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Despite the high efficacy of current induction regimens, most multiple myeloma (MM) patients relapse over time. The 
link between changes in the immune system and the prognosis of the disease is still not entirely clear. Therefore, we analyzed 
whether the pattern of bone marrow (BM) lymphocytes during routine BM examination after autologous stem cell trans-
plant (ASCT) is related to disease prognosis or MRD negative complete remission. From 2009 to 2018, 98 MM patients 
underwent routine BM testing after the first ASCT. Using multi-parametric flow cytometry, twelve BM lymphocyte subtypes 
were analyzed. In 60% of patients who achieved a complete response (CR), MRD by flow cytometric analysis (sensitivity 
threshold 10-6) was evaluated. We found an association of relative proportion of BM lymphocyte subtypes with treatment 
response, progression-free survival (PFS), overall survival (OS), and minimal residual disease (MRD) negativity. Higher 
relative proportion of memory B cells was associated with inferior median PFS [HR 1.089 (95% CI: 1.023–1.160), p=0.008] 
and median OS [HR 1.170 (95% CI: 1.074–1.274), p<0.001]. In non-responding patients (minimal response and worse), 
higher proportion of memory B cells was found when compared to patients achieving CR [3.8% (range 0.5–35.0) vs. 1.0% 
(range 0.1–12.5); p=0.001]. No significant association of BM lymphocyte subtypes proportion with MRD negative CR was 
found. Our results show that changes in BM lymphocyte subsets including memory B cells may have prognostic value in 
MM patients after ASCT. 
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The introduction of new anti-myeloma drugs, such as 
proteasome inhibitors (PI) and immunomodulatory drugs 
(IMIDs), combined with high dose chemotherapy followed 
by autologous stem cell transplant (ASCT) led to a significant 
improvement of prognosis of younger multiple myeloma 
(MM) patients [1, 2]. Modern induction regimens followed 
by ASCT are capable of inducing treatment response in 
almost all MM patients, and a large number of patients can 
achieve complete response (CR) [3, 4]. The depth of treat-
ment response strongly correlates with the length of progres-
sion-free survival (PFS) and overall survival (OS) [5].

Thus, the best possible prognosis can be expected in 
MM patients achieving complete response (CR) without 
the minimal residual disease (MRD) in bone marrow (BM) 
detected by new generation sequencing (NGS) or multipa-
rametric flow cytometry (MFC) [6–8]. However, even these 
MRD-negative patients often relapse [9]. On the other hand, 
there is a group of patients who achieve long-term remission 

(>10 years) independently of their MRD negative status or 
even achievement of CR [10, 11]. It is likely that immune 
surveillance of the disease plays a key role in these patients 
[12].

Preclinical studies have confirmed that specific lympho-
cyte subpopulations are actively and directly involved in the 
myeloma-specific immune response. These include NK cells 
[13], cytotoxic CD8+ T cells [14], and possibly NKT lympho-
cytes [15]. Moreover, in a few clinical trials, higher levels 
of some lymphocyte subpopulations were associated with 
a more favorable prognosis. Higher levels of CD4+ T-cells 
and CD19+ B-cells after induction treatment in peripheral 
blood (PB) are associated with longer PFS and/or OS [16]. A 
higher proportion of CD19+ B-cells in patients before ASCT 
and γδT cells or NK cells in patients after ASCT resulted in 
longer PFS or OS [17, 18]. In another paper, MM patients 
with sustained long-term remission showed a higher propor-
tion of cytotoxic CD8+ T cells and a lower proportion of 
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Treg lymphocytes [11]. In another analysis of patients after 
lenalidomide treatment, a higher proportion of naive and 
memory B-cells in BM was associated with a longer time 
to progression (TTP) and OS. In contrast, excess of B-cell 
precursors was associated with a worse prognosis [19].

In MM patients, a different distribution of lymphocyte 
subpopulations can be found in the PB and BM niches [20, 
21]. Previous analyses were based predominantly on PB 
lymphocyte subpopulations.

Based on these facts, we assumed that specific BM lympho-
cyte pattern after the first ASCT may have a prognostic 
significance in PFS or OS duration. Moreover, in patients 
achieving MRD negativity, a specific BM lymphocyte pattern 
may be present.

Patients and methods

Characteristics of the patient population. We retro-
spectively analyzed 98 newly diagnosed MM patients, who 
were treated with induction treatment followed by ASCT. 
All patients were treated at the Department of Internal 
Medicine, Hematology and Oncology, University Hospital 
Brno, Czech Republic between September 2009 and October 
2018. Patients were followed up and their data were analyzed 
in March 2019.

We enrolled all patients, who underwent induction 
treatment based on modern anti-myeloma drugs (PI and/
or IMIDs) and who agreed with routine BM assessment 
including MFC after ASCT. Enrollment of patients was 
unbiased according to induction protocol. We excluded all 
patients who had BM assessment during any subsequent 
anti-myeloma treatment and patients with clinical or labora-
tory signs of infection, persisting cytopenia (i.e., treatment-
related MDS, bone marrow failure, etc.), systemic autoim-
mune disease, or other malignancies.

All patients were treated according to the investigator’s 
decision with the best available treatment. Patients were 
mobilized by cyclophosphamide 2.5 g/m2 followed by G-CSF 
10 IU/kg. The patient underwent apheresis until a target 
CD34+ cell dose of 10×106/kg or more was achieved. All 
cells were divided into at least four grafts and subsequently 
cryopreserved for further use. The patient received a full (200 
mg/m2) dose of melphalan (MEL) as pre-transplant condi-
tioning.

All acquired data were recorded in the RMG (Registry of 
Monoclonal Gammopathies) of the Czech Myeloma Group. 
All participants provided written informed consent with the 
inclusion of their data in the RMG. These consent forms were 
approved by the institutional Ethics board in accordance 
with the latest Helsinki declaration.

Bone marrow collection and immune profiling panels. 
BM samples were collected at the time of routine response 
assessment after ASCT. In all 98 patients, BM was collected 
at least 2 months (range 2–7) after ASCT. A wide range of BM 

sampling schedules was affected by the patient’s decision or 
delay in case of non-serious infections.

BM samples of MM patients were analyzed by multi-
parametric flow cytometry. The following monoclonal 
antibodies (MoAbs) were used for surface analysis: 
CD45-PB (PB-684-T100; Exbio), CD45-PO (PO-684-
T100; Exbio), CD5-FITC (1F-482-T100; Exbio), CD19-PC7 
(IM3628; Beckman Coulter), CD10-APC (1A-209-T100; 
Exbio), CD20-PerCP (PC-638-T100; Exbio), CD27-APC-
AlexaFluor750 (B12701; Beckman Coulter), CD34-PE 
(1P-664-T100; Exbio), CD56-APC (1A-789-T100; Exbio), 
CD38-APC-AlexaFluor750 (B49200; Beckman Coulter), 
CD38-PB (PB-366-T100; Exbio), CD138BV510 (2382590; 
Sony), CD138-PerCP (PC-814-T100; Exbio). Fixed and 
permeabilized cells (IntraPrep, A07803; Beckman Coulter) 
were used for intracellular staining of immunoglobulin 
light chains (kappa-FITC; C15623 and lambda-PE; C15189, 
both Beckman Coulter) regarding clonality assessment. The 
8-color flow cytometry was performed on BD FACSCanto™ 
II with acquisition software Diva (BD Biosciences), and data 
were analyzed by Infinicyt software (Cytognos, Salamanca).

Analyzed CD45+ lymphocyte subpopulations were CD19+ 
B cells incl. CD34+CD10–/+CD20– preB I, CD34–CD10+CD20– 
preB II, CD10+CD20+ immature B and CD10–CD20+ mature 
B cells. T cells were CD19–CD5+ and NK cells were calculated 
as rest of CD5–CD19– lymphocytes. NK subset of CD56+ 
NK/NKT lymphocytes was defined as CD38+. Memory 
subpopulations were CD19+CD27+ B and CD19–CD27+ T 
lymphocytes, where activated memory T cells were defined 
as CD38+. Clonality assessment was done on CD38+CD138+ 
PCs, and clonal PCs were detected according to phenotype 
from the time of diagnosis based on the expression of CD45, 
CD19, CD56, and CD27 together with cytoplasmic kappa/
lambda verification.

The number of analyzed cells was 10×106 if possible or 
the entire volume of BM sample, minimum 1×106. The limit 
of detection (LOD) for MRD positivity was 20 clonal PCs 
from analyzed leukocytes, the sample was classified as MRD 
positive above that LOD.

Endpoints and response assessment. Treatment 
response and survival intervals (PFS, OS) were analyzed. 
Survival intervals were assessed from the beginning of induc-
tion treatment. The response was assessed according to the 
current International Myeloma Working Group (IMWG) 
criteria [22].

The primary endpoint of this analysis was the correlation 
between BM relative lymphocyte subtype count and PFS 
and/or OS.

Secondary endpoints were the correlation between 
specific BM lymphocyte population patterns and PFS and/
or OS, and the correlation between BM relative lymphocyte 
subtype count and CR (MRD negative or positive).

Statistical methods. Data were described by absolute 
and relative frequencies of categorical variables and median 
(minimum–maximum) of quantitative variables. For 
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comparison of the categorical variables in groups, Fisher’s 
exact test was used; in the case of quantitative variables, 
the Mann-Whitney U test was adopted. OS, PFS, TTP, and 
duration of response (DOR) were plotted using Kaplan-
Meier methodology. The log-rank test was used to estimate 
the statistical significance of the difference between the 
curves. Association of risk factors with time-dependent 
endpoints was assessed using univariate Cox proportional 
hazards model. Hierarchical clustering based on Ward’s 
algorithm was performed to defined homogenous groups of 
patients based on cell populations; variables were centered 
before entering the multivariate analysis. A p-value <0.05 
was considered statistically significant (all tests two-sided). 
The analysis was performed in the SPSS software (IBM Corp. 
Released 2017. IBM SPSS Statistics for Windows, Version 
25.0. Armonk, NY: IBM Corp.) and software R version 3.4.2 
(www.r-projec.org).

Results

Patients and treatment results. PI-based induction 
treatment was administered in 60.2% (59/98) of patients, 
PI + IMID treatment in 30.6% (30/98) of patients, and IMID-
based treatment in 9.2% (9/98) of patients. The median 
number of induction treatment cycles was 4 (range 2–12). 
The characteristics of patients’ demographic and treatment 
data are summarized in Table 1.

CR was achieved in 35.7% (35/98) of patients, very good 
partial response (VGPR) or better was achieved in 66.3% 
(65/98), and partial response (PR) or better in 86.7% (85/98).

MRD status by MFC, as previously described, was assessed 
in 60.0% (21/35) of patients achieving CR. MRD negative CR 
was confirmed in 13.3% (13/98) of all patients.

The median PFS was 30.1 months [95% CI (25.6–34.5)], 
median TTP 32.5 months [95% CI (19.5–45.5)], median 
DOR 34.3 months [95% CI (16.0–52.6)], and median OS 
91.7 months [95% CI (NA–NA)]. Median follow-up was 34.4 
months [95% (CI 4.4–107.6)].

All treatment results are summarized in Table 2 and 
Figure 1.

BM lymphocyte subpopulation-association with PFS or 
OS. Association of lymphocyte subpopulations with PFS and 
OS is shown in Table 3. An increase of memory B-cells propor-
tion was significantly associated with inferior median PFS 
[HR 1.089 (95% CI: 1.023–1.160), p=0.008] and median OS 
[HR 1.170 (95% CI: 1.074–1.274), p<0.001]. Flow cytometry 
dot-plots of B lymphocyte subpopulations are presented in 
Figure 2. An increase of CD56+ NK/NKT cells proportion was 
significantly associated with inferior median OS [HR 1.057 
(95% CI: 1.009–1.108), p=0.020], but not with median PFS.

BM lymphocyte subpopulation-multivariate associa-
tion with PFS or OS. Based on Ward`s method, three groups 
of patients with a characteristic lymphocyte subpopulations 
pattern in the BM were found: the first group (group 1) with 
T cells and mature B cells predominant pattern, the second 

Table 1. Baseline characteristics (all patients; n=98). 
Baseline characteristics at 1st line initiation Statistics*
Female sex 49 (50.0%)
Age Median (min-max) 59 (38–66)
Follow-up (months) Median (min-max) 34.4 (4.4–107.6)
M-protein type IgG 56 (57.1%)

IgA 22 (22.4%)
LC only 18 (18.4%)
IgD 1 (1.0%)
Nonsecretory 1 (1.0%)

Light chain type (n=97)† Kappa 60 (61.9%)
Lambda 37 (38.1%)

ISS (n=96) Stage 1 43 (44.8%)
Stage 2 33 (34.4%)
Stage 3 20 (20.8%)

ECOG PS (n=94) 0–1 70 (74.5%)
2 19 (20.2%)
3–4 5 (5.3%)

Extramedullary mass 13 (13.4%)
Cytogenetic risk‡ Standard risk 27 (27.6%)

High risk 14 (14.3%)
Not available 57 (58.2%)

Induction regimen PI-based 59 (60.2%)
PI+IMID-based 30 (30.6%)
IMID-based 9 (9.2%)

Number of induction cycles Median (min-max) 4 (2–12)
Notes: *n (%) in case of categorical variables, median (minimum-maxi-
mum) in case of continuous variables; †not assessed in nonsecretory MM; 
‡high risk defined as presence of t(4;14), t(14;16) or del(17p13); samples 
collected at time of MM diagnosis. Abbreviations: Ig-immunoglobulin; 
LC-light chains; M-protein-monoclonal protein; ISS-international staging 
system; ECOG PS-performance status developed by Eastern Cooperative 
Oncology Group; IMID-immunomodulatory drugs; PI-proteasome inhibi-
tors; ASCT-autologous stem cell transplant.

Table 2. Final response to induction therapy and MRD status (all pa-
tients; n=98). 
Final response and MRD status n (%)
Final response to induction therapy*

CR 35 (35.7%)
CR+MRD negative 13 (13.3%)
CR+MRD positive 8 (8.2%)
CR+MRD not assessed 14 (14.3%)
VGPR 30 (30.6%)
PR 20 (20.4%)
MR 4 (4.1%)
SD 3 (3.1%)
PD 6 (6.1%)
ORR (PR+) 85 (86.7%)

Note: *assessed 90–100 days after induction therapy. Abbreviations: MRD-
minimal residual disease; CR-complete response; VGPR-very good partial 
response; PR-partial response; MR-minimal response; SD-stable disease; 
PD-progressive disease; ORR-overall response rate.

group (group 2) with a similar distribution of T and B cells, 
and the third group (group 3) with T cells and immature B 
cells predominant pattern.



522 Martin STORK, et al.

All three groups were comparable in treatment response 
achievement, PFS and OS intervals, and MRD status. All 
results including lymphocyte subtypes distribution in 
different patterns are summarized in Table 4 and Figure 3.

BM lymphocyte subpopulation – association with MRD 
negative CR and treatment response. MRD was assessed in 
60.0% (21/35) of patients achieving CR. There was no signifi-
cant difference in lymphocytes subpopulation according to 
MRD status. We found a higher proportion of memory B 
cells subpopulation in non-responding patients (minimal 
response and worse) when compared to patients achieving 
CR [3.8% (range 0.5–35.0) vs. 1.0% (range 0.1–12.5); 
p=0.001]. Moreover, in non-responding patients, memory T 
cells subpopulation was elevated when compared to patients 
achieving CR [33.4% (range 21.0–56.2) vs. 25.0% (range 
9.6–52.9); p=0.022]. Results are summarized in Table 5.

Figure 1. A) Overall survival (OS) from treatment initiation, B) (PFS), C) time to progression (TTP), and D) duration of response (DOR).

Figure 2. Flow cytometry analysis of B cell subpopulations in BM. A) 
total B lymphocytes (dark blue); B) memory B cells (pink) from total 
B cells; C–E) subpopulations of B lymphocytes-preB I (green), preB II  
(yellow), immature (light blue), mature (purple).
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Discussion

Multiple myeloma pathogenesis is a complex and not 
fully understood process including dysregulation of the 
host’s immune surveillance. A key mechanism of anti-
tumor immune surveillance is the recognition of tumor 
cells by T and NK cells and their subsequent cytotoxic lysis 
[12]. There are a few regulatory mechanisms of the immune 
response. FoxP3 positive Treg cells effectively modulate 
the immune response [12, 23]. In the case of MM, their 
role is unclear and the results describing their prognostic 
significance differ [23]. In new insights, even B cells have 
an important regulatory function in immune surveillance 
[24].

Processes in the immune system can be described in a 
simplified manner by proportional changes in immune 
cells’ representation evaluated by flow cytometry. Several 
papers have been published focusing on how the represen-
tation of immune cells in vivo correlates with the prognosis 
of MM patients. Immunophenotyping studies have been 
performed in patients at specific endpoints of MM disease 
course (i.e., at the time of diagnosis, pre-ASCT, post-ASCT, 
relapse, in long-term response, etc.) [16–19].

This paper describes the prognostic significance of the 
BM lymphocyte subsets representation in MM patients 
after ASCT. In this study, an unselected group of MM 
patients treated with standard-of-care induction regimens 
were enrolled [25, 26]. BM sampling was not affected by 
ongoing consolidation or maintenance treatment.

Table 3. Association of representation of respective cell population in 
bone marrow with OS and PFS from treatment initiation.
Cell population in bone marrow Hazard ratio (95% CI) p-value
Overall survival

B cells (%) 0.987 (0.963–1.011) 0.287
Pre B I cells (%) 0.947 (0.829–1.082) 0.422
Pre B II cells (%) 0.986 (0.960–1.012) 0.294
Immature B cells (%) 0.963 (0.881–1.053) 0.407
Mature B cells (%) 1.015 (0.993–1.038) 0.179
Memory B cells (%) 1.170 (1.074–1.274) < 0.001
T cells (%) 1.004 (0.982–1.027) 0.710
Memory T cells (%) 1.029 (0.983–1.078) 0.223
Activated memory T cells (%) 0.987 (0.938–1.038) 0.605
NK cells (%) 1.031 (0.987–1.078) 0.167
NK/NKT cells (%) 1.057 (1.009–1.108) 0.020
NK subset (%) 1.000 (0.975–1.026) 0.998

Progression-free survival
B cells (%) 0.991 (0.977–1.005) 0.213
Pre B I cells (%) 0.967 (0.903–1.035) 0.331
Pre B II cells (%) 0.998 (0.984–1.013) 0.822
Immature B cells (%) 1.030 (0.996–1.066) 0.087
Mature B cells (%) 0.999 (0.986–1.013) 0.907
Memory B cells (%) 1.089 (1.023–1.160) 0.008
T cells (%) 1.009 (0.995–1.023) 0.228
Memory T cells (%) 1.029 (0.998–1.061) 0.069
Activated memory T cells (%) 0.992 (0.966–1.018) 0.546
NK cells (%) 0.996 (0.966–1.028) 0.815
NK/NKT cells (%) 0.985 (0.945–1.025) 0.451
NK subset (%) 0.999 (0.985–1.013) 0.872

 

Table 4. Comparison of groups of patients (defined in cluster analysis) in representation of cell populations, response to treatment, and MRD status. 
Cell populations* Group 1 (n=20) Group 2 (n=31) Group 3 (n=30) p-value†

B cells (%) 16.1 (0.9–38.2) 45.1 (21.9–73.1) 13.7 (1.1–44.0) <0.001
Pre B I cells (%)+ 2.0 (0.0–7.0) 8.9 (1.6–19.8) 7.6 (0.4–17.1) <0.001
Pre B II cells (%)+ 14.4 (0.0–47.7) 58.8 (32.8–73.6) 51.5 (33.7–75.2) <0.001
Immature B cells (%)+ 15.8 (0.0–72.1) 12.6 (4.7–23.7) 12.8 (1.2–30.9) 0.481
Mature B cells (%)+ 60.0 (23.2–100.0) 18.6 (6.1–42.5) 25.3 (4.3–48.3) <0.001
Memory B cells (%)+ 2.8 (0.3–35.0) 0.7 (0.1–4.0) 1.0 (0.1–7.7) 0.001
T cells (%) 61.9 (29.2–85.0) 44.8 (17.1–64.3) 72.9 (43.4–88.8) <0.001
Memory T cells (%)+ 28.2 (13.3–56.2) 26.0 (8.0–50.6) 28.4 (9.6–54.2) 0.673
Activated memory T cells (%)+ 19.0 (5.6–37.9) 30.6 (5.3–56.1) 25.2 (6.4–49.2) 0.003
NK cells (%) 19.4 (6.2–59.6) 11.2 (3.3–27.8) 12.0 (0.5–31.6) 0.001
NK/NKT cells (%)+ 12.6 (7.7–51.1) 9.0 (3.0–29.9) 10.0 (1.5–37.6) 0.048
NK subset (%)+ 85.3 (23.2–97.3) 85.0 (60.8–95.3) 55.6 (32.3–87.2) <0.001

Final response to treatment* p-value‡

CR 7 (35.0%) 10 (32.3%) 13 (43.3%)

0.768
VGPR 5 (25.0%) 9 (29.0%) 9 (30.0%)
PR 4 (20.0%) 9 (29.0%) 4 (13.3%)
MR-PD 4 (20.0%) 3 (9.7%) 4 (13.3%)

MRD status in CR*

MRD negative CR 0 (0.0%) 5 (62.5%) 8 (80.0%)
0.055

MRD positive CR 3 (100.0%) 3 (37.5%) 2 (20.0%)
Notes: *n (%) in case of categorical variables, median (minimum-maximum) in case of continuous variables; †statistical significance determined using 
Kruskal-Wallis test, p-values bellow significance level in bold; ‡statistical significance determined using Fisher’s exact test in case of categorical variables and 
Mann-Whitney U test in case of continuous variables, p-values bellow significance level in bold; +percentage from all B-cells (T-cells, NK-cells respectively) 
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We found a significant correlation of a higher proportion 
of memory B cells with unfavorable prognosis. This finding 
is surprising when in the analysis published by Paiva et al., 
a higher proportion of memory B cells was associated with 
a better prognosis [19]. Differences between our and previ-
ously mentioned analysis could be explained by differences in 
the timing of BM sampling. In Paiva`s analysis, patients were 
sampled at the time of maintenance treatment with IMIDs, but 
in our group of patients, there was a treatment-free interval of 
at least 3 months before BM sampling. Moreover, we did not 
prove any other B cells subgroup as a risk factor for treatment 
response, while in the previously mentioned analysis, naïve 
B cells were also connected with a favorable prognosis [19].

Another explanation of our results may be that in MM, 
memory B cells subset may serve as a source of clonotypic 
B cells with the potential to transform into MM cells [27]. 
In work published by Rasmussen et al., differences between 
clonotypic memory B cells and normal memory B cells were 
found in the expression of chemokine receptors (CXCR5, 
CCR7). While normal memory B cells were recirculating 
between PB, BM, and lymphatic organs, clonotypic memory 
B cells had the higher homing potential to BM and lymphatic 
tissue [28]. That may explain the different prognostic signifi-
cance of memory B cells (probably normal) in PB in Paiva’s 
work and BM memory B cells (probably clonotypic) in our 
analysis [19].

Figure 3. Progression-free survival (PFS) and overall survival (OS) in groups of patients defined in cluster analysis.

Table 5. Proportion of respective cell population in bone marrow according to MRD status and treatment response.

Cell populations
CR with MRD status*‡ Non-responsive patients*

Negative (n=13) Positive (n=8) p-value CR (n=35) MR+SD+PD (n=13) p-value
B cells (%) 33.2 (8.4–73.1) 29.6 (5.9–54.4) 0.717 26.9 (0.9–73.1) 17.6 (1.3–50.6) 0.125
PreB I cells (%) † 9.1 (3.2–15.6) 6.1 (0.0–10.0) 0.051 7.7 (0.0–15.6) 5.3 (0.0–14.0) 0.424
PreB II cells (%) † 56.2 (40.1–73.6) 51.0 (0.0–74.9) 0.277 51.9 (0.0–74.9) 46.4 (0.0–75.2) 0.579
Immature B cells (%) † 13.1 (10.8–20.4) 14.0 (0.0–21.0) 0.856 13.8 (0.0–42.1) 12.5 (0.0–72.1) 0.223
Mature B cells (%) † 19.6 (4.3–43.6) 25.7 (6.4–100.0) 0.128 24.9 (4.3–100.0) 26.4 (7.5–99.3) 0.675
Memory B cells (%) † 0.7 (0.1–4.0) 1.1 (0.4–4.9) 0.384 1.0 (0.1–12.5) 3.8 (0.5–35.0) 0.001
T cells (%) 53.2 (17.1–82.1) 53.7 (29.2–80.6) 0.913 56.2 (16.3–82.1) 72.4 (31.9–79.9) 0.084
Memory T cells (%) † 24.6 (9.6–39.4) 26.8 (13.5–41.4) 0.426 25.0 (9.6–52.9) 33.4 (21.0–56.2) 0.022
Activated memory T cells (%) † 23.6 (5.3–41.0) 19.7 (5.6–38.1) 0.469 20.6 (5.3–44.3) 28.3 (9.8–39.1) 0.171
NK cells (%) 12.2 (0.5–31.6) 12.2 (4.3–59.6) 0.772 13.3 (0.5–59.6) 16.3 (3.3–20.3) 0.539
NK/NKT cells (%) † 7.5 (5.0–37.6) 13.8 (5.7–51.1) 0.168 9.0 (4.5–51.1) 12.5 (1.5–18.2) 0.977
NK subset (%) † 70.3 (32.3–95.2) 71.6 (34.4–97.3) 0.800 72.9 (32.3–97.3) 79.0 (23.2–94.7) 0.345

Notes: *described using median (minimum–maximum), statistical significance determined using two-tailed Mann-Whitney U test, p-values bellow signifi-
cance level in bold, n= patients with defined response; †cells percentage from all B-cells (T-cells, NK-cells respectively); ‡patients with final response CR and 
MRD status not available excluded 
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Other papers showed that total B cell level in MM patients 
after ASCT had no effect on the patient`s prognosis what is 
in concordance with our findings [17, 18].

In our analysis, we found no association of T cells with 
post-transplant prognosis. These results are consistent with 
previously published results of PB T cells [16–18].

In a deeper analysis of post-ASCT peripheral T cells 
sub-populations, a higher proportion of γδ T cells corre-
lated with longer PFS and OS, especially in patients without 
maintenance treatment. However, in the case of γδ T cells, 
results could be influenced by administrated bisphospho-
nates [29]. A higher proportion of CD4+ central memory T 
cells correlated with a longer OS but not PFS in post-trans-
plant MM patients [17]. We found a higher proportion of 
memory T cells in non-responsive patients but not as a risk 
factor for PFS or OS length. Moreover, there was no signifi-
cant change of memory T cell proportion in specific lympho-
cyte patterns, found in our analysis. Other important T cell 
subpopulations, such as effector memory T, Tregs, Th17, etc., 
were not analyzed in this study. Our BM samples were limited 
by volume and evaluated primarily for clonality assessment.

NK cells are one of the major anti-tumor immunity 
components in other malignancies, such as Hodgkin 
lymphoma or melanoma [12, 13, 30, 31]. However, changes 
in their representation in BM did not correlate with better 
prognosis in MM patients after ASCT. We found a higher 
proportion of CD56+ NK/NKT cells associated with inferior 
OS. As the whole population of NK cells was not associated 
with inferior OS, it seems that only CD56+ NKT cells are 
responsible for this association. However, a higher propor-
tion of these cells was not associated with inferior PFS or 
with a non-responsive group of patients. In the literature, 
their representation in a single assessment had often limited 
value for the prognosis of MM patients [17, 19]. Early recon-
stitution of NK lymphocytes within 1 month after ASCT 
and/or their higher numbers in PB in long-term remission 
appears to correlate with longer PFS [11, 18].

BM lymphocyte reconstruction after ASCT depends on 
the diagnosis and previous therapy. In a paper analyzing 
various hematopoietic malignancies, normalization of B 
and T cells levels was usually until day 20 after ASCT [32]. 
Another analysis of MM patients showed the beginning of 
B cells recovery 6 months after ASCT. Full B-cell recovery 
happened within one year [18]. In concordance to the previ-
ously mentioned work, normalization of polyclonal immuno-
globulin levels happened within one year [33]. The process of 
T and NK cells’ recovery in MM patients after ASCT varies. 
While CD8+ T cells and NK cell levels were comparable 
with healthy donors within one month, CD4+ T cells merely 
reached normal levels [18].

From so far published analysis in MM patients, recon-
struction of immune surveillance is a complex process, 
strongly affected by concomitant maintenance treatment. 
Achieving and maintaining MRD negativity is currently 
considered to be the strongest and independent prognostic 

factor of the length of PFS and OS in MM patients [6–8]. Our 
analysis showed no specific changes in examined lymphocyte 
populations in MRD-negative patients. Similar results were 
also reported regardless of ASCT in elderly patients [19].

In conclusion, the representation of different lympho-
cyte subpopulations in routine BM assessment after ASCT 
has unclear prognostic significance in our hands. We found 
a higher proportion of memory B cells associated with 
the inferior prognosis. It remains to be seen if this subset 
contains clonotypic B cells with the potential to regenerate 
and maintain the population of MM cells.

Moreover, due to small differences in the representa-
tion of memory B cells populations in responsive and 
non-responsive patients, it may be difficult to use these cells 
as a prognostic marker in routine clinical practice. We found 
no specific lymphocyte sub-population or pattern associated 
with MRD negative CR. For the better prognostic impact of 
lymphocytes` subgroups analysis, more complex or contin-
uous analyses should be done.
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