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ABSTRACT
Purpose: The aim of this study is to assess the presence of sarcopenia in multiple myeloma (MM) patients both before and after
autologous stem cell transplantation (ASCT) and to investigate if ASCT is a causative factor for sarcopenia. This study is the frst to
examine the impact of ASCT on sarcopenia in individuals with MM via bioelectrical impedance analysis (BIA), computed to-
mography (CT), and performance tests simultaneously.
Materials and Methods: The prospective study was conducted from January 2022 to April 2023. The median duration of the
follow-up period was 12months. All of the participants were assessed for sarcopenia by BIA, CT, and performance tests at 1 month
(�2 weeks) prior to the conditioning regimen and 6months (�4 weeks) following the transplant. The EWGSOP 2018 guideline was
used for sarcopenia diagnosis.
Results: In the study, 102 patients who were ≥ 18 years and diagnosed with MM according to the criteria established by the
InternationalMyelomaWorking group (IMWG)were enrolled. Pre-ASCT, 47 (46%) patients and post-ASCT, 51 patients (50%) were
sarcopenic (p = 0.12). Pre-ASCT, a low skeletal muscle index (SMI) was identifed in 51% of the patients, and this percentage
increased to 56% after ASCT (p = 0.03). In multivariate analysis, female sex (odds ratio [OR]: 1.25; 95% CI: 1.12–1.38; and
p = 0.007), higher Hematopoietic Cell Transplantation-Specifc Comorbidity Index (HCT-CI) score (OR: 1.16; 95% CI: 1.04–1.29;
and p = 0.008), and lower body mass index (BMI) (OR per unit increase: 0.94; 95% CI: 0.88–0.99; and p = 0.045) were in-
dependently associated with sarcopenia.
Conclusions:Our study revealed a high prevalence of sarcopenia among individuals with MM.We demonstrated that individuals
with comorbidities, a low BMI, and female sex have a higher predisposition to sarcopenia. There was no increase in the occurrence
of sarcopenia after ASCT; however, SMI decreased.
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1 | Introduction

Multiple myeloma (MM), which is characterized by the neo-
plastic proliferation of clonal plasma cells, ranks as the second
most common hematological malignancy [1]. Constitutional
symptoms, such as exhaustion, weight loss, and pain, arise due to
the efect of diferentiated plasma cells and elevated levels of
cytokines in the bone marrow. Movement restriction and
pathological fractures arise as a result of osteolytic bone lesions.

Sarcopenia is characterized by the European Working Group on
Sarcopenia in Older People (EWGSOP) as the presence of both
reduced physical performance and/or diminished muscular
strength, together with a decrease in muscle mass [2]. Sarcopenia
is caused by immobilization and muscle loss, which are pre-
disposed to by advanced age, fatigue and chronic diseases [3].
The relationship between sarcopenia and many solid tumors has
been investigated. More attention has been paid to lymphoma
and allogeneic transplants in hematological cancers [4]. Con-
tradictory literature exists concerning the incidence and impacts
of sarcopenia among patients with MM. Autologous stem cell
transplantation (ASCT) is a critical stage in consolidation
treatment. However, there is limited research examining the
impact of ASCT onmusclemass and strength, as well as the efect
of sarcopenia on ASCT outcomes.

The commonly used techniques for determining muscle mass
include computed tomography (CT), bioelectrical impedance
analysis (BIA), dual x-ray absorptiometry (DXA), and magnetic
resonance imaging (MRI) [2, 5]. CT is considered the gold
standard imaging method [6]. BIA is the favored approach due to
its cost-efectiveness, convenience and ability to be repeated.
Tests such as handgrip strength and chair stand are utilized to
assess muscular strength, while gait speed and the timed get-up
and go test (TUG) etc. are employed to evaluate physical per-
formance [2, 7].

This study aimed to assess the presence of sarcopenia in MM
patients both before and after ASCT and to investigate if ASCT
is a causative factor for sarcopenia. Furthermore, the objective
was to ascertain the impact of sarcopenia on the duration of
post-transplant hospitalization and engraftment, as well as
identify the risk factors associated with sarcopenia. This study is
the frst to examine the impact of ASCT on muscle mass,
physical performance, and muscular strength in individuals
with MM.

2 | Methods

2.1 | Patient Selection

Our study included patients who were 18 years or older and
diagnosed with MM according to the criteria established by the
International Myeloma Working group (IMWG) [8]. These pa-
tients were scheduled to undergo ASCT in our clinic between
January 2022 and April 2023. The study included individuals
who had a left ventricular ejection fraction > 40% and did not
have any symptomatic cardiac diseases, had a carbon monoxide
difusion capacity > 50% and did not have any symptomatic
pulmonary disease. The individuals were eligible for ASCT.

The study excluded patients diagnosed with amyloidosis, re-
lapsed MM, those who had previously received ASCT or

allogeneic stem cell transplantation, individuals unable to un-
dergo strength tests due to physical deformity, patients with
hypervolemia caused by renal failure, and those with metal
implants in their bodies.

All of the patients included in the study provided their consent to
participate according to the regulations of our local ethical
committee.

2.2 | Study Design and Sarcopenia Defnition

One month (�2 weeks) prior to the conditioning regimen and
6months (�4 weeks) following the transplant, participants were
assessed for sarcopenia. The hematopoietic cell transplantation
comorbidity index (HCT-CI) was utilized to assess the risk score
and comorbidities of the patients prior to ASCT [9]. Each par-
ticipant was evaluated twice, once prior to the ASCT and once
afterward, using a BIA, muscle strength test, and physical per-
formance test. Contrast-enhanced thoracic-abdominal CT and/or
PET-CT were used.

The EWGSOP2 guideline defnes sarcopenia as the presence of
both low muscular strength and/or low physical performance,
together with reduced muscle mass [2]. Although EWGSOP2
proposes a staged classifcation (probable, confrmed, and
severe sarcopenia), in our study, individuals with decreased
muscle mass (identifed by BIA and CT) who had lowmuscular
strength and/or physical performance were classifed as sar-
copenic (Figure 1). This approach was chosen due to the
limited sample size, as further subdivision into three cate-
gories would have resulted in small subgroup numbers, po-
tentially reducing statistical power and increasing the risk of
Type II error.

2.3 | Body Composition Assessment by BIA

The BIA method was employed to ascertain the body com-
partments using the Body Composition TANITA-SC-240 MA
device (Tanita Corp., Tokyo, Japan). The Tanita device is
equipped with 8 electrodes and operates using a constant
current of 50 kHz. It evaluates the fat rate, muscle mass and
fat-free mass values for fve specifc parts of the body (right
and left arm, right and left leg, and trunk). This is done using
5 separate current waves. This gadget allows for the mea-
surement of 20 parameters, such as participants’ body weight,
body muscle mass and percentage, body fat mass and per-
centage, total body water, bone mass, and body mass index
(BMI), in a time frame of 30–60 s. Patients refrained from
intensive physical activity throughout the 24-h period before
to analysis. They consumed their fnal meal a minimum of
2.5 h prior, voided their bladder prior to the examination, and
removed all metallic items. The equation used to determine
skeletal muscle mass (SMM) was derived using the data
obtained from the BIA device.

The formula to calculate SMM (kg) is as follows: SMM (kg) =
(0.401 × [height2/resistance] þ [3.825 × gender]� [0.071 × age]
þ 5.102). In this formula, height is provided in centimeters,
resistance is measured in ohms, gender is represented by 1 for
males and 0 for women, and age is supplied in years.

The skeletal muscle mass index (SMI) may be calculated by
dividing the SMM by the square of the height (h) in square
meters (m2).
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According to the BIA, a skeletal muscle mass index (SMI) of
≤ 10.76 kg/m2 in males and ≤ 6.76 kg/m2 in women is classifed
as a low muscle mass index [2].

2.4 | Muscle Strength Assessment

A handgrip dynamometer (TAKEI 5401 Hand Dynamometer,
100 kg) was utilized to determine low muscle strength. The
volunteers exerted maximum force on the instrument using their
dominant hand, squeezing, and releasing it three times at in-
tervals of 2 minutes. The average of three measurements was
determined as muscular strength. Male patients were classifed
as having poor muscle strength if it was < 27 kg while female
patients were classifed as having low muscle strength if it was
< 16 kg [2].

2.5 | Evaluating Physical Performance

Physical performance tests allow for the assessment of not only
just muscular function, but also the peripheral and central
neurological systems, including balance [10]. The TUG was
employed for this aim. The volunteers were positioned in
a standard seat. The individuals were instructed to rise from their
seats, go a distance of 10 feet, pivot, and then return to a seated
position on the chair. If the total duration exceeded or was≥ 12 s,
it was classifed as low physical performance [10].

2.6 | Analyzing CT Images

As the present study was designed prospectively, follow-up
imaging was systematically scheduled and performed at 6

months after transplantation for all included patients. For PET/
CT examinations, only the CT component was used for skeletal
muscle analysis, independent of contrast administration. Axial
section images acquired from a PET/CT device (Siemens Biog-
raph Horizon) and 2-mm section thickness images obtained from
two diferent multi-slice computed tomography (MSCT) devices
(Toshiba Aquilion PRIME and Philips Ingenuity CT) were uti-
lized to generate measurements with 3D-Slicer (Version 5.6.1)
software. The potential efect of contrast media was neglected, as
it was considered unlikely to signifcantly infuence the difer-
entiation between muscle and adipose tissue. The psoas, para-
spinal muscles (erector spinae and quadratus lumborum), and
abdominal muscles (transverses abdominis, external and internal
oblique muscles, and rectus abdominis) were distinguished from
surrounding tissues and marked at the level of the third lumbar
vertebra (L3) using Hounsfeld units (HUs) ranging from �29 to
þ150. To ensure accurate measurements, muscle contours were
manually edited, and the area of muscle contained within the
section was measured (cm2) (Figure 2).

SMI was determined by dividing the muscle area at the L3 level
(measured in cm2) by the square of the individual’s height in
meters (measured in m2). A SMI of less than 38.5 cm2/m2 is
considered indicative of low muscle mass in women, whereas in
males, values below 52.4 cm2/m2 are acknowledged as indicative
of low muscle mass [11].

At diferent intervals, two radiologists with more than 10 years of
experience in the musculoskeletal system analyzed CT images
while remaining unaware of the patients’ clinical histories. Two

Patients

No sarcopenia

Sarcopenia

Low muscle mass
BIA: SMI for M ≤ 10.76 kg/m², F ≤ 6.76 kg/m²

CT/PET-CT: F < 38.5 cm²/m²; M < 52.4 cm²/m²

Yes

Yes

No

Low muscle strength
Handgrip strength (M < 27 kg, F < 16 kg)

and/or
Low physical performance

TUG > 12 sn

FIGURE 1 | Diagnostic algorithm for sarcopenia. Patients with low muscle mass (assessed by BIA and CT/PET-CT) were further evaluated for
muscle strength and physical performance. Sarcopenia was defned as low muscle mass with low muscle strength and/or low physical performance.
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observers conducted measurements across diferent cases. In-
terobserver agreement was not evaluated as part of this study.

2.7 | Mobilization of Stem Cells and Conditioning
Regimen for Transplantation

Subcutaneous granulocyte colony-stimulating factor (GCSF)
(10 μg/kg/day) was provided for mobilization, either alone or in
combination with cyclophosphamide. The goal was to mobilize
3 × 106 CD34þ cells/kg and this goal was successfully reached in
95.2% of the patients.

Sixty nine patients were mobilized with GCSF alone, while 33
patients were mobilized with a combination of GCSF and cy-
clophosphamide (1.5 g/m2 for two consecutive days). Twelve
patients unable to collect cells using these methods were ef-
fectively mobilized with plerixafor.

Melphalan was administered as a conditioning regimen at two
diferent doses: a low dosage of 140mg/m2 and a standard dose of
200mg/m2. Melphalan was administered at either a low or
standard dose based on the patients’ performance status,
comorbidities, and renal function.

2.8 | Assessment of Neutrophil and Platelet
Engraftment Days

Neutrophil engraftment was accepted as the frst day on which
the neutrophil count target of 0.5 × 109/L was reached for three
consecutive days; platelet engraftment was accepted as the day
when the target of 20 × 109/L was achieved without replacement.

2.9 | Statistical Analysis

Categorical variables were represented by the number (n) and
percentage (%), whereas numerical variables were represented by
the mean and standard deviation if the requirements for para-
metric tests were satisfed. If not, the median (mini-
mum–maximum) was used. To assess whether the variables
followed a normal distribution, the Kolmogorov–Smirnov test
was applied. Cross-tables are used to compare prevalence of
sarcopenia according to diferent age, BMI, ISS, and HCT-CI

categories. For independent categorical comparisons, Pearson’s
chi-square test was applied when ≥ 80% of expected cell counts
were ≥ 5; otherwise, Fisher’s exact test was used.

For continuous variables, pre- and post-ASCT comparisons were
performed using paired statistical tests, with the paired Student's
t-test applied to normally distributed variables and the Wilcoxon
signed-rank test used for non-normally distributed variables.
Changes in muscle mass, muscle strength, and functional test
categories before and 6months after ASCT were evaluated using
paired categorical analyses. Accordingly, the McNemar test was
applied for dichotomous variables, while the McNemar–Bowker
test was used for variables with more than two categories, as
appropriate.

Univariate and multivariate regression analyses were used to
investigate the associations between potential variables and
sarcopenia in patients before ASCT. Factors showing univariate
association with the outcome at issue (p < 0.2) were extracted as
candidate variables to be used in the multivariate analysis. The
data analysis was performed using the Statistical Package for the
Social Science (SPSS Inc, Chicago, Illinois, USA) Version 24.0,
and a p value of < 0.05 was considered signifcant.

2.10 | Ethical Considerations

This study received approval from the institutional ethical review
board (2021/14–25) and was performed in adherence to the
principles outlined in the Declaration of Helsinki. No artifcial
intelligence tools were used for study design, data analysis, or
interpretation.

3 | Results

3.1 | Patient and Disease Characteristics

In the study, 102 patients who matched the inclusion criteria
were enrolled. The average duration of the follow-up period was
12months. The median interval between the pre-ASCT sarco-
penia assessment and ASCTwas 14 days (range: 1–23 days). Post-
ASCT sarcopenia assessments were performed at a median of

(a) (b)

FIGURE 2 | Example of muscle area evaluated on CT in non-sarcopenic MM patient (a) and sarcopenic MM patient (b). The green lined area
contained psous, paraspinal muscles and abdominal wall muscles at the level of third lumber vertabra.
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6.1 months following transplantation (range: 5.2–7.3 months).
The patients’ median age was 57 years (min 34–max 75). Out of
the total number of patients, 80% were younger than 65 years old
and 91% of them had an HCT-CI score ranging from 0 to 2
(Table 1).

Melphalan at a dose of 200mg/m2 was administered as a con-
ditioning regimen to 68.7% of the patients (n= 70), while 31.3%
(n= 32) were administered a reduced dose of 140mg/m2 (Ta-
ble 1). Neutrophil engraftment was successfully accomplished in
all patients within an average of 10� 2 days, whereas platelet
engraftment was completed within 11� 3 days. The mean du-
ration of hospitalization was 23� 3 days. There was no signif-
cant diference observed in platelet/neutrophil engraftment days
and duration of hospitalization between patients with sarcopenia
and those without sarcopenia (Table 1).

A total of 64 out of 102 patients (62%) received lenalidomide/
bortezomib as part of their maintenance treatment. The 1-year
nonrelapse mortality rate was 2.9% (n= 3), with one patient
being sarcopenic and two patients not being sarcopenic.

Pre-ASCT, 47 (46%) patients were sarcopenic, and post-ASCT, 51
patients (50%) were sarcopenic (Table 2). Although there was an
increase in the prevalence of sarcopenia after ASCT, this increase
was not statistically signifcant (p = 0.12).

The incidence of sarcopenia in pre- and post-ASCT female pa-
tients was higher compared with male patients, and this dif-
ference was statistically signifcant (p = 0.001 and p = 0.008
respectively) (Table 2). In multivariate analysis, female sex (odds
ratio [OR]: 1.25; 95% confdence interval [CI]: 1.12–1.38; and
p = 0.007) and a higher HCT-CI (OR: 1.16; 95%CI: 1.04–1.29; and
p = 0.008) were independently associated with an increased risk
of sarcopenia, whereas higher BMI was independently associated
with a reduced risk (OR per unit increase in BMI: 0.94; 95% CI:
0.88–0.99; and p = 0.045). No signifcant association was ob-
served between sarcopenia and age or ISS stage.

The mean BMI in patients without sarcopenia was 26.4� 4.5,
while it was 24.5� 5.1 in those with sarcopenia (Table 3). It was
shown that higher BMI had a protective efect against sarcopenia
(OR: 0.94; 95% Cl: 0.88–0.99; and p = 0.045) (Table 2).

3.2 | Change of Muscle Mass Index

The mean values of pre-ASCT and post-ASCT BIA, CT, and SMI
for the patients are presented in Table 3.

A low SMI was identifed in 51% of the patients before ASCT, and
this percentage increased to 56% after transplantation. A re-
duction in mean SMI values was seen in both males and females
during post-transplant assessments (p = 0.03) (Table 3). There
was no signifcant correlation seen between SMI and ISS stage.

3.3 | Evaluation of Muscle Strength and Physical
Performance

Out of the 47 patients who identifed as pre-ASCT sarcopenia, we
observed that 12 patients had just low muscular strength, 26
patients had only low physical performance, and 9 patients had
low scores in both evaluations. There was no statistically sig-
nifcant diference in muscular strength and physical perfor-
mance after ASCT when compared with the data before to the
ASCT (p = 0.95).

According to the EWGSOP2-based classifcation, 34 patients
(33%) were identifed as having probable sarcopenia, 12 patients
(12%) as confrmed sarcopenia, and 9 patients (9%) as severe
sarcopenia.

4 | Discussion

Patients with MM exhibited a signifcant reduction in SMI fol-
lowing ASCT, according to this study. Nevertheless, there was an
increase in sarcopenia, but this rise did not reach statistical
signifcance. Sarcopenia was shown to be associated with female
gender and low BMI, which were recognized as independent risk
factors. There was no signifcant diference observed in the
duration of hospitalization, as well as the time it took for neu-
trophil and platelet engraftment, between patients with sarco-
penia and those without sarcopenia.

Several studies in the literature have examined the correlation
between solid malignancies, administered chemotherapies, and
sarcopenia [12]. There is a scarcity of studies undertaken on MM
patients, and the existing ones have conficting outcomes
[13, 14]. Our study is the frst prospective study examining the
impact of ASCT on muscle mass, physical performance, and
muscular strength in patients with MM.

Sarcopenia is a multifactorial disorder caused by complex
pathophysiological mechanisms. Sarcopenia is predisposed to be
caused by a decrease in exercise, insufcient intake of nutrients,

TABLE 1 | Patient’s characteristics.

Characteristics of the
patients

Value
(N= 102)

Age (years), median (min–max) 57 (34–75)
Gender n (%)
Men 46 (45.1%)
Women 56 (54.9%)

Age status n (%)
< 65 years 82 (80.4%)
≥ 65 years 20 (19.6%)

HCT-CI score n (%)
0–2 93 (91.2%)
≥ 3 9 (8.8%)

ISS, n (%)
Stage 1 35 (34.3%)
Stage 2 26 (25.5%)
Stage 3 41 (40.2%)

Melphalan dose n (%)
140mg/m2 32 (31.3%)
200mg/m2 70 (68.7%)

Time of engraftment (days) (mean� Sd)
Platelet ≥ 20 × 103/uL 11� 3
Neutrophil ≥ 0.5 × 103/uL 10� 2

Length of hospitalization (days)
(mean� Sd)

23� 3

Abbreviations: HCT-CI, Hematopoietic Cell Transplantation-Comorbidity Index;
ISS, International Scoring System; SD, standard deviation.
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weakened neuromuscular functions, apoptosis in muscle cells,
and hormonal changes associated with aging [2].

In healthy individuals, during bone remodeling, receptor acti-
vator of nuclear factor kappa-B ligand (RANKL) activates oste-
oclasts, whereas osteoprotegerin functions as a decoy receptor for
RANKL and attenuates RANKL-mediated bone resorption.
When myeloma cells infltrate the bone marrow, osteoprotegerin
production by stromal cells is reduced, and the enhanced activity
of RANKL leads to uncontrolled bone resorption [15]. As a result,
in patients with MM, a decrease in the secretion of osteopro-
tegerin and RANKL, an increased release of cytokines such as

IL3, IL-6, and CCL3, binding stromal derived factor 1 alpha to
CXCR4, enhance osteoclastic activity and bone resorption [15].
Changes in bone structure lead a decrease inmobility andmuscle
breakdown [15]. Ren et al. did study on rats and found that the
expression of the sclerosteosis (SOST) gene increased in myo-
blasts in MM, leading to sarcopenia [16].

Thus, we believe that patients with MM are prone to sarcopenia,
depending on the disease pathogenesis and complications. In line
with our prediction, the prevalence of sarcopenia before ASCT
was determined to be 46% among MM patients in this study.
Similarly, Williams et al. discovered the presence of pre-ASCT

TABLE 2 | Association of sarcopenia with patient characteristics.

Variable n
(%)

Before the onset of ASCT sarcopenia status
Sixth month after the onset of ASCT

sarcopenia status
Yes No p value Yes No p value

Gender
Male 12 (26.1%) 34 (73.9%) 0.001∗ 14 (30.4%) 32 (69.6%) 0.008∗

Female 35 (62.5%) 21 (37.5%) 37 (66%) 19 (34%)
Age
< 65 years 36 (43.9%) 46 (56.1%) 0.37 39 (47.5%) 43 (52.5%) 0.26
≥ 65 years 11 (55%) 9 (45%) 12 (60%) 8 (40%)

HCT-CI score
0–2 40 (43%) 53 (57%) 0.046∗ 44 (47.3%) 49 (52.7%) 0.133∗

≥ 3 7 (77.8%) 2 (22.2%) 7 (77.8%) 2 (22.2%)
ISS stage
ISS-1 14 (40%) 21 (60%) 0.62 18 (51.4%) 17 (49.6%) 0.61
ISS-2 12 (46.2%) 14 (53.8%) 11 (44%) 15 (56%)
ISS-3 21 (51.2%) 20 (48.8%) 22 (55%) 18 (45%)

BMI status
Obese 5 (33.3%) 10 (66.7%) 0.045∗ 3 (50%) 3 (50%) 0.045∗

Overweight 10 (34.5%) 19 (65.5%) 4 (25%) 12 (75%)
Normal 18 (41.9%) 25 (58.1%) 30 (46.8%) 34 (53.2%)
Under weight 14 (93.3%) 1 (6.7%) 14 (93.3%) 1 (6.7%)

Note: ISS: The International Staging System.
Abbreviations: ASCT, Autologous Stem Cell Transplantation; BMI: Body Mass Index; HCT-CI, Hematopoietic Cell Transplantation-Comorbidity Index; SD, standard
deviation.
∗p value < 0.05.

TABLE 3 | Patients’ characteristics pre and post transplantation by gender.

Variable Pre- ASCT mean� Sd Post- ASCT mean� Sd p value
BMI 0.76
For men 25.2� 3.6 24.1� 3.1
For women 25.8� 5.7 24.3� 4.2
SMI by BIA (kg/m2) 0.03∗

For men 14.1� 3.20 13.8� 3.22
For women 6.5� 1.70 6.82� 2.4
SMI by CT (cm2/m2) 0.01∗

For men 54.1� 7.27 51.5� 8.55
For women 38.2� 5.71 34.7� 6.51

Abbreviations: ASCT, autologous stem cell transplantation; BIA, bioelectrical impedance analysis; BMI, body mass index; CT, computed tomography; HCT-CI, Hema-
topoietic Cell Transplantation-Comorbidity Index; SD, standard deviation; SMI, skeletal muscle index.
∗p value < 0.05.
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sarcopenia in 51% of 142MM patients [14]. In a separate study
carried out in Germany, sarcopenia was reported in 112 (86%) out
of 129MM patients who received ASCT [13]. We believe that we
found the frequency of sarcopenia to be lower, both because our
methods of measuring muscle mass are diferent and because we
also included muscle strength and physical performance criteria
in our study.

There was no signifcant correlation seen between the incidence
of sarcopenia and the ISS stage and age. We believe that we did
not detect a signifcant link with age since the patients un-
dergoing ASCT generally were well-performing and middle-
aged.

The study identifed that being female is a risk factor for sar-
copenia both before and after transplantation (Table 3). Umit
et al. conducted a study where they analyzed PET/CT scans of
105MM patients at the L3 vertebra level [17]. They observed
a reduction in metabolic volume in women and an increase in
men after transplantation. Jabbour et al. further investigated
individuals with lymphoma [18]. They demonstrated that the
skeletal muscle area in males was higher than females and de-
creased after transplantation.

This study utilized both CT imaging to measure the muscular
area of the L3 vertebra and BIA technique to calculate the SMI in
order to assess muscle mass. Statistically, it was established that
there was a reduction in SMI after transplanting using both
procedures. According to the literature, it has also been reported
that BIA and CT are correlated with SMI results in colorectal
cancer patients [19]. Hence, we believe that both methods can be
employed in patients withMM, contingent upon the ability of the
physician.

This study found no statistically signifcant change in post-ASCT
muscle strength and physical activity. Kramer et al. demon-
strated a 6% reduction in muscle strength 1month after allo-
geneic transplantation as compared with pretransplantation
levels [20]. According to another study, there was an average
reduction of 5 kg in muscle strength after transplantation until
the patient was discharged [21]. Nevertheless, in both studies, the
assessment of muscular strength was conducted in the early
period after allogeneic transplantation. We believe that we did
not detect any diference in muscle strength since the condi-
tioning regimens in ASCT were lighter, fewer complications
occurred, and we evaluated at the 6th month.

Schulz et al. observed a reduction in grip strength during the 2-
month period after allogeneic transplantation in 26 patients.
However, they did not fnd any changes in physical performance.
In their study, it was shown that patients with sarcopenia had
extended durations of hospitalization and worse rates of survival
in comparison to individuals without sarcopenia [21]. In our
study, the average duration of hospitalization was greater in
patients with sarcopenia; however, the diference did not reach
statistical signifcance.

In this study, a signifcant association between sarcopenia and
engraftment time or length of hospital stay was not observed.
However, our analysis demonstrated that female sex, a higher
HCT-CI score, and lower BMI were signifcantly associated with
an increased risk of sarcopenia. We believe that this risk strat-
ifcation approach may contribute to improved supportive care
strategies in patients undergoing ASCT. Our aim is to raise

awareness among clinicians that patients with these character-
istics may beneft from closer monitoring and early supportive
interventions, including nutritional support, early physiotherapy
or rehabilitation programs, vitamin and mineral supplementa-
tion, and cautious use of corticosteroids when feasible.

Multiple studies have demonstrated the detrimental impact of
sarcopenia on both quality of life and survival. Lin et al. reported
that pre- and post-ASCT sarcopenia was associated with a rise in
NRM among patients with lymphoma [22]. The HOVON-123
research involved screening 220 elderly individuals with MM. It
was shown that having a low SMI and reducedmuscular strength
were linked to the premature discontinuation of treatment and
a decrease in overall survival [23]. Hence, we believe that the
identifcation of sarcopenia is crucial for guiding treatment de-
cisions and enhancing the results of treatment, as well as en-
hancing the overall quality of life for the patient.

4.1 | Study Limitations

We acknowledge that our study has certain limitations. First,
clinically relevant ASCT outcomes such as severe infections,
treatment-related toxicities, ICU transfer, mucositis severity,
rehospitalizations, treatment modifcations, quality of life,
functional recovery, and survival endpoints (PFS/OS) were not
systematically assessed. In addition, the relatively short median
follow-up period limits survival analyses. We did not segregate
sarcopenic obese individuals into distinct groups. We did not
categorize R-ISS according to patients’ cytogenetics. Several
potential confounding factors that may infuence muscle mass
and function during the frst 6 months following ASCT were not
systematically adjusted for in the present study. These include
infectious complications, physiotherapy or rehabilitation in-
terventions, nutritional support, disease relapse, or progression.
The scope of our investigation is limited to a single center.
Accordingly, the present fndings mainly describe the prevalence
and early risk profle of sarcopenia, and larger studies with longer
follow-up and comprehensive clinical endpoints are required to
determine its prognostic and therapeutic relevance.

5 | Conclusions

Our study revealed a high prevalence of sarcopenia among in-
dividuals diagnosed with MM.We demonstrated that individuals
with comorbidities, a low BMI, and female patients have a higher
predisposition to sarcopenia. There is no increase in the oc-
currence of sarcopenia after ASCT; however, there is a reduction
in SMI. Consequently, individuals with MM should undergo
assessment for sarcopenia during the whole process of diagnosis
and treatment. Adequate dietary and exercise assistance should
be given, especially after ASCT.
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