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THE PSOAS MUSCLE INDEX AND
RETROSPECTIVE CLINICAL FRAILTY SCALE
SCORE PREDICT OVERALL SURVIVAL IN
PATIENTS WITH MULTIPLE MYELOMA

ABSTRACT
Introduction: Using the retrospective Clinical Frailty Scale (CFS) to assess
frailty and the psoas muscle index (PMI) to determine sarcopenia status are
new concepts. Since the cut-off values of the PMI differ by race, populationspecific cut-offs are recommended. We aimed to investigate the prognostic
significance of retrospective CFS scores and sarcopenia status determined by
population-specific PMI cut-offs in patients with multiple myeloma (MM).
Materials and Method: We included 111 patients who met the inclusion
criteria. The patients’ PMIs were calculated by measuring the psoas muscle at
the level of the L3 vertebra on CT images. The CFS scores of the patients were
retrospectively determined.
Results: While 46 (41.4%) of the patients had sarcopenia, 79 (72%) were
frail. The median follow-up duration was 21.7 (1.51-74.97) months. The median
overall survival was 42.3 months. The risk of death was significantly higher in
patients with sarcopenia than in patients without sarcopenia (log-rank p=0.028,
HR: 2.43, 95% CI: 1.02–5.77), and frailty significantly affected overall survival
(HR: 3.28, 95% CI: 1.28–8.41, p=0.01).
Conclusion: Sarcopenia is a common finding in patients with MM. Both
retrospective CFS scores and sarcopenia status, as determined by the PMI,
were significantly associated with overall survival in patients with MM.

Keywords: Multiple Myeloma; Sarcopenia; Frailty.
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INTRODUCTION
Multiple myeloma (MM) is a malignant disease
characterized by increased plasma cells in the bone
marrow. The spectrum of this disease is broad. Patients with MM may present with many findings,
such as anemia, hypercalcemia, renal disease, fatigue, weight loss, and bone pain[1]. The concepts
of frailty and sarcopenia are essential in determining prognosis and treatment strategies and predicting treatment complications for patients with solid
tumors[2, 3]. Recent studies have shown that frailty
is also crucial in determining the prognosis of patients with MM[4]. However, few studies have evaluated the effects of sarcopenia in these patients.
Sarcopenia refers to decreased muscle size and
function. It is associated with mortality, disability,
falls, a decline in physiological reserve, and low
quality of life, especially in the elderly population.
Recent studies on solid tumors have shown that
low skeletal muscle mass is correlated with worse
clinical outcomes regardless of age[5, 6]. According
to the European Working Group on Sarcopenia in
Older People (EWGSOP2) algorithm, CT (Computed Tomography) is the gold standard to verify sarcopenia[7]. CT-based muscle measurements can be
efficient when CT is used routinely for diagnosis and
follow-up, such as in patients with malignant diseases. Measuring the total cross-sectional muscle area
from the L3 vertebra alignment, as defined by Prado
et al., is associated with overall survival and adverse
outcomes, and was also found to be highly correlated with total body muscle mass[6]. Subsequently,
studies have shown that measuring only the psoas
muscle area rather than the entire muscle area is
quite simple and valuable in some cases[8, 9]. The
cut-off values for psoas muscle measurements remain unclear and vary by race. Thus, the EWGSOP2
recommended this topic as a high-priority study
area. A study conducted by Bahat et al. demonstrated that the psoas muscle index (PMI) cut-off values
in the Turkish population differed from the cut-off
values recommended by Prado et al.[10].

Frailty is a syndrome that involves a general decrease in body functions. It is well known that frailty is
a cause of sarcopenia, especially in elderly patients.
The most widely used tool for frailty screening is the
Clinical Frailty Scale (CFS). In this scoring system,
patients are given one point (very fit) to nine points
(terminally ill). The CFS is a reliable frailty screening tool in the Turkish population[11]. A validation
study emphasized that retrospective use of the CFS
is highly reliable[12]. Although many studies in the
literature have shown that clinical frailty scores help
predict prognosis, overall survival, and treatment
toxicities in MM, there is not yet a study on the use
of a retrospective CFS in patients with MM[13, 14].
This study aimed to determine the relationships
among sarcopenia, frailty and overall survival in patients with MM.
MATERIALS AND METHOD
Sample and study design
Among the 157 patients diagnosed with MM at
the Mersin University Department of Hematology
between 2015 and 2020, we included 111 patients.
The inclusion criteria were as follows: patients who
underwent PET/CT for bone surveys at the time of
diagnosis and were started on the Cybord chemotherapy protocol (weekly bortezomib, cyclophosphamide, and dexamethasone). Demographic characteristics, the initial evaluation of MM, the genetic
risk category, and survival after diagnosis were recorded. We excluded patients who underwent an
imaging method other than PET/CT at the time of
diagnosis (24 patients), patients who did not accept
treatment (11 patients), patients who had received
a chemotherapy protocol other than Cybord (9 patients), and patients with poor image quality at the
level of the L3 vertebra (2 patients).
Frailty assessment
Rockwood et al. developed the CFS to determine frailty status according to patients’ cognition,
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physical examinations, comorbidities, and disabilities[15]. The CFS scores of the patients were retrospectively determined, based on a retrospective
CFS validation study by Stille et al.[12]. CFS scores
range from one to nine points (Level-1: very fit,
Level-2: fit, Level-3: managing well, Level-4: living
with very mild frailty, Level-5: living with mild frailty,
Level-6: living with moderate frailty, Level-7: living
with severe frailty, Level-8: living with very severe
frailty, Level-9: terminally ill). The validity and reliability of this scale were previously reported in the
Turkish population[11]. Each point on this scale corresponds to a written description of frailty, complemented by a visual chart to assist with frailty classification. CFS scores were calculated for each patient
based on clinical judgment. Patients who scored
1–3 were classified as normal; patients who scored 4
were scored as vulnerable; and patients who scored
≥ 5 were classified as frail. In our study, the patients
were divided into two groups based on their frailty
status (frail for scores >3 and robust for scores ≤3).

Ethical approval
This study was conducted in compliance with
the principles of the Declaration of Helsinki. It was
approved by the Mersin University Faculty of Medicine’s Ethics Committee (Decision date: 14.10.2020
Number:2020/708).
Statistical analysis
Data distribution characteristics were evaluated using the Kolmogorov-Smirnov test, skewness
and kurtosis assessment, coefficients of variation,

Figure 1. Demonstration of the left and right psoas muscle borders at the level of the L3 vertebra (CT
image)

CT image analysis and sarcopenia assessment
The right and left psoas muscle borders were
manually drawn by co-author FDA (a board-certified radiologist) on CT images at the level of the L3
vertebra. The images were analyzed using ExtremePACS version 3.4 (Hacettepe Teknokent, Turkey).
The left psoas area (LPA) and right psoas area (RPA)
values were obtained in mm2. The average densities
of the right and left psoas muscle were measured in
Hounsfield units (HU) (Figure 1).
The PMI was calculated in mm²/m² using the following equation: PMI = (RPA + LPA) / height². The
Hounsfield unit average calculation (HUAC) was obtained using the formula [(right mean psoas density
× RPA) + (left mean psoas density x LPA)] / (RPA +
LPA). A PMI <540 mm²/m² for men and <360 mm²/
m² for women were the cut-off points to define sarcopenia according to a Turkish population study[10].
L3: Corpus of the 3rd lumbar vertebra
R: Right psoas muscle
L: Left psoas muscle
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probability plots, and histograms. The PMI and CFS
scores were not normally distributed. Median (minimum-maximum) or mean (standard deviation) were
used to describe continuous variables, and frequency and percentage were used when defining
categorical variables. Student’s t-test was used to
differentiate the means of two independent groups,
and an ANOVA was used to compare the means of
more than two separate groups. When differences
were detected with an ANOVA, Tukey’s test was
used as a post hoc test. Chi-square tests were used
to evaluate the relationships between categorical
variables. The data were non-normally distributed;
therefore, Spearman’s analysis was used. To interpret the Spearman’s rho (r) coefficient, we used the
following benchmarks: 0–0.20, poor correlation;
0.21–0.40, fair correlation; 0.41–0.60, moderate correlation; 0.61–0.80, substantial/strong correlation;
and 0.81–1.0, near-perfect correlation. To determine
the effects of impact factors on survival, the log-rank
test, the test statistic in the Kaplan-Meier method,
was used. The time to reach a relevant event (death)
was measured in months of follow-up. A value of p
<0.05 was considered statistically significant. SPSS
22 version statistics package program was used to
analyze the data.

Table 1. Descriptive characteristics of the patients
Median (min–max)
Psoas Index

(mm2/m2)

424.87 (220.88-857.02)

Female

366.33 (220.89-560.08)

Male

585.21 (297.16-857.02)

CFS scores according to sarcopenia status
Sarcopenic (n=46, 41.4%)

5 (3-8)

Non-Sarcopenic (n=65, 58.6%)

4 (1-7)

HUAC (HU)

39.38 (24.1-62.42)

Female

38.26 (24-62)

Male

39.64 (24-54)

Body mass index
Female

25.00 (22.09-34.88)

Male
Body surface area

28.68 (18.75-45.79)
(m2)

1.84 (1.43-2.78)
n (%)

ISS stage

1

12 (10.8)

2

69 (62.1)

3

30 (27.1)

Death during follow-up

33 (29.7)

Renal failure at the time of diagnosis

49 (44.1)

History of ASCT

18 (16.2)

Abbreviations: ASCT: autologous stem cell transplantation,
CFS: Clinical Frailty Scale, HUAC: Hounsfield unit average calculation, ISS: International Staging System.

RESULTS
The median age of the patients was 64 (37–84)
years, and 57 (51.3%) of the patients were female.
67 (60.3%) of the patients were 65 years or older.
The patients’ demographic characteristics, laboratory and anthropometric values, and disease-specific findings at diagnosis are summarized in Table 1.
Sarcopenia was detected in 46 (41.4%) of the patients. There was a significant association between
sarcopenia and death (p=0.04).
There was a weak correlation between HUAC
and PMI (r=0.269, p=0.02). Neither HUAC nor PMI
correlated with Body Mass Index (BMI). The mean
HUAC was 41.44±8.11 and 36.98±7.13 in patients
with sarcopenia and without sarcopenia, respective-

ly (p=0.017). HUAC was not associated with survival.
The median follow-up duration of the patients
was 21.7 (1.51-74.97) months. The median overall
survival was 42.3 months. Patients without sarcopenia had not yet reached the median overall survival.
The mortality risk was significantly higher in patients
with sarcopenia than in patients without sarcopenia
(log-rank p=0.028, HR: 2.43, 95% CI: 1.02-5.77) (Figure 2). The one-year cumulative survival rates were
77% and 92% in patients with and without sarcopenia, respectively.
While 32 (28%) of the patients were robust,
79 (72%) of the patients were frail. When survival
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curves were examined separately according to CFS
category, frailty significantly affected overall survival (HR: 3.28, 95% CI: 1.28-8.41, p=0.01) (Figure 3).
There was a fair correlation between CFS score and
PMI (r=-0.464, p<0.001).
DISCUSSION
This was a rare study examining the association between sarcopenia (cross-sectional area by CT) and
overall survival in patients with MM. Since particular
attention is paid to muscle quality and quantity in
the EWGSOP2, we evaluated the PMI and HUAC
in patients with newly diagnosed MM. There was
a significant relationship between PMI and overall
survival in these patients. This study is the first to use
population-specific PMI cut-off values in patients
with MM. This is also the first study to show the re-

Figure 2. Comparison of overall survival between patients with and without sarcopenia
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lationship between retrospectively determined CFS
and overall survival in patients with MM.
Since MM is a hematological malignancy that
occurs mainly in the elderly population and immobility due to disease-related bone involvement is
common in these patients, the risk of sarcopenia is
high in these patients. In this study, the prevalence
of sarcopenia was 41.4%, which is similar to that observed in previous studies[16].
We found four studies in the literature on the
relationship between psoas muscle mass and overall survival in patients with MM[16-18]. Only one of
these studies demonstrated that low muscle mass
worsened overall survival[18]. However, tertiles were
used instead of population-specific cut-offs in that
study. Other studies were examined in detail. Takeoka et al. evaluated skeletal muscle indexes[16].

Figure 3. Comparison of overall survival according to retrospective Clinical Frailty Scale scores
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The cut-offs used by Williams et al. were unclear[17].
Bhamidipati et al. used tertiles[19]. The EWGSOP2
recommends the determination of PMI cut-offs
according to specific populations. A recent study
conducted by Bahat et al. with 601 healthy cases
revealed gender-specific PMI cut-offs in the Turkish
population[10]. We used these cut-off values in our
study. The fact that the cut-off values we used for
the PMI were determined in the Turkish population
increased the strength of this study.
Frailty is a geriatric syndrome that has been
reported to be associated with sarcopenia in the
EWGSOP2. Previous studies have shown that frailty is also associated with survival in patients with
MM[13, 20]. However, we could not find any studies
in the literature on the effect of retrospective CFS
scores on survival outcomes in patients with MM.
The CFS has previously been shown to be a valid
and reliable tool to measure frailty in the Turkish
population[11]. In a recent study by Stille et al., the
retrospective use of CFS was reliable in older adults
who were hospitalized[12]. We retrospectively determined the CFS scores in our patients and examined the mortality of these patients. As with sarcopenia, frailty influences mortality in these patients.
This study was crucial because it revealed that the
retrospective CFS score can be used to predict
mortality in patients with MM. More studies regarding the use of retrospective CFS scores to predict
the prognosis of patients with malignant diseases
are needed. On the other hand, there is an increasing number of studies in the literature showing that
frailty scores may be important when deciding on
autologous stem cell transplantation (ASCT) in patients with MM[21]. Among the ASCT eligibility criteria, PMI and CFS may be parameters that should
be emphasized.
The concept of muscle quality is gaining attention as a relatively new concept in the EWGSOP2.
The logic is that as adipose tissue in the muscle

increases, muscle quality decreases and density
changes. Many studies show that muscle density is
also associated with poor prognosis in patients with
solid tumors[22, 23]. Although a significantly weak
correlation between HUAC and muscle mass was
shown in this study, no effect on survival was observed. The cut-off values for HUAC remain a mystery, and new studies are needed.
The limitations of this study include its retrospective nature and relatively small sample size.
Since most patients did not have genetic results,
they could not be included in the analysis. Based
on studies showing that the PMI correlates with the
total skeletal muscle index, we did not measure the
total skeletal muscle index (SMI). Since the information on this subject remains unclear, we could
look at the correlation of PMI with total SMI measurement. Since we could not evaluate the patients
using physical performance tests, such as the timed
up and go test and the 400-m walking test, we could
not determine their severity of sarcopenia. Determining the severity of sarcopenia will be important
in future studies on this subject because the severity
of sarcopenia may be related to complications and
the overall survival of patients with MM. We also
did not evaluate chemotherapy-related toxicities.
Chemotherapy toxicity can be affected by sarcopenia[24, 25]. A prospective study with nutritional support and exercise interventions would be valuable
because the effects of treatment on mortality could
be investigated.
Sarcopenia is a common finding in patients with
MM. Since routine CT scans are performed before
treating MM, it is more practical to determine muscle mass with CT in these patients. It is also cheaper and less time-consuming than other methods of
evaluating sarcopenia. Sarcopenia can contribute
to determining the prognosis as a practical method by using the PMI and can be evaluated together
with frailty when arranging treatment.
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