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Abstract
Background Single cross-sectional area of muscle at the third
lumbar vertebra (L3MA) is gold standard to estimate skeletal
muscle mass (SMM), and L3 muscle index (L3MI, L3MA/
height2) is used to determine sarcopenia. The purposes of this
study were to evaluate the relationship between SMM indices
determined by routine chest CT and L3MI in patients with
small-cell lung cancer (SCLC) and to suggest chest CT-
derived diagnostic criteria for sarcopenia.
Methods Area of pectoralis muscles at the aortic arch (PMA)
and at L1 (L1MA) was retrospectively measured on chest CT
images of 90 consecutive SCLC patients. Pearson’s correla-
tion andmultiple linear regression analysis were used to assess
relationships between L3MI determined by PET/CT and
pectoralis muscle index (PMI) and L1 muscle index (L1MI)
determined by chest CT.
Results The correlation between L1MI and L3MI was stron-
ger than that between PMI and L3MI (r = 0.851 vs. r = 0.447,
p < 0.001). Multivariable regression analysis showed that
L1MI was the only significant predictor of L3MI;
L3MI = 0.963 × L1MI + 10.336 (R2 = 0.689, p < 0.001) for
male and L3MI = 0.772 × L1MI + 16.518 (R2 = 0.777,
p < 0.001) for female. Using this relationship, estimated cut-
offs of L1MI for sarcopenia were 46 cm2/m2 for male and
29 cm2/m2 for female (L3MI cutoffs for sarcopenia are

55 cm2/m2 for male and 39 cm2/m2 for female). The sensitiv-
ity and specificity of L1MI cutoffs to determine sarcopenia
were 98.2 and 100 %, respectively.
Conclusions Chest CT-determined L1MI is highly correlated
with L3MI in SCLC patients. L1MI, as determined by chest
CT, could be used to determine the presence of sarcopenia
with suggested cutoffs of 46 cm2/m2 for men and 29 cm2/m2

for women.
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Introduction

Sarcopenia, the loss of skeletal muscle mass (SMM), is an
important age-related health problem in the elderly, because
it contributes to functional decline, disability, injury, and mor-
tality. The clinical importance of sarcopenia is also being in-
creasingly recognized in oncologic patients as a component of
cancer cachexia syndrome [1, 2]. Sarcopenia is a prevalent
condition in cancer patients and is associated with functional
impairment, increased risk of chemotherapy-related toxicities,
and reduced survival [3–6]. The prognostic significance of
sarcopenia in the oncology setting emphasizes the need for
identifying its presence and for effective therapeutic interven-
tions to increase SMM.

The quantification of SMM is important in this context.
Regional analyses of body compositions at specific abdominal
landmarks strongly predict whole-body fat mass (r = 0.842–
0.963, p < 0.001) and SMM (r = 0.712–0.924, p < 0.001), and
single cross-sectional area of SMM at the third lumbar verte-
bra (L3) was found to be most correlated with total body
SMM (r = 0.924, p < 0.001). Therefore, L3 muscle area
(L3MA) as determined by computed tomography (CT) or by
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magnetic resonance imaging (MRI) is considered reference
standards for estimating total body SMM [7–10], and
gender-specific cutoffs of height-adjusted L3MA, L3 muscle
index (L3MI, L3MA/height2), are currently used to define
sarcopenia in cancer cachexia trials [1]. Although chest CT
is the standard imaging modality used to diagnose and follow
up lung cancer, it rarely extends to the L3 level, which pre-
cludes its use for assessing the status of sarcopenia in lung
cancer patients. For this reason, one study evaluated pectoralis
muscle area (PMA) to define sarcopenia in patients with
small-cell lung cancer (SCLC) [11]. Although L1 is covered
during chest CT examinations and muscle area at the first
lumbar vertebra level (L1MA) was found to show a high cor-
relation (r = 0.903, p < 0.001) with total body SMM in healthy
subjects [7], the predictive values of chest CT-determined
SMM indices for determining sarcopenia have not been
assessed. Accordingly, the primary objectives of the present
study were to evaluate relationships between specific chest
CT-determined SMM indices and L3MI in SCLC patients
and to suggest diagnostic chest CT criteria for sarcopenia.

Patients and methods

Patients

The radiologic database and medical record system at Gachon
University Gil Medical Center (Incheon, Korea) were
searched for patients with newly diagnosed, pathologically
proven SCLC that underwent a baseline chest CT scan and a
PET/CT scan on the same week from January 2010 to
November of 2014. Heights and weights were measured,
and functional statuses were recorded at first visit to our on-
cology department. Body mass index (BMI) was defined as
weight divided by height squared (kg/m2), and BMI values
were categorized as underweight (<18.5 kg/m2), normal
(18.5–22.9 kg/m2), overweight (23.0–24.9 kg/m2), or obese
(≥25 kg/m2) [12].

SCLC was classified as limited or extensive. Limited stage
was defined as American Joint Committee on Cancer (AJCC)
stages I to III, which can be safely treated by definitive radi-
ation therapy [13]. The institutional review board of our hos-
pital approved this retrospective study and waived the require-
ment for informed patient consent.

Image analysis

Routine chest CTwas performed using one of the three helical
scanners, that is, a 64-slice, a dual-source 64-slice CTscanner,
or a second-generation dual-source MDCT scanner
(SOMATOM Sensation 64, SOMATOM Definition,
Somatom Definition Flash, Siemens Healthcare, Forchheim,
Germany). All patients fasted for at least 6 h beforehand, and

post-contrast images were obtained within 30–40 s of com-
mencing an injection of 120 ml of nonionic iodinated contrast
material (Ultravist 300 mg/ml, Schering AG, Berlin,
Germany) administered through an antecubital vein at 3–
4 ml/s. Scanning was performed from the thoracic inlet to
the middle portion of the kidneys using the following scan-
ning parameters: 170 mAs, 120 kVp, collimation of
64 × 0.6 mm, scanning range 35 cm, pitch 0.75, and gantry
rotation time 330 ms.

Quantitative assessments of muscle areas were performed
using commercially available software (Terarecon 3.4.2.11,
San Mateo, CA, USA) by a subspecialty-trained chest radiol-
ogist. Single cross-sectional PMAs just above the aortic arch
and L1MAwere quantitatively assessed. To determine PMAs,
the observer visually identified the aortic arch and then select-
ed the first axial image just superior to the arch, and the area of
bilateral pectoralis major and minor muscles on the anterior
chest wall was measured. Tissue cross-sectional areas (cm2) in
slices were computed automatically by summing appropriate
pixels using the CT Hounsfield unit (HU) range −29 HU to
150 HU for skeletal muscle. After applying threshold methods
using predefined HU thresholds to slices, boundaries between
different tissues were corrected manually when necessary.
SMM index was defined as the CT-determined cross-sectional
area of muscle divided by height squared (cm2/m2) (e.g., L1
muscle index (L1MI); L1MA/m2).

The L3MA measured on PET/CT images at the time of
SCLC diagnosis served as reference standards. The integrated
CT (SiemensMedical Systems, Erlangen, Germany) used was
equipped with lutetium oxyorthosilicate crystal PET detectors
and six slice detectors. Imaging parameters were as follows:
130 kVp, 110 mAs, 2-mm pitch, 1-s tube rotation, and a slice
thickness of 5 mm, which matched the section thickness of
PET images.

Statistical analysis

Descriptive statistics are reported as proportions or means
with standard deviations (SDs). Pearson’s chi-squared test
or Fisher’s exact test was used to compare categorical
variables between men and women, whereas continuous
variables were compared using the Student’s t test or the
Mann-Whitney U test. Pearson’s correlation analysis was
used to assess relationships between L3MI as determined
by PET/CT and continuous variables, such as L1MI, PMI,
age, height, and BMI. To determine differences between
correlation coefficients, correlations were transformed
using Fisher’s z transformation followed by the t test. In
order to find the important predictors for multivariable
model, stepwise method with F statistic was applied
where candidate variables with a p value <0.05 were en-
tered and those with a p value >0.10 were removed from
the model. Bland-Altman plots were used to assess
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agreements between two measurements. Statistical signif-
icance was calculated at the 95 % confidence interval
(p < 0.05), and the analysis was performed using SPSS
for Windows ver. 19.0 (SPSS Inc., Chicago, IL, USA).

Results

Characteristics of the study population

Ninety consecutive patients were included in the present
study, and their characteristics are summarized in Table 1.
Mean patient age was 69.1 ± 9.4 years, and most (n = 75,
83.3 %) were male. Of the 90 patients, 62 (68.9 %) had ex-
tensive disease at first presentation. Average BMI was
22.4 ± 3.6 kg/m2, and 16.7 % of the 90 study subjects were
underweight (n = 15). Mean value ± SD of L3MI, L1MI, and
PMI were 49.4 ± 9.2, 40.6 ± 8.3, and 15.6 ± 4.0 cm2/m2,
respectively. SMM indices, height, and weight were signifi-
cantly greater for men.

Relationship between L3MI and subject characteristics
and SMM indices

Correlations between L3MI and variables were summarized in
Table 2. In the 90 study subjects, weight, BMI, PMI, and
L1MI were positively correlated with L3MI (r = 0.447–
0.851, p values <0.001), but age was negatively associated
with L3MI (r = −0.366, p < 0.001). The strongest correlation
was observed between L1MI and L3MI (r = 0.851).
Furthermore, L1MI was better correlated with L3MI than
PMI (r = 0.447, p < 0.001) in the study subjects.

Estimated L1MI cutoffs to determine sarcopenia

According to multivariable regression analysis using age,
weight, and BMI as co-variables, L1MI was the only signifi-
cant predictor of L3MI; L3MI = 0.963 × L1MI + 10.336
( R 2 = 0 . 6 8 9 , p < 0 . 0 0 1 ) f o r m a l e a n d
L3MI = 0.772 × L1MI + 16.518 (R2 = 0.777, p < 0.001) for
female (Fig. 1). Bland-Altman analysis did not disclose any

Table 1 Baseline characteristics
of body compositions in the study
population

Characteristics All (n = 90) Men (n = 75) Women (n = 15) p value

Age, years 69.1 ± 9.4 68.9 ± 9.1 69.8 ± 11.4 0.746a

Stage

Limited disease 28 (31.1 %) 23 (30.7 %) 5 (33.3 %) 1.000b

Extensive disease 62 (68.9 %) 52 (69.3 %) 10 (66.7 %)

ECOG PS

0–1 69 (76.7 %) 58 (77.3 %) 11 (73.3 %) 0.744b

≥2 21 (23.3 %) 17 (22.7 %) 4 (26.7 %)

Height, cm 164.2 ± 8.7 166.8 ± 6.0 151.0 ± 8.3 <0.001a

Weight, kg 60.5 ± 11.0 62.2 ± 9.6 52.4 ± 13.6 0.001a

Body mass index, kg/m2 22.4 ± 3.6 22.3 ± 3.1 23.0 ± 5.8 0.652a

Underweight 15 (16.7 %) 12 (16.0 %) 3 (20.0 %) 0.626c

Normal weight 37 (41.1 %) 32 (42.7 %) 5 (33.3 %)

Overweight 18 (20.0 %) 16 (21.3 %) 2 (13.3 %)

Obesity 20 (22.2 %) 15 (20.0 %) 5 (33.3 %)

LDH (U/l), median (range) 537 (307–8587) 543 (325–8587) 490 (307–1553) 0.451c

PMA, cm2 42.3 ± 12.0 44.9 ± 11.2 29.0 ± 6.1 <0.001a

L1MA, cm2 110.2 ± 26.3 116.7 ± 22.6 77.8 ± 18.6 <0.001a

L3MA, cm2 134.0 ± 30.4 141.3 ± 27.1 97.8 ± 18.0 <0.001a

PMI, cm2/m2 15.6 ± 4.0 16.1 ± 3.9 12.9 ± 3.2 0.003a

L1MI, cm2/m2 40.6 ± 8.3 42.0 ± 7.8 34.1 ± 7.9 0.001a

L3MI, cm2/m2 49.4 ± 9.2 50.7 ± 9.0 42.9 ± 6.9 0.002a

a Student’s t test
b Fisher’s exact test
cMann-Whitney U test

PMA pectoralis muscle area, L3MA muscle area on third lumbar vertebra, L1MA muscle area on first lumbar
vertebra, PMI pectoralis muscle index (PMA/height2 ), L1MI L1muscle index (L1MA/height2 ), L3MI L3muscle
index (L3MA/height2 )
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significant bias between predicted and measured L3MI (Fig.
2).

L3MI cutoffs for sarcopenia are 55 cm2/m2 for men and
39 cm2/m2 for women according to a recently published con-
sensus definition of cancer cachexia [1]. Using the
abovementioned regression model, the L1MI cutoffs for
sarcopenia were 46 cm2/m2 for men and 29 cm2/m2 for wom-
en. Using these cutoffs, the sensitivity, specificity, and accu-
racy of L1MI to determine sarcopenia were 98.2, 100, and
98.9 %.

Discussion

Cachexia has been defined as a complex metabolic syn-
drome associated with underlying illness and character-
ized by muscle depletion with or without fat tissue loss
[1]. The classical clinical feature of cachexia is weight
loss, but body weight changes do not precisely reflect
body composition change, because muscle wasting is
obscured by changes in body fat levels and because
weight loss is uncertain in patients with a large tumor
mass or exhibiting fluid collection, such as pleural effu-
sion, ascites, or body edema.

A wide range of techniques, including MRI, CT,
dual-energy X-ray absorpt iometry (DXA), and

bioelectrical impedance analysis (BIA) can be used to
assess SMM [14], and considerations, such as cost,
availability, accuracy, and ease of use, largely determine
whether techniques are better suited to clinical practice
or research. CT and MRI are considered precise imaging
modalities that can separate fat and muscle from other
soft tissues, which is the reason why these methods are
considered gold standards for estimating body composi-
tions in research. Many investigators have focused on
specific landmarks in the abdominal region in CT and
MRI studies, and single cross-sectional areas are known
to be well correlated with whole-body SMM in healthy
individuals [7–10]. Although L3 is considered as a stan-
dard skeletal landmark for the quantification of whole-
body SMM since it has been shown to exhibit the
strongest correlation, cross-sectional area at L1, like
CT images at the L3 level, also contains visceral, sub-
cutaneous, and inter-muscular adipose tissue, psoas, and
paraspinal muscles, and it has been shown that a strong
correlation exists between L1MA and whole-body SMM
[7].

Although CT is viewed as a gold standard method
for assessing body composition, its use in noncancer
populations is limited by high levels of radiation expo-
sure, cost, and availability and accessibility shortcom-
ings. However, these drawbacks do not apply in oncol-
ogy settings as patients undergo routine CT examina-
tions for diagnosis and to monitor disease progression.
A recently published consensus definition of cancer ca-
chexia established sarcopenia as a key diagnostic crite-
rion and suggested L3MI < 55 cm2/m2 and <39 cm2/m2

as a CT diagnostic criteria for sarcopenia in men and
women, respectively [1]. However, lung cancer patients
usually undergo chest CT, which does not extend to L3,
the standard skeletal landmark used to determine the
presence of sarcopenia.

The present study is the first to compare SMM indi-
ces of specific regions by chest CT using L3MI (the

Table 2 Correlations between L3 muscle index and demographic and
anthropometric variables

Variables Correlation coefficients p value

Age, year −0.366 <0.001

Height, cm 0.189 0.075

Weight, kg 0.597 <0.001

Body mass index, kg/m2 0.546 <0.001

Pectoralis muscle index, cm2/m2 0.447 <0.001

L1 muscle index, cm2/m2 0.851 <0.001

Fig. 1 Relationship between CT-
determined L3 and L1 muscle in-
dices: a male and b female
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standard currently used to evaluate sarcopenia) as the
reference standard. The study revealed a linear relation-
ship between routine chest CT-determined PMI and
L1MI and PET/CT-determined L3MI and a better corre-
lation between L1MI and L3MI than between PMI and
L3MI. Furthermore, multivariable regression analysis
showed that L1MI was the only independent predictor
of L3MI, and using the derived regression equation be-
tween L1MI and L3MI, we were able to suggest L1MI
cutoffs for sarcopenia.

Pectoralis muscle has the merit of being easily de-
marcated and quantified due to its anatomical features
on chest CT images, and furthermore, prognosis was
poor in male SCLC patients with a low PMA and an
elevated neutrophil-to-lymphocyte ratio [11]. In a recent
study [15], a moderate correlation (r = 0.665,
p < 0.001) was observed between CT-determined PMA
and BIA-determined total body SMM in healthy sub-
jects, and this association remained significant after
adjusting for sex, weight, height, and age. Further
large-scale study is warranted to evaluate the usefulness
of PMA for quantifying SMM and for predicting prog-
nosis in oncologic patients.

In conclusion, the present study shows that chest CT-
determined L1MI is highly correlated with L3MI in pa-
tients with SCLC. Using the derived regression equa-
tion, we suggest L1MI cutoffs of 46 cm2/m2 for men
and 29 cm2/m2 for women to determine sarcopenia. In
our opinion, chest CT-determined L1MA could serve as
a means of determining the presence of sarcopenia for
patients with thoracic malignancy in future studies.
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