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Abstract

Background A common method for diagnosing sarcopenia involves estimating the muscle mass by computed tomog-
raphy (CT) via measurements of the cross-sectional muscle area (CSMA) of all muscles at the third lumbar vertebra
(L3) level. Recently, single-muscle measurements of the psoas major muscle at L3 have emerged as a surrogate for
sarcopenia detection, but its reliability and accuracy remain to be demonstrated.
Methods This prospective cross-sectional study involved 29 healthcare establishments and recruited patients with
metastatic cancers. The correlation between skeletal muscle index (SMI = CSMA of all muscles at L3/height2, cm2/
m2) and psoas muscle index (PMI = CSMA of psoas at L3/height2, cm2/m2) was determined (Pearson’s r). ROC curves
were prepared based on SMI data from a development population (n = 488) to estimate suitable PMI thresholds. In-
ternational low SMI cut-offs according to gender were studied for males (<55cm2/m2) and for females (<39 cm2/
m2). Youden’s index (J) and Cohen’s kappa (κ) were calculated to estimate the test’s accuracy and reliability. PMI
cut-offs were validated in a validation population (n = 243) by estimating the percentage concordance of sarcopenia
diagnoses with the SMI thresholds.
Results Seven hundred and sixty-six patients were analysed (mean age 65.0 ± 11.8 years, 50.1% female). Low SMI
prevalence was 69.1%. Correlation between the SMI and PMI for the entire population was 0.69 (n = 731,
P < 0.01). PMI cut-offs for sarcopenia were estimated in the development population at <6.6cm2/m2 in males and
at <4.8 cm2/m2 for females. The J and κ coefficients for PMI diagnostic tests were weak. The PMI cut-offs were tested
in the validation population where 33.3% of the PMI measurements were dichotomously discordant.
Conclusions A diagnostic test employing single-muscle measurements of the psoas major muscle as a surrogate for sar-
copenia detection was evaluated but found to be unreliable. The CSMA of all muscles must be considered for evaluating
cancer sarcopenia at L3.
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Background

Sarcopenia is defined as the loss of skeletal muscle mass and
function1 and is a common comorbidity in cancer.2 It is
associated with poor prognosis in cancer patients and an
increased risk of postoperative complications, treatment
intolerance, longer hospitalizations and diminishing quality
of life.3–7 Its impact becomes increasingly detrimental with
increasing severity and delay in management, which warrants
its diagnosis and treatment (via nutritional and/or
physiotherapeutic interventions) at the earliest opportunity.
A variety of methods exist for muscle mass estimation, which
can be expressed as total body skeletal muscle mass, appen-
dicular skeletal muscle mass or the cross-sectional muscle
area (CSMA) of selected muscle groups.1

Computed tomography (CT) is an imaging technique being
extensively investigated and implemented in the assessment
of muscle mass for sarcopenia diagnosis. The third lumbar
(L3) spinal segment is a primary site for CT muscle mass mea-
surements as this area includes all muscles (including the
psoas major, erector spinae, transverse abdominis, quadratus
lumborum, the obliques and rectus abdominus8–10). Further-
more, the CSMA at L3, normalized to patient height2 to ob-
tain the skeletal muscle index ([SMI] = CSMA of all muscles
at L3/height2, cm2/m2), has been shown to correlate strongly
with total body muscle mass, thus making it a suitable
surrogate for sarcopenia assessment and is recommended
by many expert groups.1,11–15 Despite the accuracy of this
technique for muscle mass calculation, there remains a dis-
parity in the reports of sarcopenia prevalence in the litera-
ture due to differences in the choice of cut-off for low muscle
mass.9,12,16–19

Recently, single-muscle measurements for sarcopenia diag-
nosis have emerged as an alternative to the total CSMA at the
L3 level. The psoas major muscle is most frequently targeted
to obtain the psoas muscle index (PMI = CSMA of psoas at L3/
height2 in units of cm2/m2), a choice attributed to its function
as the main hip flexor muscle that provides postural support
of the spine and hip joints, its ease of identification and the
relatively quick processing and analysis of CT images.8,20

The conclusions regarding its suitability as a surrogate for
cancer sarcopenia diagnosis are varied, and there is a lack
of studies investigating and validating the use of this muscle
for sarcopenia diagnosis in clinical practice.8 Despite the un-
certainty in its reliability and the lack of precise recommenda-
tions by any expert group, this method is being used by cer-
tain clinicians to evaluate sarcopenia and postoperative
prognosis in oncology.21–25 Recently, Westenberg et al.26 em-
phasized the need to reach a consensus for the measurement
of sarcopenia using CT. They proposed that future research
and discussion should focus on establishing standard proce-
dures and validating them.

The Sarcopenia Cancer and Nutrition (SCAN) study was
conducted in France to assess the prevalence of sarcopenia

in metastatic cancer patients in real-life practice based on
muscle mass measurements on CT.27 Sarcopenia was
determined by estimating low SMI in 766 patients. The data
gathered from a large sample such as this provided an oppor-
tunity to investigate the relationship between the CSMA of
psoas (PMI) and total body muscle mass (SMI) at L3 and in
turn to explore the possibility of developing a reliable diag-
nostic test with a validated cut-off for psoas muscles that
can be applied to a wide range of patients in clinical practice.

Methods

Study design and patients

The SCAN study was a prospective cross-sectional multicentre
study conducted within 29 public and private oncology
practices situated throughout France between September
and October 2017. The primary objective of the study was
to determine the prevalence of sarcopenia in metastatic can-
cer patients by estimating the SMI at the L3 cross-sectional
level. These results were published in a prior publication
without data on psoas muscles.27 Patients were men or
women aged 18 years and above, were diagnosed with
metastatic lung, kidney, colon, breast or prostate cancer
and were undergoing chemotherapy, targeted therapy or
immunotherapy at the time of inclusion. To be included in
the study, patients had to have a CT scan comprising the cross
section of the L3 segment, suitable for sarcopenia evaluation,
performed between 6 weeks before and 4 weeks after the
inclusion date. Informed consent was taken on the day of
inclusion into the study.

The investigating pairs in each of the 29 centres consisted
of an oncologist, who recorded patient data in a paper case
report form (CRF), and a radiologist, who was trained in
CSMA (cm2) measurement of the skeletal muscle via CT using
a standardized approach. Data recorded during the visit in-
cluded the patients’ demographic characteristics, medical
and treatment history, clinical characteristics, CSMA of all
muscles at the L3 level and CSMA of the right and left psoas
muscles at the L3 level. A centralized reading of 70 randomly
selected patients was performed to assess inter-observer and
intra-observer reproducibility. This blinded evaluation of all
clinical and radiological data was performed by a different
radiologist than those from the 29 centres.

Psoas muscle surface assessment

In this report, we present a post hoc analysis evaluating the
reliability of using the psoas muscle as a surrogate marker
of sarcopenia in lieu of the total lumbar muscle area at the
L3 level (SMI) by determining and validating a suitable
cut-off value for the psoas muscle normalized to patient

1614 F. Pigneur et al.

Journal of Cachexia, Sarcopenia and Muscle 2023; 14: 1613–1620
DOI: 10.1002/jcsm.13230



height2 (the psoas muscle index, [PMI] = CSMA of psoas at
L3/height2 in units of cm2/m2). Following the SCAN study
protocol,27 pre-established Hounsfield unit (HU) thresholds
(�29 to +150 HU) were applied, and then the CSMA of psoas
muscles were manually contoured from CT at the mid-L3
level. The total CSMA of all muscles at the L3 level was also
similarly determined and normalized to patient height2 to ob-
tain the SMI. SMI cut-offs for sarcopenia diagnosis from three
studies are evaluated in this analysis: (i) Fearon et al.,12

where the patient is sarcopenic if L3 SMI is <55 cm2/m2 in
males and <39 cm2/m2 in females (cut-off 1) (Figure 3); (ii)
Mourtzakis et al.,14 sarcopenic if L3 SMI is <52.4 cm2/m2 in
males and <38.5 cm2/m2 in females (cut-off 2); and (iii) Mar-
tin et al.,28 sarcopenic if L3 SMI is <43 cm2/m2 in males with
BMI < 25.0 OR <53 cm2/m2 in males with BMI ≥ 25 and
<41 cm2/m2 in females, irrespective of BMI (cut-off 3). These
cut-offs were chosen, as they are most often used in clinical
practice in oncology29–31 and proposed by expert groups.12,32

Data of cut-offs 2 and 3 are presented on the supplemental
data (Tables S1 and S2 and Figure S1).

Statistical analyses

Statistical analyses and data management were performed by
Cerner Enviza (Paris, France). Statistical analyses were per-
formed using DAISIE (version 2.4.25 & 2.4.45) and R i386
3.6.0. The Pearson’s r was estimated for correlation between
continuous variables (SMI and PMI but also between the right
and left psoas cross-sections at mid-L3). Fisher’s z transfor-
mation was used to test the hypotheses on the value of the
correlation coefficient r between the SMI and the PMI ac-
cording to sex.

Receiver operating characteristic (ROC) curves were pre-
pared to determine the most suitable PMI cut-offs for males
and females based on total L3 muscle SMIs from two-thirds
of the population (development population, n = 488)—this
was done for all three SMI cut-offs for sarcopenia,12,14,28

cited in the previous sub-section. Youden’s indices (J) and
Cohen’s kappa coefficient (κ) were calculated to measure
the accuracy of the cut-off values in each case. The three
PMI cut-offs were then cross validated in the remaining third
of the study population (validation population, n = 243) by es-
timating the percentage of concordance between both sarco-
penia evaluation methods. Descriptive statistics [means, stan-
dard deviations (SD), median and range] are provided for
continuous variables, and data are presented as percentages
for categorical variables. The Z-test or t-test were used for
comparisons between sarcopenic and non-sarcopenic groups,
with P < 0.05 taken to denote statistical significance.

For 70 randomly selected patients, inter-observer and
intra-observer agreements were calculated using intraclass
correlation coefficients (ICC) with 95% confidence intervals
using a two-waymixed singlemeasuresmodel. The agreement

on low muscle mass assessment with SMI and PMI between
observers was calculated using Cohen’s kappa coefficients.

Results

From September to October 2017, 818 patient CRFs were
received, of which 52 were excluded as they did not meet
selection criteria or lacked essential information. Thus, 766
patients with metastatic cancer were included in the
analysis. Patient characteristics were described in a
previous publication.27 The average age of patients was
65.0 ± 11.8 years and 50.1% were female. Cancer types were
colon (37.1%), lung (25.5%), breast (22.6%), kidney (7.8%)
and prostate (7.0%). Mean time since diagnosis of the pri-
mary tumour was 46.9 ± 60.7 months (median 23.2, range
0–400.0 months), and 40.5% were undergoing their first line
of treatment. Low muscle mass prevalence was 69.1% (cut-
off 112), 62.5% (cut-off 2,14) and 58.6% (cut-off 328) in cancer
patients using three different cut-offs for the L3 SMI. Among
the 766 patients of the SCAN study, 746 patients with avail-
able measurements of the right psoas muscle, 733 of the left
psoas muscle and 731 of both psoas muscles were included
for this post hoc analysis.

Correlation between the skeletal muscle index and
the psoas muscle index

A strong positive correlation was found between the right
and left psoas area of each individual (r = 0.97, n = 731,
P < 0.01). A moderately positive correlation was found be-
tween L3 SMI measurements and PMI measurements for
the right, left and both psoas muscles together. The correla-
tion coefficients of the entire population were as follows:
with the right psoas PMI, r = 0.67, n = 746, P < 0.01; with
the left psoas PMI, r = 0.65, n = 733, P < 0.01, with PMI de-
rived from both psoas muscles, r = 0.69, n = 731, P < 0.01.
The curves are presented in Figure 1.

The correlation coefficients with PMI derived from both
psoas muscles according to sex were: r = 0,58, n = 371,
P < 0.01 for males and r = 0,62, n = 360, P < 0.01 for females
with no significant difference in Fischer z-transformation,
z = �0.8419, P = 0.3992.

We later proceeded to estimate optimal cut-off points for
low muscle mass evaluation using both the psoas muscles
and against L3 SMI measurements.

Derivation and validation of a cut-off for the psoas
muscle index for sarcopenia

ROC curves were prepared from data derived from the devel-
opment population (two-thirds of the evaluable population,
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n = 488) to determine cut-off values for PMI based on the to-
tal muscle SMI at the L3, according to each of the 3 SMI
cut-off values for low muscle mass diagnosis.12,14,28 The
curves for cut-off 1 are presented in Figure 2. The corre-
sponding values of sensitivity and specificity from which the
PMI cut-offs were determined for males and females are also
presented in Table 1, together with the accuracy of the spe-
cific cut-off, Youden’s index, J (measure of the diagnostic effi-
cacy of the test) and Cohen’s Kappa coefficient, κ (measure of
the level of agreement between the L3 and psoas results).

The PMI cut-off values for the psoas muscles, below which
the patient would be diagnosed as sarcopenic, were esti-
mated at 6.6 cm2/m2 for males and 4.8 cm2/m2 for females,
based on L3 SMI cut-off 1. Based on these thresholds used
as a diagnostic test for sarcopenia for males and females,
PMI measurements had low accuracy and low level of concor-
dance with SMI L3 values, as given by their corresponding
Youden’s index and Cohen’s kappa coefficients, respectively.

These PMI cut-offs were validated against the validation
cohort (remaining third of the male and female population,
n = 243) by calculating the percentage concordance between
the PMI and SMI methods to diagnose cancer sarcopenia. A
similar level of dichotomous concordance and discordance
was observed of sarcopenia diagnoses were dichotomously
concordant, whereas 33.3% were discordant (Table 2).

Using SMI cut-offs 2 and 3 shows the same range of re-
sults. Data are presented in Tables S1 and S2 and Figure S1.

Inter-observer and intra-observer variability of SMI
and PMI

The inter-observer and intra-observer ICCs of SMI and PMI
were excellent even though SMI was more reproducible.

Excellent inter-observer agreement was obtained for both
SMI and PMI intraclass correlation coefficient (ICC) of 0.995
(95% CI 0.99; 0.997) and 0.97 (0.944; 0.984), respectively.

Excellent intra-observer agreement was obtained for both
SMI and PMI with ICC of 1.0 (95% CI 1.0; 1.0) and 0.996 (95%
CI 0.993; 0.998), respectively.

Discussion

This study consisted of the largest, multicentre samples
of metastatic cancer patients to date in which a
diagnostic test was performed to assess the suitability of
using the psoas muscles to evaluate low SMI in oncology.
Sarcopenia and low muscle mass have been assessed from
the CSMA at the L3 vertebral level via CT in numerous stud-
ies, thus attesting to the reliability and popularity of this
method.10,12,14,16–19,28,30,31,33

Figure 1 Pearson’s r coefficients for the correlation between the skeletal
muscle index (SMI) and psoas muscle index (PMI) of both (a), right (B)
and left (C) psoas muscles.
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It is expected that this segmentation be performed auto-
matically in the near future, and thus total muscle measure-
ments could be performed quicker.34–36 However, muscle tis-
sue segmentation from CT scans are often still performed
manually or semi-automatically, which is why oncologists,
surgeons and radiologists may prefer single-muscle, rather
than total muscle measurements at the L3 level, for a faster
turnaround of diagnostic results.8,22 Due to this reason, the
reliability of measurements of the psoas muscle for muscle
mass evaluation has been the subject of numerous
investigations,8,20–22,24,25 the results of which are highly het-
erogenous as to the diagnostic value of this method. Any
trade-off between convenience and diagnostic accuracy in
this instance seems unacceptable.

As part of our study, we created ROC curves based on data
from two-thirds of the total analysable population (develop-
ment population, n = 488) to assess the diagnostic ability of
the PMI against the total SMI at the L3 level (Figures 2 and
S1). We were able to demonstrate that the psoas muscle
alone cannot be used for a reliable assessment of low SMI
recommended by many expert groups.1,11–15 To be thorough,
we even performed these diagnostic tests using the three
aforementioned sets of SMI cut-offs for cancer sarcopenia,
that are most commonly encountered in the literature; the
reliability of the PMI was found to be weak for all three
cut-offs (Tables 1 and S1).

Rutten et al.20 performed a retrospective study involving
150 ovarian cancer patients, where they confirm our conclu-

Figure 2 ROC curves based on SMI values of both psoas muscles together, for (A) males and (B) females with and without sarcopenia as per cut-off 1.
12

Table 1 Optimal cut-off values for the detection of low muscle mass in males and females based on the psoas muscle index (PMI) of both psoas
muscles on the development population

Psoas cut-off
(cm2/m2) Sensitivity Specificity Accuracy

Youden’s
Index (J)

Cohen’s Kappa
co-efficient (κ)

Cut-off 1a Males (n = 248) 6.6 0.83 0.66 0.29 0.49 0.26
Females (n = 240) 4.8 0.78 0.71 0.70 0.50 0.46

aCut-off 1: Sarcopenic if total muscle SMI at L3 is <55 cm2/m2 in males and <39 cm2/m2 in females.12

Table 2 Concordance between the two sarcopenia evaluation methods on the validation population: According to the PMI of the two psoas muscles
and the total muscle SMI at the L3

Patients (n = 243) %

Cut-off 112 Concordant 162 66.7%
Sarcopenic according to both evaluation methods 121 49.8%
Non-sarcopenic according to both evaluation methods 41 16.9%
Discordant 81 33.3%
Sarcopenic as per the SMI at L3 and non-sarcopenic as per the psoas SMI 51 21.0%
Non-sarcopenic as per the SMI at L3 and sarcopenic as per the psoas SMI 30 12.3%
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sions. In their quantitative study, they found a poor correla-
tion and poor kappa agreement between total lumbar area
and psoas area. They explain that the psoas muscles are not
representative of the total L3 musculature in the context of
cancer sarcopenia assessment, due to their higher propensity
for increased degradation from degenerative disorders of the
lumbar spine, meaning that psoas muscle loss may not specif-
ically be related to the patient’s cancer in certain cases.
Additionally, because degenerative diseases of the lumbar
spine are more prevalent in older patients, using psoas-only
measurements for sarcopenia diagnosis would not be reliable
in this patient population. Furthermore, the psoas muscle is
prone to high measurement error, owing to its irregular and
very small size, in relation to the total L3 musculature.8,20

There have been studies where a relationship between psoas
muscle area and the occurrence of post-operative complica-
tions has been shown21,22,24; however, none of them demon-
strated a relationship between low psoas muscle area and
long-term survival.

These problems are not limited to patients with malignan-
cies. Ebadi et al.37 show a moderate concordance with low
PMI and SMI on a population of 353 patients with cirrhosis
who were candidates for liver transplantation. Overall, 104
patients (29%) were misclassified between SMI and PMI
categories. They also found poor performance of the PMI
compared with SMI for identification of patients to predict
liver transplant waitlist mortality. Low PMI identifies an in-

complete subset of patients at increased risk of mortality in-
dicated by low SMI.

In our study, when the derived PMI cut-offs from each of
the SMI cut-offs were validated in the remaining third of the
population (validation population, n = 243), a high level of dis-
cordance was also found between the PMI method and SMI
method of sarcopenia diagnosis. Using the PMI threshold de-
rived from cut-off 1,12 sarcopenia diagnosis was missed in 21%
of patients (Table 2 and Figure 3), and in 15.6% and 22.3% of
patients under cut-off 214 and cut-off 328 (Table S2,
Supporting Information), respectively. In oncology, an under-
estimation in the range of 20% for a condition that could im-
pair a patient’s prognosis and quality of life, if not managed
or treated as early as possible, is not acceptable. As discussed
by Baracos,8 it is difficult to claim that any one muscle is rep-
resentative of human skeletal muscle mass.

Limitations

As this study was performed across 29 centres, to determine
the SMI and PMI at the middle of L3 level, the inter-centre ac-
curacy of CT readings needs to be addressed. However, the
excellent inter-observer and intra-observer agreement was
obtained for both SMI and PMI limits the impact of this
potential bias.

Figure 3 Abdominal CT scan images taken at mid-L3 applied to quantify SMI and PMI with discordant evaluation. Panel (A) shows a metastatic lung
cancer female patient with a high SMI measured at 39.5 cm2/m2 (>39 cm2/m2)12 but a low PMI at 3.6 cm2/m2 (<4.8 cm2/m2). Panel (B) present a
metastatic colon cancer male patient with a low SMI measured at 45.6 cm2/m2 (<55 cm2/m2)12 but a high PMI at 8.2 cm2/m2 (>6.6 cm2/m2).
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Moreover, the design of our study does not allow us to as-
sess and compare the impact of low SMI or PMI on clinical
outcomes (such as overall survival) in our patient population,
an objective beyond the scope of our study. Even if the PMI
measurement does not reliably identify low SMI patients, it
might be interesting in future research to investigate the
contribution of PMI in association to SMI but not as a sole
marker as proposed in most studies. Indeed, all the physio-
logical characteristics specific to the psoas muscle developed
in the discussion could have a prognostic impact independent
of the total muscle area in specific populations.

Lastly, ethnicity has an impact on the choice of thresholds
for low SMI.38 Studies from Asia do not use the same cut
off values, and it is for this very reason that we chose to use
thresholds that were validated using a Western
population.12,14,28 Regrettably, local French laws and regula-
tions do not authorize the analysis of race or ethnicity in our
clinical studies. We cannot therefore show the impact of
ethnicity on the relationship between psoas cross-sectional
area and total L3 muscles.

Conclusions

CT scan muscle mass measurements need to be standardized.
Our diagnostic ROC curves quantitatively show that the PMI
is not a reliable surrogate for SMI measurements in the
context of cancer sarcopenia diagnosis. The only advantage
it seems to offer is an increased ease and rapidity of
segmenting CT images at the L3 level, but this would be
offset by the loss in accuracy, and the potential to
under-estimate sarcopenia prevalence in patients who may
require urgent nutritional management. In clinical practice,
this point may be solved in the near future by the contribu-
tion by artificial intelligence to organ segmentation in CT im-
ages. This would allow total muscle segmentation which
would be more representative than a single sentinel muscle
for diagnosing sarcopenia.
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