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Muscle Quality Predicts Outcomes after Surgery 
for Early-Stage Non–Small-Cell Lung Cancer
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Introduction

Lung cancer is a leading cause of cancer-related death 
worldwide.1) Surgery is the standard treatment strategy 

for early-stage lung cancer, and many previous studies 
have reported prognostic factors after surgery that are 
associated with tumor characteristics and patient 
background.2)

Sarcopenia, which is characterized by a progressive 
and generalized loss of skeletal muscle and strength, was 
first reported in 1997.3) This loss is caused by various 
mechanisms, such as aging-related changes, inadequate 
nutrition/malabsorption, neurodegenerative disease, 
physical inactivity, insulin resistance, and cachexia.3,4) In 
recent years, sarcopenia has been identified as an import-
ant prognostic factor after surgery for lung cancer.5,6) 
Moreover, we have easily been able to assess the body 
composition in terms of muscle mass and adipose tissue 
due to the greater availability of imaging systems such as 
computed tomography (CT), and several studies have 
reported that skeletal muscle quality evaluated by mea-
suring intramuscular adipose tissue content (IMAC) is 
related to poor postoperative outcomes in patients with 
abdominal cancer or cardiovascular disease.7–9)

Purpose: This study investigated the impact of skeletal muscle quality on the outcomes of 
patients undergoing surgery for early-stage non–small-cell lung cancer (NSCLC).
Methods: A total of 98 patients with pathological stage I–II NSCLC who underwent 
lobectomy or segmentectomy were retrospectively analyzed. Along with skeletal muscle 
quantity, muscle quality was evaluated by intramuscular adipose tissue content (IMAC) 
at the first lumbar vertebral level; a higher IMAC indicates lower skeletal muscle quality. 
Patients were divided into two groups according to the gender-specific quartiles of IMAC, 
and the prognostic impact of IMAC was investigated.
Results: No significant differences in the body and skeletal mass indices, which indicate 
skeletal muscle quantity, were observed between patients with high and those with nor-
mal IMAC. Patients with high IMAC (n = 23) showed a significantly poorer prognosis in 
overall and disease-specific survivals than those with normal IMAC (n = 75; P <0.001 and 
P = 0.048, respectively). In a bivariate analysis that included other clinicopathological 
factors, a high IMAC was independently associated with worse overall survival.
Conclusion: The skeletal muscle quality evaluated by IMAC could be used to predict sur-
vival risk after surgery for early-stage NSCLC.
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Muscle Quality Predicts Outcomes after Surgery

To the best of our knowledge, there are no reports on 
the association between skeletal muscle quality and post-
operative outcomes in patients with lung cancer. This 
study investigated the impact of muscle quality as well as 
quantity on outcomes in patients undergoing surgery for 
early-stage non–small-cell lung cancer (NSCLC).

Materials and Methods

The Institutional Review Board (IRB) approved this 
retrospective review and waived the need for obtaining 
informed consent from patients (IRB number: 2020-10).

Patient population
The medical records of 175 consecutive patients who 

underwent surgery at the National Hospital Organization 
Higashihiroshima Medical Center between April 2012 
and March 2016 were evaluated. Patients who 
underwent wedge resection, had other histological types 
except for NSCLC, had greater than pathological 

stage III lung cancer, underwent preoperative therapy, 
had incompletely resected tumors (R1), and were lost to 
follow-up were excluded, and the remaining 98 patients 
with pathological stage I–II NSCLC who underwent 
curative surgery via lobectomy or segmentectomy with-
out induction therapy were evaluated (Supplementary 
Fig. 1; all supplementary files are available online.).

Preoperative staging was determined through high- 
resolution computed tomography (HRCT) and 18- fluoro- 
2-deoxyglucose positron emission tomography/CT. 
Tumors were staged according to the TNM Classification 
of Malignant Tumors, 7th edition.10) Pathological diagno-
sis was based on the WHO Classification of Tumours of 
the Lung, Pleura, Thymus and Heart.11)

HRCT imaging
We performed preoperative plain chest CT at the first 

lumbar vertebral level to assess the quality and quantity 
of the skeletal muscles (Figs. 1a and 1b). All patients 
underwent chest CT within 1 month before surgery.

Fig. 1  Preoperative skeletal muscle quality and quantity were evaluated at the first lumbar vertebral level 
using CT. (a) Representative example of low quality and normal quantity of skeletal muscle. (b) 
Representative example of normal quality and quantity of skeletal muscle. (c) Skeletal muscle 
mass of the paraspinal and chest–abdominal wall muscles was quantified using an attenuation 
value of −29 to −150 HU (green area). (d) To calculate IMAC, the CT attenuation values of the 
paraspinal muscles (yellow area) and subcutaneous fat (four yellow small circles) were examined. 
CT: computed tomography; HU: Hounsfield unit; IMAC: Intramuscular adipose tissue content 
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The truncal muscle area was quantified using the 
SYNAPSE VINCENT (Fujifilm Medical, Tokyo, Japan) 
image analysis software, and attenuation values from 
-29 to 150 Hounsfield unit (HU) were used.

The skeletal muscle quantity was evaluated using the 
skeletal mass index (SMI), which was calculated as the 
ratio of the cross-sectional areas of truncal muscle 
(cm2) to the squared height of the patient (m2). 
The truncal muscles comprised the paraspinal and 
chest–abdominal wall muscles (Fig. 1c). Skeletal mus-
cle quality was evaluated by IMAC and was calculated 
preoperatively as the ratio of the CT attenuation value 
of the paravertebral muscles, measured by tracing the 
preoperative CT images (HU), to the subcutaneous fat 
(HU) (Fig. 1d). CT values were measured for the region 
of interests (ROIs) of four circles on subcutaneous fat. 
The mean values of these four ROIs were used as the 
ROI to assess the subcutaneous fat. A higher IMAC 
indicated a higher amount of adipose tissue within the 
skeletal muscle, and hence, indicated lower skeletal 
muscle quality.

Follow-up evaluation
All patients were followed up from the day of the 

surgery. For the first 2 years, postoperative follow-up 
comprised a physical examination and chest radiograph 
every 3 months and a chest and abdominal CT examina-
tion every 6 months. In subsequent years, physical exam-
inations and chest radiographs were conducted every 
6 months, and chest and abdominal CT scans were 
performed every year.

Cutoff values of IMAC and SMI
The cutoff values of SMI and IMAC were determined 

separately for men and women. Patients were divided 
into two groups according to the gender-specific quar-
tiles of IMAC (upper quartiles, -0.38 and -0.34 for men 
and women, respectively) or SMI (lower quartiles, 31.9 
and 28.0 cm2/m2 for men and women, respectively). A 
high IMAC, or low muscle quality, was defined as greater 
than or equal to the IMAC cutoff value; similarly, a low 
SMI, or low muscle quantity, was defined as less than or 
equal to the SMI cutoff value. The prognosis of patients 
with a high IMAC or low SMI was compared with that of 
those with normal IMAC or SMI.

Statistical analysis
Normally distributed continuous variables were 

reported as mean (standard deviation) and compared 

using the Student’s-t test. Nonnormally distributed 
continuous variables were reported as median and inter-
quartile range (IQR) and compared using the Wilcoxon 
rank-sum test. Categorical variables were compared 
using the chi-squared or Fisher’s exact tests and were 
used to compare frequencies. Overall survival (OS) was 
defined as the time from surgery to death from any cause. 
Disease-specific survival (DSS) was defined as the time 
from surgery to death from lung cancer. Survival data 
were estimated using the Kaplan–Meier method and 
compared using a log-rank test.

The prognostic significance of the IMAC for OS and 
DSS was assessed using univariate and bivariate 
analyses with the Cox proportional hazards model 
adjusted for the clinicopathological factors of age, sex, 
body mass index (BMI), smoking history, albumin, 
neutrophil-to-lymphocyte ratio, prognostic nutritional 
index (PNI), modified Glasgow prognostic score 
(mGPS), carcinoembryonic antigen (CEA), tumor 
location, surgical procedure, histological type, lympho-
vascular invasion, pleural invasion, pathological stage, 
and SMI. PNI and mGPS were calculated as previously 
described.12,13) The statistical analysis was performed 
using JMP version 14 (SAS Institute, Cary, NC, USA). 
A P-value of <0.05 was considered statistically 
significant.

Results

Patient characteristics
Table 1 summarizes the characteristics of the 98 

patients. Patients with high IMAC were older (P = 
0.039). Nineteen (82.6%) patients with high IMAC and 
55 (73.3%) with normal IMAC were aged ≥65 years. No 
significant differences in BMI (kg/height2) and SMI 
(area/height2) were observed between patients with high 
and normal IMAC.

Prognosis after surgery for lung cancer by IMAC or 
SMI

The median follow-up duration was 59 months. 
Deaths were observed in six (26.1%) patients with high 
IMAC and three (4.0%) with normal IMAC. Regarding 
the cause of death, deaths due to primary NSCLC were 
observed in three (13.0%) patients with high IMAC and 
three (4.0%) with normal IMAC. Furthermore, deaths 
due to other diseases were observed in three (13.0%; two 
aspiration pneumonia and one interstitial pneumonia) 
patients with high IMAC and none with normal IMAC. 
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Table 1 Characteristics of patients classified according to the IMAC

Variables
Value

P-value
Normal IMAC (n = 75) High IMAC (n = 23)

Age (years), mean ± SD 67.4 ± 10.1 72.1 ± 7.2 0.039
Sex, n (%) 1.0
 Male 39 (52.0) 12 (52.2)
 Female 36 (48.0) 11 (47.8)
BMI (kg/m2), median (IQR) 22.3 (20.1–24.8) 24.0 (21.6–25.9) 0.063
Smoking, n (%)
 Yes 39 (52.0) 13 (56.5) 0.81
Diabetes mellitus, n (%) 12 (16.0) 4 (17.4) 1.0
Interstitial pneumonia, n (%) 2 (2.7) 1 (4.4) 0.56
FEV1 (L), median (IQR) 2.26 (1.85–2.62) 2.27 (1.92–2.56) 0.82
VC (L), median (IQR) 3.16 (2.55–3.60) 3.01 (2.58–3.44) 0.37
Alb (g/dL), median (IQR) 4.2 (3.9–4.5) 4.1 (3.9–4.4) 0.25
NLR, n (%) 0.18
 ≥3 21 (28.0) 3 (13.0)
 <3 54 (72.0) 20 (87.0)
PNI, n (%) 0.45
 ≤40 22 (29.3) 9 (39.1)
 >40 53 (70.7) 14 (60.9)
mGPS, n (%) 0.26
 0 64 (85.3) 22 (95.7)
 1 8 (10.7) 0 (0)
 2 3 (4.0) 1 (4.4)
CEA (ng/mL), median (IQR) 2.6 (1.7–3.8) 2.6 (1.8–3.8) 0.74
Nodule location, n (%) 0.38
 Right upper lobe 22 (29.3) 10 (43.5)
 Right middle lobe 4 (5.3) 0 (0)
 Right lower lobe 19 (25.3) 5 (21.8)
 Left upper lobe 20 (26.7) 3 (13.0)
 Left lower lobe 10 (13.3) 5 (21.7)
Surgical procedure, n (%) 0.60
 Segmentectomy 19 (25.3) 7 (30.4)
 Lobectomy 56 (74.7) 16 (69.6)
Histological type, n (%) 0.52
 Adenocarcinoma 64 (85.3) 18 (78.3)
 Others 11 (14.7) 5 (21.7)
Pleural invasion, n (%) 0.75
 Present 11 (14.7) 4 (17.4)
Vascular invasion, n (%) 0.61
 Present 26 (34.7) 6 (26.1)
Lymphatic invasion, n (%) 0.58
 Present 17 (22.7) 7 (30.4)
Pathological stage, n (%) 0.63
 Stage IA 50 (66.7) 13 (56.5)
 Stage IB 14 (18.7) 5 (21.7)
 Stage IIA 5 (6.7) 3 (13.0)
 Stage IIB 6 (8.0) 2 (8.7)
Adjuvant therapy, n (%) 25 (33.3) 8 (34.8) 1.0
SMI, n (%) 1.0
 Low 18 (24.0) 5 (21.7)
 Normal 57 (76.0) 18 (78.3)

Alb: albumin; BMI: body mass index; CEA: carcinoembryonic antigen; FEV1: forced expiratory volume in 1 second; HR: hazard 
ratio; IMAC: intramuscular adipose tissue content; IQR: interquartile range; mGPS: modified Glasgow prognostic score; NLR: 
neutrophil-to-lymphocyte ratio; PNI: prognostic nutritional index; SD: standardized difference; SMI: skeletal muscle mass index; VC: 
vital capacity
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In addition, recurrences were observed in four (17.4%) 
patients with high IMAC and six (8.0%) with normal 
IMAC.

The OS rate was significantly lower in patients with 
high IMAC (n = 23; 5-year OS, 82.4%; 95% CI, 61.3–
93.2) than in patients with normal IMAC (n = 75; 
5-year OS, 97.3%; 95% CI, 90.0–99.3; P <0.001; 
Fig. 2a). Similarly, the OS rate was significantly lower 
in patients with low SMI (n = 23; 5-year OS, 82.6%; 
95% CI, 61.8–93.3) than in patients with normal SMI 
(n = 75; 5-year OS, 97.3%; 95% CI, 89.9–99.3; 
P = 0.022; Fig. 2b). According to the pathological 
stage, the OS rate was significantly lower in patients 
with high IMAC (n = 18; 5-year OS, 88.9%; 95% CI, 
64.8–97.2) than in patients with normal IMAC (n = 64; 
5-year OS, 98.4%; 95% CI, 89.7–99.8; P = 0.004; see 
Supplementary Fig. 2a) among patients with patho-
logical stage I NSCLC. Similarly, the OS rate was also 
significantly lower in patients with high IMAC (n = 5; 
5-year OS, 60.0%; 95% CI, 20.0–90.0) than in patients 
with normal IMAC (n = 11; 5-year OS, 90.9%; 95% 
CI, 56.1–98.7; P = 0.046; see Supplementary Fig. 2b) 
among patients with pathological stage II NSCLC. 
The DSS rate was significantly lower in patients with 
high IMAC (n = 23; 5-year DSS, 86.5%; 95% CI, 
65.4–95.6) than in patients with normal IMAC 
(n = 75; 5-year DSS, 97.3%; 95% CI, 90.0–99.3; P = 
0.048; Fig. 3a). Similarly, the DSS rate was signifi-
cantly lower in patients with low SMI (n = 23; 5-year 
DSS, 87.0%; 95% CI, 66.5–95.7) than in patients with 

normal SMI (n = 75; 5-year DSS, 97.3%; 95% CI, 
90.0–99.3; P = 0.013; Fig. 3b).

Risk factors for poor survival in patients undergoing 
surgery for lung cancer

The results of the univariate analysis for OS and DSS 
are shown in Supplementary Table 1 and those of the 
bivariate analysis are shown in Table 2. In univariate 
analysis, a high IMAC (hazard ratio [HR] 13.6; 95% CI, 
3.01–96.0; P <0.001), low SMI (HR 4.15; 95% CI, 1.09–
16.9; P = 0.049), and pleural invasion (HR 6.26; 95% CI, 
1.53–24.0; P = 0.013) were significantly associated with 
worse OS. On the other hand, low SMI (HR 6.51; 95% 
CI, 1.26–47.1; P = 0.026), pleural invasion (HR 14.1; 
95% CI, 2.73–103; P = 0.002), lymphovascular invasion 
(HR 7.82; 95% CI, 1.26–150; P = 0.026), and mGPS 
(HR 7.73; 95% CI, 1.42–42.0; P = 0.020) were signifi-
cantly associated with worse DSS. We determined the 
prognostic significance of IMAC using bivariate analy-
sis. In bivariate analysis, a high IMAC was independently 
associated with worse OS when adjusted for all other 
clinicopathological factors, including SMI (P <0.001). 
However, IMAC was not a prognostic factor for DSS 
when adjusted for age (P = 0.082), sex (P = 0.077), 
smoking history (P = 0.079), albumin (P = 0.11), PNI (P 
= 0.11), CEA (P = 0.078), tumor location (P = 0.063), 
surgical procedure (P = 0.078), histological type (P = 
0.073), lymphovascular invasion (P = 0.59), pleural 
invasion (P = 0.093), pathological stage (P = 0.11), and 
SMI (P = 0.057).

Fig. 2  OS curves of patients classified according to the IMAC or SMI criteria. (a) In all cohorts, 5-year OS was 97.3% (95% CI, 
90.0–99.3) in patients with normal IMAC and 82.4% (95% CI, 61.3–93.2) in patients with high IMAC (P <0.001). (b) In 
all cohorts, 5-year OS was 97.3% (95% CI, 89.9–99.3) in patients with normal SMI and 82.6% (95% CI, 61.8–93.3) in 
patients with low SMI (P = 0.022). CI: confidence interval; IMAC: intramuscular adipose tissue content; OS: overall sur-
vival; SMI: skeletal muscle mass index 
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Discussion

This study compared the survival between patients 
stratified by gender-specific quartiles of IMAC. Patients 
with high IMAC had a significantly worse OS rate than 
those with normal IMAC, indicating that skeletal muscle 
quality is an important prognostic factor in patients 
undergoing surgery for early-stage NSCLC.

Previously, several studies have focused on the impact 
of BMI on postoperative outcomes in patients with lung 
cancer.14) However, the results varied with each study, 
and the importance of BMI as a prognostic factor was 
controversial because it does not accurately reflect the 
differences in individual body composition due to the 
difficulty in distinguishing between muscle and fat. In 
recent years, it has become possible to accurately evalu-
ate body composition in terms of muscle and fat using 
CT. Preoperative low skeletal muscle mass assessed by 
SMI, a component of sarcopenia, is a prognostic factor 
after surgery for various kinds of cancer, including 
NSCLC.5,6,15)

Muscle strength depends not only on muscle mass but 
also on the accumulation of intramuscular adipose tis-
sue. Because adipose tissue infiltration in skeletal mus-
cles could cause cytokine level imbalance, leading to 
systematic dysfunction, such as insulin resistance, 
inflammation associated with increased inflammatory 
cytokines, and immune system dysfunction,16–18) skeletal 
muscle quality assessed by IMAC has attracted attention 
as a new indicator of sarcopenia.7–9) Recently, several 

studies have measured IMAC on preoperative CT and 
reported the impact of IMAC on survival in several dis-
eases.7–9,19,20) Therefore, we investigated the impact of 
IMAC on postoperative prognosis in patients with 
NSCLC. We identified the clinical impact of IMAC in 
patients undergoing surgery for early-stage NSCLC, 
especially on OS rather than DSS. Previous studies on 
liver cancer and lung transplantation have discussed the 
relationship between cytokine level imbalance and 
increased risk of death in patients with high IMAC.7,15,21) 
However, the mechanism of how high IMAC influences 
prognosis has not yet been elucidated in patients with 
lung cancer, and further investigations are required. 
Additionally, previous studies showed that a high IMAC 
was associated with more postoperative complica-
tions.7,9) We could not investigate the impact of IMAC on 
postoperative complications in this study as only a few 
events were observed. Further studies are warranted to 
investigate the impact of preoperative muscle quality on 
postoperative complications.

Although SMI is a well-known indicator of sarcope-
nia, it could be calculated as normal in patients with a 
large amount of intramuscular adipose tissue; measuring 
only muscle quantity could not identify such patients as 
having sarcopenia.21) A previous study suggested that 
CT-determined muscle quality is a better surrogate 
marker of sarcopenia than muscle quantity.22) Likewise, 
bivariate analysis for OS in this study showed a higher 
HR for survival risk in IMAC than that in SMI. Thus, 
measuring muscle quality as well as quantity appears to 

Fig. 3  DSS curves of patients classified according to the IMAC or SMI criteria. (a) In all cohorts, 5-year DSS was 97.3% (95% 
CI, 90.0–99.3) in patients with normal IMAC and 86.5% (95% CI, 65.4–95.6) in patients with high IMAC (P = 0.048). (b) 
In all cohorts, 5-year DSS was 97.3% (95% CI, 90.0–99.3) in patients with normal SMI and 87.0% (95% CI, 66.5–95.7) in 
patients with low SMI (P = 0.013). CI: confidence interval; DSS: disease-specific survival; IMAC: intramuscular adipose 
tissue content; SMI: skeletal muscle mass index 
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be important to predict postoperative survival risk for 
early-stage NSCLC.

There is no standardized measurement of skeletal 
muscle; therefore, identifying which slice level should 
be assessed on chest CT is controversial.6) Some studies 
reported that the muscle mass at the L3 level was useful 
for predicting prognosis.6) However, only a higher lum-
bar spine level can be assessed on chest CT. Further, 
some other studies have reported a correlation between 
the skeletal muscle mass at the L1 level and prognosis in 
patients with lung cancer.5) In a similar manner, we 
assessed body compositions at the first lumbar level and 
our results indicated that an assessment of skeletal mus-
cle at this level using chest CT is a valuable method. As 

the exact muscle to be evaluated is not established, we 
measured the paravertebral muscles that are generally 
chosen to assess sarcopenia in patients with lung cancer. 
Regarding the measurement of subcutaneous fat, previ-
ous studies on abdominal cancer measured subcutaneous 
fat in dorsal areas, whereas we measured subcutaneous 
fat in ventral areas; this was because accurate measure-
ment of dorsal subcutaneous fat is often difficult on chest 
CTs. Further studies are needed to establish more accu-
rate and standardized muscle quality measurements.

Although our study showed that high IMAC, i.e., 
low skeletal muscle quality, adversely affects postoper-
ative prognosis, it is unclear whether preoperative 
interventions can lower IMAC and whether lowering 

Table 2 Bivariate analysis for the prognostic significance of IMAC

Variables
OS DSS

HR (95% CI) P-value HR (95% CI) P-value

IMAC (high vs. normal) 13.7 (2.64–71.6) 0.002 4.92 (0.82–29.7) 0.082
Age (≥65 vs. <65 years) 0.91 (0.18–4.44) 0.90 1.40 (0.16–12.1) 0.76
IMAC (high vs. normal) 13.9 (2.65–73.2) 0.002 5.04 (0.84–30.2) 0.077
Sex (male vs. female) 1.11 (0.29–4.50) 0.74 0.91 (18.2–4.52) 0.91
IMAC (high vs. normal) 21.0 (3.42–128.5) 0.001 7.54 (1.12–50.6) 0.038
BMI (<18.5 vs. ≥18.5) 5.96 (0.98–36.2) 0.052 7.18 (1.16–46.2) 0.038
IMAC (high vs. normal) 12.4 (2.42–64.0) 0.003 4.98 (0.83–29.9) 0.079
Smoking (yes vs. no) 2.25 (0.45–11.3) 0.32 1.60 (0.29–8.82) 0.59
IMAC (high vs. normal) 13.7 (2.54–73.9) 0.002 4.42 (0.73–26.6) 0.11
Alb (≤4 vs. >4) 2.41 (0.64–9.12) 0.19 3.63 (0.66–20.0) 0.14
IMAC (high vs. normal) 17.2 (3.03–97.1) 0.001 6.39 (1.03–39.5) 0.046
NLR (≥3 vs. <3) 2.43 (0.55–10.6) 0.24 3.81 (0.73–20.0) 0.11
IMAC (high vs. normal) 13.6 (2.51–73.4) 0.003 4.31 (0.71–26.1) 0.11
PNI (≤40 vs. >40) 2.43 (0.64–9.18) 0.19 3.71 (0.67–20.5) 0.13
IMAC (high vs. normal) 31.8 (4.55–222.4) <0.001 11.3 (1.53–83.6) 0.018
mGPS (1, 2 vs. 0) 12.9 (2.28–73.2) 0.004 16.3 (2.56–103.6) 0.003
IMAC (high vs. normal) 13.6 (2.63–70.6) 0.002 5.00 (0.83–30.0) 0.078
CEA (>5 vs. ≤5) 1.08 (0.13–8.89) 0.94 1.47 (0.17–12.7) 0.73
IMAC (high vs. normal) 17.6 (3.07–100.8) 0.001 5.48 (0.91–33.0) 0.063
Location (left vs. right) 2.87 (0.70–11.6) 0.14 3.32 (0.60–18.3) 0.16
IMAC (high vs. normal) 13.4 (2.60–69.3) 0.002 5.00 (0.83–30.0) 0.078
Surgery (segmentectomy vs. lobectomy) 0.82 (0.17–4.03) 0.81 0.81 (0.15–4.41) 0.80
IMAC (high vs. normal) 13.1 (2.44–70.6) 0.003 5.17 (0.86–31.2) 0.073
Histological type (AD vs. non-AD) 0.86 (0.19–3.93) 0.85 1.35 (0.15–11.8) 0.79
IMAC (high vs. normal) 17.6 (3.07–100.7) 0.001 5.63 (0.94–33.9) 0.059
LVI (positive vs. negative) 2.99 (0.74–12.1) 0.13 8.49 (0.99–73.0) 0.052
IMAC (high vs. normal) 15.6 (2.85–85.4) 0.002 4.65 (0.77–28.0) 0.093
Pleural invasion (positive vs. negative) 7.26 (1.81–29.1) 0.005 13.6 (2.44–75.6) 0.003
IMAC (high vs. normal) 11.2 (2.16–57.7) 0.004 4.28 (0.70–26.0) 0.11
Pathological stage (II vs. I) 2.55 (0.64–10.1) 0.18 4.26 (0.85–21.4) 0.079
IMAC (high vs. normal) 20.4 (3.42–121.5) <0.001 5.77 (0.95–35.0) 0.057
SMI (low vs. normal) 6.38 (1.56–26.2) 0.010 7.21 (1.30–40.0) 0.024

AD: adenocarcinoma; Alb: albumin; BMI: body mass index; CEA: carcinoembryonic antigen; CI: confidence interval; DSS: dis-
ease-specific survival; HR: hazard ratio; IMAC: intramuscular adipose tissue content; LVI: lymphovascular invasion; mGPS: modified 
Glasgow prognostic score; NLR: neutrophil-to-lymphocyte ratio; OS: overall survival; PNI: prognostic nutritional index; SMI: skeletal 
muscle mass index
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IMAC can improve prognosis for such patients with 
sarcopenia. Sarcopenia is associated with a lack of 
exercise or malnutrition. Previous studies reported that 
perioperative nutritional therapy, including an immu-
nomodulating diet enriched with hydrolyzed whey pep-
tide, branched-chain amino acid nutrients, and 
synbiotics, significantly improved mortality after liver 
transplantation.23) In patients undergoing surgery for 
lung cancer, especially with poor preoperative condi-
tions, preoperative intentional rehabilitation, including 
nutritional support, is beneficial and an effective 
approach for short-term postoperative outcomes.24–26) 
In general, most patients with cancer do not have suffi-
cient time between disease detection and the start of 
therapeutic interventions, such as surgery, due to rapid 
disease progression; therefore, preoperative nutritional 
interventions and rehabilitation should be performed at 
a reasonable time to prevent delays in surgery. Further 
prospective investigations are needed to determine 
whether preoperative short-term nutritional interven-
tions and rehabilitation could lower IMAC and lead to 
better outcomes after surgery.

This study has several limitations. First, it was a 
 single-center retrospective analysis; therefore, the sam-
ple size was relatively limited. Because of the possibility 
of overfitting in multivariate analysis for three or more 
variables due to a few events, we conducted a bivariate 
analysis to determine the prognostic significance of 
IMAC with reference to previous reports.27,28) Second, 
this study lacks information about other indicators that 
define sarcopenia, such as grip strength or lean body 
mass. Third, the cutoff values of IMAC were determined 
using gender-specific quartiles and validation studies 
were not performed. These values could differ between 
study populations, and therefore, optimal cutoff values 
should be established that can be universally applied to 
other research in future studies.

Conclusion

This study demonstrated that preoperative skeletal 
muscle quality as well as quantity is an independent 
postoperative prognostic factor in patients with  early- 
stage NSCLC. Furthermore, preoperative skeletal 
muscle quality evaluated by IMAC could be a more ben-
eficial and promising marker for the prediction of sur-
vival risk than muscle quantity. The results of this study 
suggested that effective preoperative treatment strategies 
for patients with sarcopenia scheduled to undergo 

surgery need to be established for improving postopera-
tive outcomes for early-stage NSCLC.
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