical sampling (i.e., paraspinal plasmacytomas and EMD in parenchymatous organs or the
CNS).

5. Conclusions

Taken together, there is emerging evidence of the importance of the distinction between
EMD and PS plasmacytomas in NDMM patients. Moreover, within these two entities, we
found significant clinical heterogeneity, based on intra- and extramedullary tumor burden.
These easy-to-assess biomarkers might reflect far different disease biology. Patients with
PS plasmacytomas and low BM PC infiltration predominantly harbor low-risk features and
have surprisingly good prognosis. In contrast, patients with higher BM PC infiltration and
numerous PS plasmacytomas have poor prognosis. Prognosis of NDMM patients with
EMD plasmacytomas is highly dependent on extramedullary burden. Patients with 1–2
EMD plasmacytomas had surprisingly comparable outcomes to NDMM patients without
plasmacytoma. On the other hand, those with numerous EMD plasmacytomas had a dismal
prognosis, resembling aggressivity of EMD plasmacytomas in RRMM patients.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/biomedicines10102535/s1, Table S1. Descriptive characteristics
of patients’ groups at NDMM diagnosis. Table S2. Treatment in first line of therapy.
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