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Simple Summary: Multiple myeloma affects the quality of life and physical functioning of
patients. In addition, disease progression is affected by the bone marrow microenvironment.
The purpose of this study was to investigate the possible relationship between the bone
marrow microenvironment and the quality of life/ physical function of multiple myeloma
patients after first-line treatment. It was revealed that the percentage of CD27+ NK/NKT
cells was correlated positively with physical function and role functioning, and negatively
with fatigue, pain, and dyspnea. This suggests that stronger immune surveillance in
the bone marrow from CD27+ NK/NKT cells implies a better quality of life in multiple
myeloma patients.

Abstract: Background/Objectives: Multiple myeloma is a malignancy of plasma cells
detected in the bone marrow, inducing symptoms like anemia, hypercalcemia, renal prob-
lems, and bone fractures in multiple myeloma patients, affecting their quality of life. The
bone marrow microenvironment plays a crucial role in the prognosis and progression
of the disease. The purpose of this study was to examine the relationship between the
percentages of the major cell populations of the bone marrow, including immune cells, and
physical function/quality of life in multiple myeloma patients after first-line treatment.
Methods: Twenty-one multiple myeloma patients (N = 14 men, N = 7 women) participated
in the study after completing first-line treatment. Bone marrow and blood samples were
taken one hundred days after transplantation, while physical function (6 min walking test,
handgrip test, maximal aerobic power, and isometric strength), health-related quality of life
(QLQ-C30), and body composition (DXA) were assessed 2–5 days later. Flow cytometry
was used to assess the percentages of plasma cells, mast cells, B cells (total, precursors,
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naïve, and memory), T cells (total, CD27− and CD27+), NK/NKT cells (total, CD27−
and CD27+), eosinophils, monocytes, neutrophils, myeloid progenitors, erythroblasts, and
erythroid progenitors, expressed as percentages of total nucleated cells of the bone marrow.
Results: The percentage of CD27+ NK/NKT cells was correlated with five parameters of
the quality of life questionnaire: physical function (r = 0.78, p = 0.005), role functioning
(r = 0.69, p = 0.020), fatigue (r = −0.86, p = 0.000), pain (r = 0.68, p = 0.021), and dyspnea
(r = −0.80, p = 0.003). Conclusions: In conclusion, stronger immune surveillance in the
bone marrow from CD27+ NK/NKT cells is correlated with better quality of life in multiple
myeloma patients.

Keywords: bone marrow immunity; physical fitness; 6 min walking test; CD27+ NK/NKT
cells; handgrip; isometric strength; quality of life; multiple myeloma

1. Introduction
Multiple myeloma is a hematological malignancy of bone marrow plasma cells [1].

A percentage of ≥10% clonal plasma cells in the bone marrow is one of the two main
multiple myeloma diagnostic criteria [2]. Myeloma cells, along with the paraprotein they
overproduce, damage various tissues and lead to hypercalcemia, anemia, renal failure,
and/or bone damage [1].

Aside from diagnosis, the level of bone marrow clonal plasma cells is measured after
treatment to determine the persistence of residual disease [3]. The residual myeloma cells
can become dormant cells, whose possible reactivation will lead to disease relapse [4].
Myeloma cells employ mechanisms to downregulate the anti-tumor immune response [5,6].
Myeloma cells impair the function of, e.g., dendritic cells and macrophages inhibiting T cell
activation [7,8] or drive effector NK cells out of the bone marrow [9]. On the other hand,
higher levels of cytotoxic T cells and NK cells, combined with lower levels of regulatory
T cells in the bone marrow, are believed to control tumor growth in multiple myeloma
patients [10].

Physical function and quality of life are secondary outcomes of high importance
from the clinical perspective, as they could be exacerbated by multiple myeloma and its
symptoms. These two parameters are interconnected, since lower physical function status
is associated with lower quality of life in patients with plasma cell disorders [11]. Physical
function and quality of life are reduced in patients with multiple myeloma compared
to healthy individuals [12], as well as in newly diagnosed multiple myeloma patients
compared to patients two or more years after diagnosis [11]. This implies that the tumor
burden negatively affects the daily life of multiple myeloma patients. However, whether
the bone marrow microenvironment impacts on patients’ daily life is currently unknown.

The purpose of this study was to investigate the relationship between the bone marrow
microenvironment and physical function/quality of life in multiple myeloma patients who
have undergone first-line treatment. It was hypothesized that higher levels of immune cells
with anti-tumor activity, like T cells or NK cells, in the bone marrow will be detected in
patients with a better status of physical function and quality of life.

2. Materials and Methods
2.1. Experimental Design

Physical function, body composition, health-related quality of life as well as blood
and bone marrow analyses were evaluated in 21 multiple myeloma patients after first-line
induction treatment. Physical function was determined by four tests (6 min walking test,
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handgrip test, isometric strength test, and maximal aerobic power test). Body composition
was measured in all patients and a quality of life questionnaire was completed by 19 patients.
Blood samples were collected from all patients and bone marrow samples were taken from
16 patients. Blood sampling and bone marrow aspiration were performed one hundred
days after autologous stem cell transplantation. Each participant visited the laboratory
and performed all the above-mentioned tests one week after bone marrow collection. The
study was approved by the bioethics committee of the institutional review board (Protocol
Number: 1202/10-06-2020). All procedures followed the Code of Ethics of the World
Medical Association (Helsinki Declaration of 1964, as revised in 2013).

2.2. Participants

Twenty-one multiple myeloma patients participated in the study (Table 1) between
November 2021 and April 2023. All patients provided written informed consent to partic-
ipate as volunteers after being informed of the experimental procedures. The inclusion
criteria were as follows: (i) participants had completed first-line treatment, undergone
autologous hematopoietic stem cell transplantation, completed consolidation therapy, and
had just started maintenance treatment; and (ii) their Eastern Cooperative Oncology Group
performance status was 0–2. Four patients had bone fractures at diagnosis but performed
the tests without any problems or complaints. In addition, the COVID-19 vaccination had
been completed in all patients.

Table 1. Patient characteristics.

Anthropometrical Characteristics (Mean ± SD)

Total mass (kg) 81.4 ± 16.5
Age (years) 53.9 ± 7.7
Height (m) 1.73 ± 0.1

Gender (N)

Total participants 21
Women 7
Mem 11

Treatment (N)

PI 3
IMID 8
PI + IMID 4
anti-CD38 + IMID 1
anti-CD38 + PI 2
anti-CD38 + IMID + PI 3

Treatment-Based Groups (N)

PI—based 7
IMID—based 8
Anti-CD38—based 6

MRD (N)

Total participants 16
MRD positive 5
MRD negative 11

PI, proteasome inhibitors; IMID, immunomodulatory drugs; anti-CD38, anti-CD38 monoclonal antibody; MRD,
minimal residual disease.

2.3. 6 Min Walking Test

The 6 min walking test was performed indoors in a long and spacious corridor. Two
cones were placed across one another at a distance of 20 m apart. Each participant started
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from one cone, walked to the other one, made a counterclockwise rotation, and then
repeated the same path for six minutes. Time feedback was given by the researcher every
one minute. The instructions were to walk as far as possible, continuously at their own
pace. They were encouraged to inform the researcher if they felt unwell or wanted to
stop. However, all participants completed the 6 min walk without any problem. The total
walking distance was measured and used for the analysis. The ICC for this measurement
is 0.95.

2.4. Handgrip Test

Handgrip strength of both the right and left hand was measured with a calibrated
hand-held dynamometer (Camry, Model EH101, Zhongshan, China). The patient was in
a standing position with the elbow in full extension. Two examinations for each hand
were performed with 30 s of rest between each trial. The highest value for each hand was
recorded and the sum of right- and left-hand strength was used for the analysis. The ICC
in our laboratory is 0.96.

2.5. Isometric Strength

Isometric strength was evaluated with an isometric dynamometer (MicroFET 2 Wire-
less Manual Muscle Tester, Hoggan Scientific LLC, Salt Lake City, UT, USA, Sampling rate:
100 sample/s) for both the right and left extremities. Specifically, isometric contractions
at seven positions for both right and left sides were performed: (1) shoulder adduction,
(2) shoulder abduction, (3) hip flexion, (4) hip abduction, (5) hip adduction, (6) knee ex-
tension, and (7) knee bend. Two maximal efforts were allowed at each position with a
one-minute rest between each effort. The best result was recorded. The sum of shoulder
adduction and shoulder abduction on both the right and left sides was calculated as a
measure of the upper extremities’ isometric strength. The sum of hip flexion, hip abduction,
hip adduction, knee extension, and knee bend on both sides was calculated as a measure
of the lower extremities’ isometric strength. Isometric strength of the upper and lower
extremities was used for the analysis.

2.6. Maximal Aerobic Power

The aerobic test was performed in a recumbent stationary cycle ergometer (Ergociser,
Model Ec-3500, Cateye, Osaka, Japan) according to the adjusted ACSM cycle ergometer
protocol [13]. The cycling pace was kept at 50 rpm. Cycling started at 25 Watt, and the
intensity was increased by 25 Watt every 3 min until the participant could no longer keep
up the cycling pace. Heart rate (Polar A300, 70FF7C15, Polar Electro Oy, Kempele, Finland)
and Borg scale were monitored and recorded throughout the aerobic performance test.

2.7. Body Composition

Dual X-ray absorptiometry (DXA) was performed to assess body composition (Lunar
Prodigy, General Electrics Medical Systems, Madison, WI, USA). After calibration, the
patient was placed in a supine position within the absorptiometry frame. A total body,
lumbar, and femur scan was performed. Lunar Prodigy software (Prodigy, encore, ver-
sion 18, General Electrics, Madison, WI, USA) was used for data analysis. Total mass, total
lean body mass, lean body mass of the upper extremities, lean body mass of the lower
extremities, lean body mass of the trunk, and total fat mass were determined, as well as
bone density for total body, lumbar L2–L4, and femur. Lean body mass index (kg/m2) was
calculated according to the following formula: lean body mass (kg) divided by the square
of height (m2). The ICC for body composition and bone density is 0.99.
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2.8. Health-Related Quality of Life

Health-related quality of life was measured with the QLQ-C30 version 3.0 ques-
tionnaire. QLQ-C30 is recommended by the European Organization for Research
and Treatment of Cancer for cancer patients. The score range is 0 to 100 and the
three main categories were assessed: (a) global health, (b) functional scale (physi-
cal/role/emotional/cognitive/social functioning), and (c) symptoms (fatigue/nausea and
vomiting/pain/dyspnea/insomnia/appetite loss/constipation/diarrhea/financial diffi-
culties). For categories (a) and (b), a high-value result represents better health level and
functioning status, respectively, while for category (c), a high-value result represents worse
health-related problems.

2.9. Blood Analysis

Blood samples were acquired through venipuncture during the morning hours, before
the start of the maintenance therapy and at the end of the intervention. Tubes containing
ethylenediaminetetraacetic acid (EDTA) were used for the collection of blood samples. A
hematology analyzer (Beckman Coulter DxH 690T, Brea, CA, USA) was used, and the
concentration of white blood cells and percentages of neutrophils, lymphocytes, monocytes,
eosinophils, and basophils were calculated. In addition, the concentrations of red blood
cells and platelets were also used for the analysis.

2.10. Flow Cytometry

MRD analysis was performed with next-generation flow cytometry [14]. Nucleated
cells were isolated from bone marrow aspirates, using the bulk lysis protocol, and their
viability was assessed with trypan blue. Cell viability in processed samples was at least
95%. The cell suspension containing 20 × 106 nucleated bone marrow cells was equally
divided into two distinct tubes and stained with fluorescent antibodies according to the
EuroFlow guidelines for MRD assessment in multiple myeloma [15]. In brief, the panel
used for both tubes comprised CD19-PECy7 (J3-119, Beckmann Coulter, Nyon, Switzer-
land), CD56-PE (C5.9, Cytognos, Salamanca, Spain), CD38-FITC (multi-epitope, Cytognos),
CD45-PerCPCy5.5 (HI30, BD Biosciences, San Jose, CA, USA), CD138-BV421 (MI15, BD
Biosciences), and CD27-BV510 (O323, BioLegend San Diego, CA, USA), while CD117-APC
(104D2, BD Biosciences) and CD81-APCC750 (M38, Cytognos) were used for the surface
tube, and CyIgκ-APC (polyclonal, Dako, Glostrup, Denmark) and CyIgλ-APCC750 (poly-
clonal, Cytognos) for the intracellular tube. Stained samples were acquired in a 3-laser BD
FACSCanto II (BD Biosciences) clinical flow cytometer and a minimum of 5 × 106 events
were recorded per tube. EuroFlow’s standard operating procedure (SOP) was used for
setting the photomultiplier tube (PMT) voltages and spillover compensation set-up, and
day-to-day reproducibility was ensured with CS&T beads (BD Biosciences). Analysis of
the FCS files was conducted with the Infinicyt software, version 2.0.6 (Cytognos). In MRD
positive samples, at least 20 clonal plasma cells were detected.

In the same FCS files, the bone marrow microenvironment was also analyzed. A
total of 17 bone marrow cell populations (including plasma cells) were phenotypically
characterized for each sample, i.e., B cells and their subsets (B-cell precursors, naive and
memory B cells), T cells and NK/NKT cells and their respective CD27+ compartments,
erythroblasts, erythroid and myeloid progenitors, mast cells, monocytes, neutrophils, and
eosinophils, based on the expression of specific markers as previously described [16].

2.11. Statistical Analysis

Data are presented as mean and standard deviation (mean ± SD). Statistical analysis
was performed with SPSS version 21.0 software (SPSS Inc., Chicago, IL, USA). Normal
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distribution was confirmed with the Kolmogorov–Smirnov test. Correlation analysis was
performed, and r Pearson coefficients were calculated. The p values were automatically
calculated from SPSS [17]. Significance was accepted at p ≤ 0.05 using a 2-tailed test design.

3. Results
3.1. Physical Function

The 6 min walking distance was 500.7 ± 78.7 m. The handgrip strength for the right
arm was 34.4 ± 8.8 kg, for the left arm it was 34.0 ± 7.7 kg, and the sum of right and
left handgrip isometric strength was 68.3 ± 16.3 kg. Upper body isometric strength was
44.1 ± 12.4 kg, while lower body isometric strength was 148.0 ± 36.5 kg. Maximal aerobic
power was 95.2 ± 29.2 Watt.

3.2. Body Composition

Total body lean mass was 49.7 ± 9.3 kg, and the lean body mass index was
46.7 ± 9.3 kg/m2. Specifically, the lean body mass of the upper extremities was 5.7 ± 1.5 kg,
the lean body mass of the lower extremities was 16.3 ± 3.2 kg, and the lean body mass of
the trunk was 24.2 ± 4.4 kg. Fat mass was 29.0 ± 9.0 kg. The bone density of the total body
was 1.20 ± 0.14 g/cm2, the bone density of the spine was 1.07 ± 0.14 g/cm2, and the bone
density of the femur was 0.96 ± 0.13 g/cm2.

3.3. Health-Related Quality of Life

Analysis of the QLQ-C30 questionnaire revealed that global health was 72.5 ± 13.4%,
physical function was 73.3 ± 16.7%, role functioning was 69.6 ± 30.2%, emotional func-
tioning was 84.8 ± 18.7%, and cognitive functioning was 85.3 ± 20.3%. In addition, social
functioning was 69.6 ± 20.6%, fatigue was 31.4 ± 24.3%, the score for nausea and vomiting
was 3.1 ± 9.1%, pain was 20.6 ± 17.2%, and dyspnea was 35.3 ± 27.6%. In addition,
insomnia was 15.7 ± 20.8%, appetite loss was 4.2 ± 11.4%, constipation was 10.4 ± 20.1%,
diarrhea was 2.1 ± 8.3%, and the score for financial difficulties was 17.7 ± 20.8%.

3.4. Bone Marrow Immune Cells

Immune cell types in the bone marrow were calculated as percentages of the nucleated
cells. Twenty immune cell populations are shown in Figure 1. Five patients were MRD
positive and eleven were MRD negative.
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Plasma cells −0.34 −0.20 0.00 −0.23 0.18 
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Figure 1. The distribution of twenty cell populations in the bone marrow of multiple myeloma
patients after first-line treatment (N = 16). Values are presented as mean ± SD. NPCs, normal plasma
cells; APCs, abnormal plasma cells; NK, natural killer cells; NKT, natural killer T cells.
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3.5. Peripheral Blood Cells

The concentration of white blood cells was 4.8 ± 1.5 × 109 cells/L. The percentage
of neutrophils was 56.7 ± 10.9%, the percentage of lymphocytes was 27.4 ± 10.2%, the
percentage of monocytes was 11.7 ± 3.5%, the percentage of eosinophils was 3.6 ± 2.3%,
and the percentage of basophils was 0.6 ± 0.3%. The red blood cell concentration was
4.4 ± 0.6 × 1012 cells/L, while the platelet concentration was 211.2 ± 54.7 × 109 cells/L.

3.6. Correlations Between Bone Marrow Immune Cells and Physical Function

Performance in the 6 min walking test was not correlated significantly with any of
the bone marrow immune cell types (Table 2, p > 0.05). The sum of right and left handgrip
strength was not correlated with the percentages of the cell populations in the bone marrow
(Table 2, p > 0.05). Upper or lower body isometric strength was not correlated with the
bone marrow microenvironment (Table 2). No significant correlation was found between
maximal aerobic power and bone marrow immune cells (Table 2).

Table 2. r Pearson coefficients between twenty immune cell populations in the bone marrow and
physical function components of multiple myeloma patients after first-line treatment (N = 16).

% of Bone
Marrow
Nucleated Cells

6MWT Handgrip
RH+LH

Isometric
Strength

UB

Isometric
Strength

LB

Maximal
Aerobic
Power

Plasma cells −0.34 −0.20 0.00 −0.23 0.18
NPCs −0.34 −0.19 0.00 −0.23 0.17
APCs 0.38 −0.17 0.03 0.27 0.20
Mast cells −0.28 0.01 0.18 0.00 0.39
Myeloid
progenitors 0.08 −0.34 −0.10 −0.13 0.09

B cells −0.12 −0.35 −0.40 −0.56 −0.07
B cell precusors −0.17 −0.38 −0.38 −0.63 −0.11
Naïve B cells 0.08 −0.08 −0.30 −0.12 0.12
Memory B cells 0.32 −0.18 −0.24 0.28 −0.03
T cells −0.08 −0.22 −0.09 0.17 0.09
CD27− T cells −0.08 −0.26 −0.15 0.12 0.08
CD27+ T cells 0.03 −0.05 0.04 0.19 0.09
NK/NKT cells −0.23 0.04 −0.08 0.29 0.15
CD27− NK/NKT −0.19 0.04 −0.13 0.27 0.14
CD27+ NK/NKT −0.26 0.01 0.16 0.20 0.12
Erythroblasts 0.47 −0.21 −0.01 0.26 0.17
Erythroid
progenitors 0.22 0.24 0.24 0.13 0.28

Eosinophils −0.06 −0.11 −0.14 −0.48 −0.12
Monocytes 0.39 0.27 0.24 −0.09 0.31
Neutrophils −0.21 0.33 0.13 −0.11 −0.27

6MWT, 6 min walking test; RH, right hand; LH, left hand; UB, upper body; LB, lower body; NPCs, normal plasma
cells; APCs, abnormal plasma cells; NK, natural killer cells; NKT, natural killer T cells.

3.7. Correlations Between Bone Marrow Immune Cells and Health-Related Quality of Life

The percentage of CD27+ NK/NKT in the bone marrow was positively correlated with
physical function (r = 0.78, p = 0.005, Figure 2A) and role functioning (r = 0.69, p = 0.020,
Figure 2B), while it was negatively correlated with fatigue (r = −0.86, p < 0.001, Figure 2C),
pain (r = 0.68, p = 0.021, Figure 2D), and dyspnea (r = −0.80, p = 0.003, Figure 2E). No
significant correlations were revealed between the other parameters.
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Figure 2. Correlation between the percentage of CD27+ NK/NKT cells in the bone marrow with
(A) physical function, (B) role functioning, (C) fatigue, (D) pain, and (E) dyspnea (N = 11). NK,
natural killer cells; NKT, natural killer T cells.

3.8. Correlations Between Bone Marrow Immune Cells and Body Composition

The relationship between bone marrow immune cells and body composition pa-
rameters was calculated in 16 multiple myeloma patients. No significant correla-
tions were revealed between the percentages of bone marrow immune cells and body
composition parameters.

3.9. Correlations Among Peripheral Blood Cells, Physical Function, Health-Related Quality of Life,
and Body Composition

Peripheral blood cells were not correlated with the 6 min walking test, the handgrip
isometric strength, the upper or lower isometric strength, and the maximal aerobic capacity
(N = 21, p > 0.05). Similarly, peripheral blood cells were not related to the 15 components of
the quality of life questionnaire (N = 21, p > 0.05). Finally, peripheral blood cells were not
correlated with the lean body mass components, the fat mass, and the bone density of the
total body, spine, or femur (N = 21, p > 0.05)

No significant correlations were found between quality of life and physical function
components (N = 16, p > 0.05). Fatigue was negatively correlated with lean mass (N = 16,
r = −0.51, p = 0.045), lean body mass index (N = 16, r = −0.58, p = 0.018), and the lean mass
of the trunk (N = 16, r = −0.50, p = 0.047). There were no other significant correlations
between the quality of life and body composition.

As expected, patients’ lean body mass was correlated with physical performance. For
example, the sum of right and left handgrip isometric strength was correlated with the total
lean mass (N = 2, r = 0.72, p < 0.001), the lean mass index (N = 21, r = 0.72, p < 0.001), the
lean mass of the hands (N = 21, r = 0.76, p < 0.001) the lean mass of the legs (N = 21, r = 0.72,
p < 0.001), the lean mass of the trunk (N = 21, r = 0.65, p = 0.001), and the total body bone
density (N = 21, r = 0.53, p = 0.014). Similarly, maximal aerobic capacity was correlated
to the total lean mass (N = 21, r = 0.63, p = 0.002), the lean mass index (N = 21, r = 0.63,
p = 0.002), the lean mass of the hands (N = 21, r = 0.68, p < 0.001) the lean mass of the legs
(N = 21, r = 0.62, p = 0.003), and the lean mass of the trunk (N = 21, r = 0.66, p = 0.001).
Finally, total isometric strength was correlated with lean body mass index (N = 21, r = 0.54,
p = 0.012), the lean mass of the hands (N = 21, r = 0.43, p = 0.049), the lean mass of the legs
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(N = 21, r = 0.64, p = 0.002), and the lean mass of the trunk (N = 21, r = 0.54, p = 0.012). There
were no other significant correlations between physical function and body composition.

3.10. The Percentage of CD27+ NK/NKT Cells, Quality of Life Parameters, 6 Min Walking
Distance, Total Handgrip Strength, Lean Body Mass, and Bone Density According to
Treatment-Based Groups

Three treatment-based subgroups were defined according to the main first-line ther-
apy: “proteasome inhibitor-based”, “immunomodulatory drug-based”, and “anti-CD38
antibody-based” (Table 1). The percentage of CD27+ NK/NKT cells and five quality of life
parameters are presented in Figure 3. The 6 min walking distance, total of right and left
handgrip strength, lean body mass, and bone density are presented in Figure 4.
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Figure 3. The percentage of CD27+ NK/NKT cells (A) and five parameters of the QLQC30 question-
naire (B–F) according to three first-line treatment-based subgroups, in multiple myeloma patients. NK,
natural killer cells; NKT, natural killer T cells; PI, proteasome inhibitors; IMID, immunomodulatory
drugs; anti-CD38, anti-CD38 monoclonal antibody.
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drugs; anti-CD38, anti-CD38 monoclonal antibody.
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4. Discussion
The purpose of this study was to investigate if the bone marrow microenvironment

correlates with the physical function and the quality of life in multiple myeloma patients.
The main finding of the study was that the percentages of bone marrow immune cell popu-
lations were not correlated with physical function, but the percentage of CD27+ NK/NKT
cells was correlated with health-related quality of life of multiple myeloma patients.

The percentage of NK/NKT cells in the bone marrow was correlated positively with
two factors of the quality of life questionnaire, physical function, and role functioning,
while they were negatively correlated with three factors, fatigue, pain, and dyspnea. The
NK/NKT population includes both NK cells and a subpopulation of T cells expressing
both T and NK markers, called NKT cells [18]. NK cells have a strong anti-myeloma
activity; however, myeloma cells can develop mechanisms to avoid NK cell responses
and proliferate [19]. Changes in the bone marrow microenvironment induced by the
disease move NK cells away from the bone marrow and reduce the immune response
against myeloma cells in mice with multiple myeloma [9]. Additionally, NKT cells also
possess anti-myeloma activity, while their reduced activity is connected with worse dis-
ease states in multiple myeloma patients [18]. The CD27 receptor is mostly expressed on
CD56bright NK cells, implying an immunomodulatory role and an involvement in cytokine
release [20,21]. Also, CD27 is a co-stimulatory receptor expressed on the T cell surface after
binding with antigen-presenting cells, indicating that a CD27+ T cell (or CD27+ NKT cell
in our case) is in the process of activation [22,23]. This suggests that a higher percentage of
CD27+ NK/NKT cells in the bone marrow could indicate an improved anti-myeloma
immune surveillance, preventing disease expansion and disease symptoms such as hyper-
calcemia, renal failure, anemia, and bone disease, which in turn leads to better health-related
quality of life. It is important to note that this correlation refers to the NK/NKT population,
and not the NK or NKT populations separately. Even though there is no evidence that
CD27+ NK/NKT cells improve myeloma outcome, this finding might potentiate the utility
of these cells for clinical implications. Specifically, it could be investigated if the presence
of CD27+ NK/NKT cells could be used as a prognostic biomarker for multiple myeloma
patients or if their increase in the bone marrow microenvironment could be used as a
therapeutic target. Previous studies found similar percentages of the immune cell types
in the bone marrow of multiple myeloma patients [5], as well as similar quality of life
scores [24], although this is the first study investigating the possible connection between
bone marrow immunity and quality of life in these patients.

To investigate the possible influence of the heterogeneity in first-line treatments, a
subgroup analysis with descriptive statistics was performed according to the main therapy.
No obvious trends were observed among the three research groups for CD27+ NK/NKT
cells and the five parameters of the questionnaire (physical function, role functioning,
fatigue, pain, and dyspnea, Figure 3). However, it should be mentioned that this was
only an additional explanatory analysis for the present study. The sample size limits the
ability to draw definitive conclusions about treatment effects, although it can be useful for
future research.

Physical function was measured through the 6 min walking distance, handgrip, iso-
metric strength, and maximal aerobic power. The hypothesis was that a higher presence of
anti-myeloma immune cells would result in better disease status, leading to improved phys-
ical function. However, the study found no correlation between any of the bone marrow
cell types and the four physical function assessments mentioned above (Table 2). It implies
that physical function is mainly dependent on other factors such as bone strength, muscle
mass, neural coordination, and psychological parameters. Indeed, handgrip strength was
correlated with bone density. This implies that a higher bone density is partly responsible
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for patients’ better physical function. Poor bone density, as one of the myeloma symp-
toms, induces bone lesions [25] and, thus, the function of a patient’s daily life is reduced.
Conversely, higher bone density indicates less bone weakness and increased daily activity.
Previous studies reported similar bone density values in multiple myeloma patients [26]. Fi-
nally, the 6 min walking distance, the handgrip isometric strength and bone density did not
seem to have a notable trend among the three treatment-based subgroups (Figure 4A,B,D).

Similarly, handgrip strength, maximal aerobic capacity, and isometric strength were
correlated with lean body mass. Lean body mass is the sum of water, ligaments, tendons,
internal organs, and total muscle mass. Lean body mass is a representative index of
muscle mass [27]. So, a patient with a higher lean body mass value seems to have more
muscle mass than a patient with a lower one. Muscle mass is correlated with increased
movement performance in daily activities [28], leading to better physical functioning.
Finally, the subgroup analysis based on the main first-line treatment did not reveal any
obvious tendency in lean body mass among the three groups (Figure 4C).

The mean value of lean body mass found in the present study is high compared to a
healthy non-exercised population or multiple myeloma patients [26]. However, this group
of patients did not exercise regularly, muscle mass could not be increased during their
treatment, and their profile was not that of a trained person. The high lean body mass
could be explained by a higher amount of body water, another component of the lean body
mass. Medical treatment could possibly cause it, as a swelling condition, although there
are no data from this or previous studies to support this hypothesis.

The strong correlation found between isometric handgrip strength and lean body mass
indicates that handgrip assessment could be a sarcopenia marker in multiple myeloma
patients. This has already been proposed by the European Working Group on Sarcopenia
in Older People [29]. This is an important finding, since sarcopenia is connected with
cardiovascular problems [30], and low muscle mass was associated with higher disease
stage, renal failure, anemia, and worse overall survival [31] in multiple myeloma pa-
tients. Additionally, handgrip assessment is a low-cost and easily performed measurement
for patients.

Previous studies found similar values of physical function in multiple myeloma pa-
tients after first-line treatment. More specifically, a study found a similar mean value of the
6 min walking distance in multiple myeloma patients who were assessed at diagnosis [32]
or seventeen months after hematopoietic stem cell transplantation [33]. Another study
found that handgrip strength values were also similar [34]. However, the maximal aerobic
power of the present study was slightly lower than in previous findings [34], possibly due
to the recombinant type of bicycle used in the present study.

Finally, lean body mass was negatively correlated with fatigue, indicating that higher
muscle mass reduces fatigue in multiple myeloma patients. Exercise training such as resis-
tance training or bicycling increases muscle mass in healthy populations [35,36]. Therefore,
it is possible that exercise training programs could be used to enhance lean body mass in
multiple myeloma patients, thereby reducing fatigue. A previous study investigated the
effect of three months of supervised exercise training [37] in multiple myeloma patients.
The program consisted of 30 min of aerobic training at 50–75% of maximum heart rate on a
treadmill, bicycle, or stepper, along with total body resistance training with free weights,
body weight, or bands. However, the study found that there was no change in muscle
mass or fatigue levels either during the exercise program or after unsupervised training
three months later [37]. Another study with similar training intervention found no change
after three months, but fatigue was improved after six months, although muscle mass was
not measured [38]. Despite this, more research is needed to explore the effects of different
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exercise modalities, intensities, and disease statuses on muscle mass and fatigue levels in
multiple myeloma patients.

In the present study, the profile of the bone marrow microenvironment was deter-
mined by measuring the percentages of the major bone marrow cell populations with
next-generation flow cytometry. The function, anti-tumor activity, proliferation, or cytotoxi-
city of immune cells were not evaluated here, and there is no conclusive evidence to suggest
whether these functional parameters are correlated with the quality of life and physical
function of multiple myeloma patients. Also, all measurements were evaluated after the
initial medical treatment and hematopoietic stem cell transplantation, which aimed to
eliminate myeloma cells and restore the bone marrow microenvironment.

The patients of the present study were at the same stage of the disease, but had
received various medical treatments, and the total sample size was small. However, these
correlations had not been investigated before. Similar measurements should be conducted
in the future with more participants following the same medical treatment. Also, future
research should investigate other disease states, like diagnosis or relapse, to determine these
relationships. Last but not least, according to the present findings, longitudinal studies
evaluating the change in CD27+ NK/NKT cells over time and interventional studies
assessing the impact of therapeutic treatments targeting these cells should be instigated.

5. Conclusions
In conclusion, the percentages of major cell populations in the bone marrow microen-

vironment are not correlated with the physical function of multiple myeloma patients after
first-line treatment. Physical function, as measured by physical tests, is correlated with
other factors such as lean body mass. On the other hand, the increased percentage of CD27+
NK/NKT cells, which is possibly associated with stronger immune surveillance in the bone
marrow, is correlated with better quality of life in multiple myeloma patients.
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