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Sarcopenia defined by skeletal muscle mass index at the third 
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Background: Small cell lung cancer (SCLC) is one of the most aggressive types of lung cancer and reliable 
indicators are needed for improved patient management. The evaluation of skeletal muscle index of the 
third lumbar vertebra (L3MI) based on computed tomography (CT) is used to estimate patient prognosis 
in multiple cancers. However, its function in extensive-stage SCLC remains controversial. Considering that 
the maintenance of muscle mass may affect the survival of cancer patients. Herein, a retrospective study 
was conducted to investigate whether sarcopenia defined by skeletal muscle mass index at the third lumbar 
vertebra is a prognostic factor in extensive-stage SCLC cancer patients.
Methods: This retrospective analysis included extensive-stage SCLC patients diagnosed at the Sun Yat-sen 
University Cancer Center from January 2009 to March 2017 with platinum-based chemotherapy. Clinical 
data were collated for further examination, and CT or positron emission tomography (PET)/CT datasets 
were analyzed for body mass index (BMI) and L3MI. Follow-up data were collected by contacting patients or 
their families. Overall survival (OS) was defined as the interval between the date of treatment started and the 
date of death or censoring. The Kaplan-Meier product limit method and log-rank tests were used to assess 
differences in OS between the high L3MI and low L3MI groups. Cox regression analysis was used to identify 
independent factors of OS.
Results: For the 139 extensive-stage SCLC patients, the median follow-up time was 26.1 months (range, 
0.4 to 79.4 months). The median OS was 9.5 months. There were no differences in age, inflammatory 
factors, nor progression after first-line treatment between the high L3MI and low L3MI groups. Kaplan-
Meier analysis showed that the OS of the high L3MI group was significantly longer than that of the low 
L3MI group (14.045 vs. 9.985 months; P=0.007), and multivariate analysis identified high L3MI to be an 
independent prognostic factor for predicting longer OS in extensive-stage SCLC patients [hazard ratio (HR), 
0.623; 95% confidence interval (CI), 0.405–0.960; P=0.032].
Conclusions: Sarcopenia defined by L3MI is a prognostic factor for extensive-stage SCLC patients and 
early intervention of muscle mass maintaining may achieve better cancer management.
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Introduction

Lung cancer has the highest mortality among all 
malignancies (1), and small cell lung cancer (SCLC) is 
considered to be the most aggressive type of lung cancer, 
accounting for approximately 14% of all cases (2). It is 
characterized by low differentiation, great invasiveness, 
rapid resistance after chemo-/radiotherapy, and poor 
prognosis. The median survival for patients with limited-
stage SCLC is 25 to 30 months, with a 5-year survival of 
30% (3). The median survival for extensive-stage patients is 
only 7 to 10 months, with less than 10–20% of patients alive 
at 2 years (4). Thus, there is an urgent need to find reliable 
prognostic factors for SCLC to facilitate improved patient 
management and previous studies have reported that some 
clinical indicators such as sex, age, tumor-node-metastasis 
(TNM) phase, received platinum-based chemotherapy, 
chest radiation, preventive radiotherapy of whole brain, 
have prognostic importance (5,6).

Sarcopenia, defined as loss of muscle mass and function, 
has been shown to be related to patient prognosis in 
several types of cancers (7,8). In general, the evaluation of 
skeletal muscle mass is based on computed tomography 
(CT). CT imaging of the cross-sectional areas at the third 
lumbar vertebra (L3) is considered to be a reference for the 
diagnosis of sarcopenia because there is a linear relationship 
between the skeletal muscle mass index at L3 (L3MI) and 
whole-body muscle mass (9). The prognostic value of L3MI 
in gastrointestinal tumors (10), head and neck tumors (11), 
breast cancers, and non-small cell lung cancer (NSCLC) 
has been well-demonstrated (12,13), with low L3MI 
typically predictive of poor prognosis. However, the value 
of L3MI in extensive-stage SLCL remains controversial, 
Korean researchers reported that L3MI was independent 
prognostic factors of shorter OS in SCLC patients (14), but 
study from Japanese did not find significant associations of 
sarcopenia defined by muscle quantity with Overall survival 
(OS) in extensive-stage SCLC patients (15). The possible 
reason for this inconsistency seems to be that in Japanese 
study, researchers used a regional standard rather than 
international standard to identify sarcopenia. Considering 
sarcopenia is recognized as a component of cancer cachexia 
syndrome and influences patients’ prognosis among kinds of 
cancers, we think it is necessary to carry out further study to 
explore the effect of L3MI on the prognosis of patients with 
extensive-stage SCLC.

Herein, a retrospective study was conducted to compared 

clinicopathological characteristics and survival outcomes 
between groups divided by L3MI status to investigate 
whether sarcopenia evaluated by L3MI is a prognostic 
marker for extensive-stage SCLC. We present the following 
article in accordance with the STROBE reporting 
checklist (available at https://jtd.amegroups.com/article/
view/10.21037/jtd-22-782/rc).

Methods

Patients

This retrospective analysis included extensive-stage SCLC 
patients diagnosed at the Sun Yat-sen University Cancer 
Center from January 2009 to March 2017, who were treated 
with platinum-based chemotherapy and excluded patients if 
therapeutic courses were not fully available, extensive-stage 
SCLC was defined using the American Joint Committee on 
Cancer (AJCC) staging guidelines and finally, there were 
totally 139 patients included in our research. The end-point 
of our study was OS, defined as the interval between the 
date of treatment started and the date of death or censoring. 
Follow-up data were collected by contacting patients or their 
families through telephone or obtained from records of our 
hospital and OS was calculated in months. The following 
clinicopathological factors were collated: gender, age, 
smoking history, pathological stage, thoracic radiotherapy, 
preventive radiotherapy of whole brain, and progression 
after first line treatment. The patient’s height, weight, and 
CT or PET/CT datasets measured at the time of diagnosis 
were examined to assess the body mass index (BMI) and the 
muscle index of the third lumbar vertebra (L3MI). The BMI 
was defined as weight divided by height squared (kg/m2) 
and patients were categorized as underweight (<18.5 kg/m2), 
normal weight (18.5–25 kg/m2), or overweight (≥25.0 kg/m2). 
The study was conducted in accordance with the Declaration 
of Helsinki (as revised in 2013) and approved by the 
Institutional Review Board of Sun Yat-sen University Cancer 
Center (B2022-187), individual consent for this retrospective 
analysis was waived.

Inflammatory markers

White blood cell (WBC), neutrophil (NEU), lymphocyte 
(LY), serum albumin (ALB), lactate dehydrogenase (LDH), 
and C-reactive protein (CRP) in venous blood samples 
collected at the first visit to our hospital were measured.

https://jtd.amegroups.com/article/view/10.21037/jtd-22-782/rc
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Computed tomography analysis and definition of 
sarcopenia

The L3MI (cm2/m2) was defined as the cross-sectional 
area of the muscle at the L3 level normalized by BMI, in 
accordance with the research by Kim et al. (14). Quantitative 
assessments of the muscle area were performed using 
commercially available software (Terarecon 3.4.2.11, San 
Mateo, CA, USA) by a trained chest radiologist. Sarcopenia 
defined by L3MI was based on the international consensus 
for cancer cachexia. Specifically, L3MI <55 cm2/m2 for men 
and <39 cm2/m2 for women was regarded as the low L3MI 
group, with all others regarded as the high L3MI group (16). 

Statistical analysis

Descriptive statistics are reported as proportions, means 
with standard deviations (SDs), or medians and interquartile 
ranges. Comparisons of categorical variables between 
the high and low L3MII groups were performed using 
Pearson’s chi-squared test or Fisher’s exact test. Continuous 
variables were compared using the independent two-sample 
t-test for variables with normal distributions; otherwise, the 
nonparametric Mann-Whitney U test was used.

Univariable and multivariable Cox proportional hazard 
models were used to identify prognostic factors of OS. 
Variables with a P value <0.1 by the log-rank test were 
included in the multivariable analysis, two-sided P values of 
less than 0.05 were considered statistically significant. The 
Kaplan-Meier product limit method and log-rank tests were 
used to show the difference in OS between the high L3MI 
and low L3MI groups, and two-sided P value less than 
0.05 was considered statistically significant. All analyses 
were performed using SPSS for Windows ver. 25.0 and 
GraphPad prism 8.0 for Windows.

Results

Clinical characteristics

In total, 139 advanced SCLC patients with complete 
clinical information and follow-up were included in our 
analysis. The patient clinical characteristics are described 
in Table 1. The median age was 59 years old (range, 24 to 
82 years). Males were the predominant sex (n=133, 95.7%). 
A total of 36 patients (25.9%) were allocated into the high 
L3MI group and 103 patients (74.1%) were assigned into 
the low L3MI group. The median follow-up time was  
26.1 months (range, 0.4 to 79.4 months). The median OS 

Table 1 Clinical characteristics of 139 advanced SCLC patients

Clinical characteristics Values

Gender, n (%)

Female 6 (4.3)

Male 133 (95.7)

Age (years), n (%)

≥60 66 (47.48)

<60 73 (52.52)

Median age (25%, 75%) (years) 59 (25, 63)

Smoking history, n (%)

Yes 115 (82.73)

No 24 (17.27)

BMI (kg/m2), n (%)

≥24 38 (27.34)

18.5–24 83 (59.71)

<18.5 18 (12.95)

T stage, n (%)

T4 46 (33.09)

T3 43 (30.94)

T2 42 (30.22)

T1 8 (5.75)

N stage, n (%)

N3 69 (49.64)

N2 56 (40.29)

N1 6 (4.31)

N0 8 (5.76)

Thoracic radiotherapy, n (%)

Yes 34 (24.46)

No 105 (75.54)

Preventive radiotherapy of whole brain, n (%)

Yes 26 (18.71)

No 113 (81.29)

Progression after first line treatment, n (%)

Yes 63 (45.32)

No 76 (54.68)

L3MI group, n (%)

High group 36 (25.9)

Low group 103 (74.1)

SCLC, small cell lung cancer; BMI, body mass index; L3MI, 
muscle index of the third lumbar vertebra

https://www.sciencedirect.com/topics/medicine-and-dentistry/proportional-hazards-model
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was 9.5 months. At the time of analysis, 19 (13.6%) patients 
were alive and 120 (86.4%) had died.

The association between L3MI and clinical characteristics

There were no significant differences in age, T stage, N 

stage, inflammatory factors (WBC, NEU, LYM, CRP, 
ALB, and LDH), nor progression after first-line treatment 
between the high L3MI and low L3MI groups. However, 
the BMI was significantly different, with the high L3MI 
group showing a higher BMI compared to the low L3MI 
group (24.1±2.9 vs. 21.4±3.0; P<0.01; Table 2).

Table 2 The association between L3MI and clinical characteristics in 139 advanced SCLC patients

Clinical characteristics
L3MI group

P value
High L3MI Low L3MI

Age (years) 0.230 

≥60 14 52

<60 22 51

BMI (kg/m2) <0.001

≥24 19 19

18.5–24 17 66

<18.5 0 18

T stage 0.636

T4 7 39

T3 18 24

T2 8 34

T1 2 6

N stage 0.593

N3 17 52

N2 14 42

N1 3 3

N0 2 6

Progression after first line treatment 0.297

Yes 19 44

No 17 59

Inflammatory factors

WBC (109/L, mean ± SD) 8.40±1.73 8.27±2.51 0.782

NEU (109/L, mean ± SD) 5.53±1.64 5.68±2.20 0.708

LY (109/L, mean ± SD) 1.95±0.66 1.70±0.69 0.068

ALB (g/L, mean ± SD) 41.13±3.46 40.20±4.42 0.254

CRP [mg/L, M (25%, 75%)] 6.34 (3.16, 42.46) 13.47 (2.82, 46.05) 0.781

LDH [U/L, M (25%, 75%)] 245.45 (206.20, 308.28) 252.05 (197.88, 335.33) 0.521

NLR [M (25%, 75%)] 3.25 (2.54, 4.77) 3.14 (2.16, 4.25) 0.372

L3MI, muscle index of the third lumbar vertebra; SCLC, small cell lung cancer; BMI, body mass index; WBC, white blood cell; NEU, 
neutrophil; LY, lymphocyte; ALB, serum albumin; CRP, C-reactive protein; LDH, lactate dehydrogenase; NLR, neutrophil-to-lymphocyte ratio.
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Univariate and multivariate analyses of overall survival 
among the 139 advanced SCLC patients

Univariate analysis involving the 139 patients revealed 
that L3MI and receiving radiotherapy were significantly 
associated with OS. Multivariate analysis identified that 
high L3MI (HR, 0.623; 95% CI, 0.405–0.960; P=0.032) 
and treatment with radiotherapy (HR, 0.410; 95% CI, 
0.255–0.660; P<0.001) were independent prognostic factors 
for longer OS (Table 3). In addition, Kaplan-Meier analysis 
(Figure 1) showed that the OS of the high L3MI group was 
significantly longer than that of the low L3MI group (14.045 
vs. 9.985 months; P=0.007).

Discussion

This study demonstrated that sarcopenia defined by L3MI 
was significantly associated with OS in extensive-stage 
SCLC patients and L3MI is an independent prognostic 
factor that influences OS in extensive-stage SCLC. Indeed, 
the OS of the high L3MI group was longer than that of the 
low L3MI group (14.045 vs. 9.985 months; P=0.007). 

Although the prognostic value of L3MI has been shown 
in other types of malignancies, its value in SCLC remains 
controversial. The earliest research regarding L3MI 
and SCLC can be found in a Korean study led by Kim  
et al. (14), which demonstrated that sarcopenia defined 
by L3MI is an independent prognostic factor for SCLC 
patients when using the international consensus of cancer 

Table 3 The univariate and multivariate analysis of overall survival in 
SCLC patients

Variable
Univariate analysis Multivariate analysis

P value HR (95% CI) P value

Age (years)

≥60 0.283 – –

<60

Smoking history

Yes 0.414 – –

No

T stage

T1 Reference – –

T2 0.838

T3 0.873

T4 0.724

N stage

N0 Reference – –

N1 0.39

N2 0.439

N3 0.464

Thoracic radiotherapy

No <0.001 Reference <0.001

Yes 0.410 (0.255–0.660)

Preventive radiotherapy of whole brain

No 0.065 Reference 0.362

Yes 0.795 (0.486–1.301)

Progression after first line treatment

No 0.382 – –

Yes

BMI (kg/m2)

<18.5 Reference – –

18.5–24 0.516

≥24 0.174

L3MI group

Low group 0.007 Reference 0.032

High group 0.623 (0.405–0.960)

SCLC, small cell lung cancer; HR, hazard ratio; CI, confidence 
interval; BMI, body mass index; L3MI, muscle index of the third 
lumbar vertebra. 
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cachexia (L3MI <55 cm2/m2 for men and <39 cm2/m2 for 
women). Furthermore, the latter study (17) showed that the 
presence of sarcopenia evaluated by L3MI at the time of 
diagnosis predicts poor outcomes (median OS of 5.0 months 
for patients with sarcopenia and adipopenia; 8.9 months 
for patients with sarcopenia; and 18.3 months for patients 
without sarcopenia or adipopenia). However, a Japanese 
study by Minami and colleagues found that sarcopenia 
evaluated by psoas muscle mass is not a prognostic marker 
for extensive-stage SCLC patients treated with a standard 
regimen of platinum-based chemotherapy (15).

This discrepancy is interesting because Kim’s study (14) 
also found that the prognostic significance disappeared 
when using the Korean standard to define sarcopenia by 
L3MI (49 cm2/m2 for men and 31 cm2/m2 for women). 
Minami’s research used the Japanese standard instead of 
the international consensus of cancer cachexia to define 
sarcopenia, and they did not find an association between 
sarcopenia and prognosis of extensive-stage SCLC patients. 
Our current study used the international consensus of 
cancer cachexia to define sarcopenia through L3MI because 
no Chinese consensus of sarcopenia has been reached, and 
our results are consistent with Kim’s study (14). 

Considering our study and previous reports (14,15), we 
hypothesize that sarcopenia defined by L3MI has prognostic 
value for SCLC patients, including those with extensive-
stage SCLC. However, the clinical methods and standards 
of sarcopenia evaluation may vary among countries or 
occasions, leading to inconsistent results. Therefore, further 
studies are warranted to investigate the relationship between 
sarcopenia and SCLC, so as to improve the management 
of SCLC patients. Furthermore, the standard of sarcopenia 
defined by L3MI requires more consideration if it is to be 
used to predict prognosis of cancer patients.

A previous study by Kim et al. (17) reported that 
in SCLC patients, sarcopenia defined by L3MI was 
significantly associated with inflammatory markers, 
specifically, a high Neutrophil-to-lymphocyte ratio（NLR） 
and CRP, and a low lymphocyte count and serum albumin 
levels. However, in our current research, there were no 
differences in inflammatory markers (WBC, NEU, LY, 
ALB, LDH, and CRP) between the high and low L3MI 
groups. Our results also suggested that BMI is not a 
prognostic factor for extensive-stage SCLC patients and 
this result is consistent with previous study (18), although in 
NSCLC, a lower BMI is associated with poor OS (19,20). 

There were some limitations to this investigation. 
First, the sample size was small and it may not be 

possible to extend our results to all extensive-stage SCLC 
patients. Second, the nutritional status of patients and the 
retrospective nature of the study may have caused bias. 
Third, in our study, the international consensus of cancer 
cachexia was used to define sarcopenia. Future studies 
should develop ethnic-specific cutoffs for sarcopenia defined 
by L3MI.

Conclusions

In conclusion, this study demonstrated that sarcopenia 
defined by L3MI is a prognostic factor for extensive-stage 
SCLC patients and early intervention for muscle mass may 
result in a better prognosis for such patients.
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