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ABSTRACT

The objective of this study was to assess the impact of visceral adipose tissue (VAT), subcutaneous adipose tissue (SAT), skeletal 
muscle mass volume (SMMV), and VAT/SAT ratio on the prognosis of therapy naive metastatic non-small cell lung cancer (NSCLC) 
patients undergoing different therapy regimens.  Eighty three patients with stage-IV NSCLC who were received at least one cycle of 
platinum-based chemotherapy (PBCT) or tyrosine kinase inhibitor (TKI) therapy included in this retrospective study. Pre-treatment 
multi-slice and single-slice computed tomography images of PET/CT scans were used for the assessment of body composition. The 
effect of anthropometric measurements on clinical outcomes for advanced NSCLC patients was investigated with survival analysis for 
each treatment subgroup. In univariate analyses, female gender (p= 0.03), presence of bone metastasis (p= 0.02), presence of adrenal 
metastasis (p< 0.005), SAT volume (p= 0.01), VAT/SAT ratio (p= 0.02) and serum albumin levels (p= 0.01) were found to be statisti-
cally significant for overall survival (OS) in TKI treatment group. In multivariate analyses, only serum albumin level (p< 0.005) remained 
an independent risk factor. No significant results were found in the PBCT treatment group. Single-slice volume calculation method 
for VAT measurement was highly correlated with a multi-slice method which reflects the entire abdominopelvic region. In conclusion, 
our study indicates that adipose tissue and muscle mass volume alone do not significantly affect survival in patients with metastatic 
NSCLC. However, hypoalbuminemia was identified as an independent negative prognostic factor.

Keywords: Body composition, Multi-slice computed tomography, Non-small cell lung cancer, Subcutaneous adipose tissue, Visceral 
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INTRODUCTION

Lung cancer is one of the leading causes of cancer-
related mortality worldwide, with 2.2 million 
newly diagnosed cases and 1.8 million deaths 
reported in 2020.1 Non-small cell lung cancer 
(NSCLC) accounts for 85% of all cases. At the time 
of diagnosis, approximately 20% of this subgroup 
have locally advanced disease (stage III) and about 
50% have metastatic (stage IV) disease. The 5-year 
survival rate for patients with metastatic disease 
under standard regimen is less than 6%. Targeted 
therapy (tyrosine kinase inhibitors; TKIs), immune 
checkpoint inhibitors (ICIs), or platinum-based 

chemotherapy (PBCT) regimens are used in 
the treatment of metastatic NSCLC, based on 
molecular characteristics.2

The effect of body mass index (BMI) and body 
composition on the survival rate is one of the 
research topics of interest in cancer patients. BMI 
is often used as a proxy measure of total adiposity 
and previous studies examining the relationship 
between BMI and cancer outcomes have shown 
distinct results.3 Obese patients with malignancies 
such as colorectal, breast, and pancreatic cancers, 
have been shown to have a worse prognosis than 
normal-weight patients.4-6
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Nevertheless, obese patients with NSCLC have 
been observed to have a better clinical outcome 
than normal/low-weight cancer patients.7 On the 
other side, sarcopenia, defined as a loss in skeletal 
muscle mass volume (SMMV) is associated with 
poor prognosis in many malignancies as in lung 
cancer.8 The term sarcopenia was first used by 
Baumgartner to describe the age-related loss of 
muscle mass seen in older adults. Over the last 
decade, the definition of sarcopenia has been 
adapted in oncology as severe muscle loss and has 
been associated with adverse outcomes.

While BMI is a simple and reproducible measure 
that is used to allocate the weight of study partici-
pants into broad groups, typically underweight, 
normal weight, overweight, and obese, it does not 
clearly reflect body composition, adipose tissue 
(AT) distribution, and total body SMMV.3 Although 
there is no standard procedure for determining the 
distribution of AT and SMMV, studies have con-
sistently reported that computed tomography (CT) 
and magnetic resonance imaging (MRI) can delin-
eate these structures.

Body AT has traditionally been divided into two 
main groups: visceral AT (VAT) and subcutaneous 
AT (SAT).9 Currently, CT is one of the most widely 
used imaging modalities for differentiating VAT 
from SAT; and both the volumes of VAT and SAT, 
and SMMV can be estimated using the single slice 
method.10 This technique has been questioned and 
its limitations are highlighted in the literature.11 
A variety of multiple-slice volume calculation 
methods have been applied in different studies 
and some of them used the entire abdominal area 
of the body to solve these limitations.12 Such a 
comparative study has not been published before 
for these volume calculation methods in the 
literature. 
Based on all the information in the literature, as the 
primary aim, we here evaluated the impact of VAT, 
SAT, SMMVs, and VAT/SAT ratio on the prognosis 
of therapy-naïve metastatic NSCLC patients 
undergoing different therapy regimens. The 
secondary aim of this research was to investigate 
the usefulness of single-slice CT assessment of 
visceral abdominal adiposity and the consistency 
of the results obtained with the multi-slice volume 
calculation method for the entire abdominal area.

PATIENTS AND METHODS

Study Design and Patient Selection

Eighty-three patients with stage-IV NSCLC who 
received at least one cycle of PBCT or TKI therapy 
and who underwent pre treatment FDG PET/CT 
from June 2012 to February 2019 were enrolled in 
this single center retrospective study.

Medical records were reviewed to extract the 
required clinical data [age, smoking history, height, 
weight, Eastern Cooperative Oncology Group 
(ECOG) performance status score,  biochemical 
parameters [C-reactive protein (CRP), albumin, 
calcium, lactate dehydrogenase (LDH) and alkaline 
phosphatase (ALP) serum levels], diagnosis 
date, tumor histology, driver mutations, stage at 
diagnosis, metastasis regions, treatment type and 
content, and survival.

Clinical T/N/M stage was determined according to 
the eight editions of the American Joint Committee 
on Cancer (AJCC). The BMI of each patient was 
calculated with the formula of weight/height² (kg/
m²) and body surface area ([Height (cm) x Weight 
(kg)] / 3600) ½ (m²). Overall survival (OS) was 
defined as the time (month) from the beginning 
of the first-line treatment until death or until the 
present time.

Imaging Analysis

All patients had undergone whole-body 18F-FDG 
PET/CT (GE Discovery ST; GE Healthcare, Mil-
waukee, WI) imaging and multi-slice CT was per-
formed with a multidetector ST helical scanner 
using slip ring technology. All patients fasted for 
6 hours before the PET/CT scan. Approximately 1 
hour later, a multi-slice CT scan was acquired us-
ing a 16-slice multidetector scanner (Parameters: 
80 mA, 140kV, table speed: 27 mm/rotation, and 
slice thickness: 7 mm) of areas from the upper 
thigh to the skull base. A standard whole body PET 
scan was performed in 3D mode with an acquisi-
tion time of 4 minutes per bed position covering 
the same field as the CT scan. Acquired data were 
reconstructed using an iterative algorithm and 
CT images without contrast enhancement were 
acquired for attenuation correction. Next, the ac-
quisition data were transferred to a workstation 
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(Advantage Windows Server 4.5; GE Healthcare) 
for manual segmentation and interpretation. CT 
images were reviewed in transaxial, coronal, and 
sagittal views, and evaluated by two experienced 
nuclear medicine physicians.

Due to the heterogeneous distribution of VAT, the 
entire abdominopelvic region from the “diaphragm 
dome” to the “symphysis pubis” level was de-
termined as the study area (Figure 1 A2, B). For 
SMMV calculation, paraspinal muscle tissue lo-
cated between L2-L5 lumbar vertebrae levels was 
determined (Figure-1 C). “Hounsfield Unit” (HU) 
values were used for VAT, SAT and SMMV calcu-
lations. To isolate tissue voxels, thresholding was 
applied with HU values between; -190 and -30 
HU values for AT and -29 and +150 HU values for 
muscle tissue, respectively.10 The excessive breast 
tissue, pericardial, intermuscular, and deep subcu-
taneous AT were manually excluded to minimize 
gender-related bias. Index values were calculated 
by proportioning VAT, SAT, and SMMVs to body 

surface area (BSA). For single-slice volume calcu-
lation of VAT, the segmentation method was based 
on measurements obtained from manual segmenta-
tion of one CT slice at the spinous process of the 

Figure 1. Examples of segmentation of visceral adipose tissue 
(VAT), subcutaneous adipose tissue (SAT), and skeletal muscle 
mass volume (SMMV).

Table 1. Patient characteristics (n= 83)

		  TKIs, n (%)	 PBC, n(%)

Gender	

	 Male	 12 (36.4%)	 46 (92%)

	 Female	 21 (63.6%)	 4 (8%)

ECOG PS	

	 PS 0-1	 28 (84%)	 43 (86%)

	 PS 2-3	 5 (15%)	 7 (14%)

Histopathology	

	 Adenocarcinoma	 33 (100%)	 35 (70%)

	 Squamous cell	 0	 15 (15%)

	     carcinoma

Smoking status	

	 Non-smoker	 20 (61%)	 4 (8%)

	 Smoker	 8 (24%)	 43 (86%)

	 Unknown	 5 (15%)	 3 (6%)

T stage	

	 T1-2	 10 (33%)	 15 (30%)

	 T3-4	 22 (66%)	 32 (64%)

N stage	

	 Negative	 2 (6%)	 5 (10%)

	 Positive	 30 (91%)	 45 (90%)

Mutation status	

	 Positive	 33 (100%)	 1 (2%)

	 Negative	 0	 37 (74%)

	 Unknown	 0	 12 (24%)

Mutation type	

	 EGFR	 27 (82%)	 1 (2%)

	 ALK	 4 (12%)	 0

	 ROS1	 2 (6%)	 0

PDL1 expression	

	 Positive	 1 (3%)	 2 (4%)

	 Negative	 2 (6%)	 3 (6%)

	 Unknown	 30 (91%)	 45 (90%)

Metastasis	

	 Bone	 15 (46%)	 29 (58%)

	 Pleura	 13 (39%)	 17 (34%)

	 Brain	 11 (33%)	 24 (48%)

	 Surrenal gland	 6 (18%)	 10 (20%)

	 Liver	 3 (9%)	 4 (8%)

Metastasis site	

	 1	 22 (67%)	 22 (44%)

	 >1	 11 (33%)	 28 (56%)

TKIs= Tyrosine kinase inhibitors; PBCT= platinum-based chemother-
apy; ECOG PS= Eastern Cooperative Oncology Group Performance 

Status.
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third lumbar vertebra (L3)  (Figure 1 A1). The data 
obtained with the single-slice segmentation meth-
od was compared with the results of the multi-slice 
method for the entire abdominal cavity. 

This study was performed with local institution-
al review board approval –Marmara University 
School of Medicine Ethics Comitte– (dated De-
cember 2019; No: 09.2019.1026).

Statistical Analysis

Statistical analyses were done separately for two 
treatment subgroups. Descriptive statistics were 
used to present the characteristics of the study 
population. Continuous not-normally distributed 
variables were reported as median (range), while 
categorical variables were expressed as number 
of cases and frequencies (percentage). The 
distribution of numerical data was determined by 
Kolmogorov-Smirnov and Shapiro-Wilk tests. 
The correlation of the single slice segmentation 
method with the multi-slice method for VAT 
volume calculation was tested with Spearman’s 
correlation analysis. Kaplan-Meier method was 
used to analyze the effects of anthropometric 
data and clinicopathological features on survival 

and compared for significance using the log-rank 
test. Univariate and multivariate analyses were 
performed using the Cox proportional hazards 
model to determine independent prognostic 
variables for survival rates. Only variables that 
showed significance (p< 0.05) in univariate 
analysis were included in the multivariate analysis. 
All statistical analyses were performed using IBM 
SPSS® software version 25.0. Results with a 95% 
Confidence Interval (CI) and two-sided p< 0.05 
were considered statistically significant.

RESULTS
Characteristics of the Patients
Among the 83 patients included in the study, 50 
patients (60.2%) received PBCT as their first 
line treatment and 33 patients (39.8%) had TKI 
therapy. The median duration of follow-up in the 
PBCT and TKI group was 10 months (range 1.5-75 
months) and 21 months (range 1.3-84.5 months), 
respectively. Twelve patients were alive (2 pts for 
the PBCT group; 10 pts for the TKI group) at the 
time of writing of this manuscript. The main char-
acteristics of the treatment groups are presented in 
Table 1.

Table 2. Anthropometric measurements

	 TKIs median (25-75 percentile)	 PBCT median (25-75 percentile)

VAT-L3 volume (cm3)a  	 122.0 (60.5-205.5)	 125.0 (65.0-205.5)

VAT volume (cm3)b	 3130.0 (1920.5- 4555.0)	 3151.0 (2049.0-4621.0)

SAT volume (cm3)b	 3507.0 (1802.5-5733.0)	 3750.5 (1835.0- 5970.2)

SMM volume (cm3)b	 535.5 (468.7-602.2)	 529.5 (443.2-597.5)

VAT/ BSA (cm3/m2)	 1674.0 (1144.5- 2385.6)	 1755.6 (1169.9-2597.9)

SAT/ BSA (cm3/m2)	 1932.2 (1047.5-3070.5)	 2081.9 (1100.6-3256.0)

SMM/ BSA (cm3/m2)	 298.3 (266.5- 322.5)	 293.7 (259.2-321.5)

VAT/SAT (cm3/ cm2)	 0.9 (0.7- 1.1)	 0.9 (0.7-1.1)

BMI (kg/m2)	 25.5 (21.2- 29.2)	 23.5 (21.2-28.1)

BSA (m2)	 1.7 (1.5- 1.9)	 1.8 (1.6- 1.9)

TKIs, Tyrosine kinase inhibitors; PBCT, platinum-based chemotherapy; VAT-L3, Visseral Adipose Tissue - 3rd lumbar vertebra; VAT, 
Visseral Adipose Tissue; SAT, Subcutaneous Adipose Tissue; SMM, Skeletal Muscle Mass; BSA, Body Surface Area; BMI, Body 
Mass Index.
a (for single-slice volume calculation method)      b (for multi-slice volume calculation method)
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Body Composition
Table 2 shows anthropometric measures of 
the study population for each treatment group. 
It was notable that the data obtained with the 
single-slice segmentation method and multi slice 
volume calculation method were highly correlated 
(spearman Rho 0.972, p< 0.001).

Overall Survival
Univariate and multivariate analyses are shown 
in Table 3. In univariate analyses, female gender 
(hazard ratio, HR= 0.39 [0.17-0.90]; p= 0.03), 
presence of bone metastasis (HR= 2.58 [1.17 5.98]; 
p= 0.02), presence of adrenal metastasis (HR= 6.32 
[2.08-19.15]; p< 0.005), SAT volume (HR= 3.16 

Table 3. Univariate and multivariate analyses for overall survival

			   TKIs					                      PBCT

	 Univariate		  Multivariate			   Univariate		  Multivariate
	 analysis		  analysis				    analysis		  analysis
	 95% Cl			   95% Cl			   95% Cl			   95% Cl

	 HR	     HR	 p	 HR	 HR	 p	 HR	    HR	 p	 HR	 HR	 p

Gender (female)	 0.39	 0.17-0.90	 <0.05	 0.54	 0.07-4.14	 0.55	 1.40	 0.49- 3.96	 0.52	

ECOG PS (0-1)	 0.39	 0.14- 1.07	 0.69				    0.61	 0.26- 1.39	 0.24	

Histopathology

   (adenocarcinoma)	 1.43	 0.19- 10.88	 0.72				    1.06	 0.57- 1.97	 0.83	

Smoking status

   (smoker)	 1.68	 0.69- 4.09	 0.25				    1.16	 0.41- 3.29	 0.76	

T stage	 1.00	 0.70- 1.42	 0.99				    1.21	 0.94- 1.56	 0.13	

N stage	 0.71	 0.44- 1.15	 0.17				    1.15	 0.84- 1.56	 0.36	

Bone metastasis	 2.58	 1.17- 5.98	 <0.05	 1.64	 0.49-5.50	 0.42	 1.22	 0.68- 2.18	 0.48	

Pleura metastasis	 0.80	 0.33- 1.89	 0.61				    0.67	 0.36-1.23	 0.20	

Brain metastasis	 1.23	 0.52-2.91	 0.63				    0.75	 0.41- 1.34	 0.33	

Surrenal metastasis	 6.32	 2.08- 19.15	 <0.001	 1.25	 0.27-5.69	 0.77	 1.10	 0.54- 2.23	 0.78	

Liver metastasis	 0.83	 0.19-3.58	 0.81				    1.84	 0.64- 5.27	 0.25	

Metastasis site	 2.06	 0.88- 4.85	 0.09				    0.84	 0.47- 1.51	 0.57	

VAT-L3 (cm3)a	 0.43	 0.18-1.05	 0.06				    0.86	 0.48-1.56	 0.63	

VAT volume (cm3)b	 1.40	 0.61- 3.19	 0.42				    1.28	 0.72- 2.27	 0.38	

SAT volume (cm3)	 3.16	 1.31- 7.61	 <0.05	 0.69	 0.17-2.73	 0.59	 0.67	 0.38- 1.19	 0.18	

SMM volume (cm3)	 0.75	 0.32- 1.71	 0.49				    1.01	 0.57- 1.79	 0.96	

VAT/BSA (cm3/m2)	 0.98	 0.43-2.23	 0.96				    0.79	 0.45- 1.41	 0.43	

SAT/BSA (cm3/m2)	 2.78	 1.15- 6.68	 <0.05	 0.69	 0.17-2.73	 0.59	 0.72	 0.41- 1.28	 0.27	

SMMV/BSA (cm3/m2)	 0.76	 0.32-1.77	 0.76				    1.23	 0.67-2.25	 0.50	

VAT/SAT (cm3/cm2)	 0.36	 0.15- 0.88	 <0.05	 1.76	 0.33-9.38	 0.50	 1.15	 0.65- 2.03	 0.62	

BMI (kg/m2)	 1.23	 054- 2.80	 0.61				    0.70	 0.39- 1.24	 0.22	

BSA (m2)	 1.04	 0.45- 2.37	 0.92				    0.92	 0.52- 1.64	 0.79	

Albumin (<3.5 mg/dL)	 3.99	 1.36-11.69	 <0.05	 0.10	 0.02-0.41	 <0.001	 1.29	 0.46-3.64	 0.62	

Calcium (<10.5 mg/dL)	1.06	 0.36-3.13	 0.92				    1.02	 0.77-1.34	 0.91	

ALP (<120 U/L)	 1.19	 0.37-3.75	 0.76				    0.97	 0.52-1.81	 0.93	

LDH (<248 U/L)	 1.47	 0.53-4.08	 0.45				    1.00	 1.00-1.01	 0.44	

CRP (<5 mg/dL)	 1.63	 0.36-7.41	 0.52				    1.00	 0.99-1.00	 0.86	

ECOG PS= Eastern Cooperative Oncology Group Performance Status; VAT-L3= Visseral Adipose Tissue - 3rd lumbar vertebra; VAT= Visceral Adipose 
Tissue; SAT= Subcutaneous Adipose Tissue; SMM= Skeletal Muscle Mass; BSA= Body Surface Area; SMMV= Skeletal Muscle Mass Volume; 
BMI= Body Mass Index; ALP= Alkaline Phosphatase; LDH= Lactate Dehydrogenase; CRP= C Reactive Protein.
a for single-slice volume calculation method       b for multi-slice volume calculation method
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[1.31-7.61]; p= 0.01), SAT/BSA ratio (HR= 2.78 
[1.15-6.68]; p= 0.02), VAT/SAT ratio (HR= 0.36 
[0.15-0.88]; p= 0.02) and serum albumin levels 
(HR= 3.99 [1.36 11.69]; p= 0.01) were found to 
be statistically significant for OS in TKI treatment 
group. Contrary, no significant relationship was 
observed between VAT volume, SMMV, and OS. 
In multivariate analyses, only serum albumin level 
(HR= 0.10 [0.02-0.41]; p< 0.005) remained as an 
independent risk factor. No significant results were 
found in the univariate and multivariate analyses in 
the PBCT treatment group.

DISCUSSION

To the best of our knowledge, this is the first 
study to investigate the consistency of the results 
obtained with single-slice and multi-slice volume 
calculation methods for VAT in therapy-naïve 
patients diagnosed with advanced-stage NSCLC. 
The authors wanted to prove, at least in principle, 
that the multi-slice method for the entire abdominal 
cavity can yield different results for OS rates 
in patients with stage IV NSCLC who received 
PBCT or TKI treatment compared to the single-
slice method. Neither single slice nor multi slice 
method could demonstrate a significant correlation 
between the volumes of VAT with OS in each 
treatment group. Interestingly, it was observed that 
the subjects with a low VAT/SAT ratio and higher 
SAT volumes were found to have statistically 
significant increased OS compared to those with 
lower SAT volumes in the TKI treatment group.

Although several segmentation methods have 
been proposed for quantifying VAT and SAT, 
standardization has not yet been achieved, and 
more validation studies are needed.13,14 Mourtza-
kis et al. showed that regional analysis of fat and 
fat-free tissue at the level of 3rd lumbar verte-
brae with CT strongly predicted whole-body fat 
and fat-free mass.15 In a recent study, Schaudinn 
et al. reported that total VAT volume can be rap-
idly estimated by VAT segmentation of axial CT 
sections at sex-specific lumbar intervertebral disk 
spaces.16 Additionally, newly developed automatic 
segmentation methods can be used to determine 
approximate equations for VAT volume measured 
from segmented VAT areas on all axial CT sections 

between the diaphragm and pelvic floor.12,16 In this 
study, the authors preferred to compare these ap-
proaches (single-slice method for one plane vs 
multiple-slice method for whole abdominal cav-
ity) in the same subgroups of patients who were 
diagnosed with malignancy. It was found that the 
measured and calculated volumes of VAT and SAT 
were not significantly different. These preliminary 
results showed that a single-slice based approach 
for assessing the adequacy of acquired VAT vol-
umes worked reasonably well in the case of cancer 
patients.

In recent years a new direction of research has 
emerged, which tries to directly explain the role of 
VAT and SAT in the pathogenesis and therapeutic 
outcomes of different malignancies. VAT has unique 
endocrine functions and produces some cancer-
promoting factors including adipocytokines, 
proangiogenic cytokines, proinflammatory 
cytokines/chemokines such as insulin-like growth 
factor, fibroblast growth factor-2, tumor necrosis 
factor alpha, interleukin 6, omentin-1, visfatin, 
vaspin.17-23  It has been hypothesized and then 
proven that VAT produced metabolites may have 
a direct influence on obesity associated colorectal 
carcinoma aggressiveness and progression.18,24 
Chakraborty and colleagues reported that VAT 
promotes ultraviolet radiation (UVR)-induced skin 
carcinogenesis.20 Another study demonstrated that 
VAT modulates the cellular response to radiation 
in esophageal adenocarcinoma.25 Furthermore, 
there are studies in the literature analyzing the 
relationship between VAT and some malignancies, 
such as colorectal carcinoma, breast cancer, head 
and neck cancer, gastric cancer, pancreatic ductal 
adenocarcinoma, liver cancer, and genitourinary 
cancers (renal, prostate, ovarian, testicular and 
endometrial).23,26-32

There are a few publications on this topic for 
NSCLC patients in the literature. Nattemüller et al. 
found that a higher VAT/SAT ratio was associated 
with lower survival in this patient group.33 In a re-
cent study, Durand et al. found that VAT/SAT ratio 
was an independent predictor of both progression-
free survival and OS for NSCLC.34 Our results 
were compatible with these published studies for 
the TKI treatment subgroup. Another two recent-
ly published studies focused on stage IV NSCLC 
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patients, revealed no significantly association be-
tween higher VAT volumes and poor survival.12,35 
Additionally, Minami et al. couldn’t find any as-
sociation between the efficacy of ICI therapy and 
visceral adiposity in pretreated NSCLC patients.36 
Based on these literature findings, including our 
study, it can be assumed that different treatment 
approaches and patterns of adipose tissue distribu-
tion affect prognosis in different ways in NSCLC.
It is thought that peripheral SAT is less metaboli-
cally active than VAT and is the major source of 
leptin.37-39 Ebadi et al. reported that lower SAT vol-
ume in patients with gastrointestinal, respiratory, 
and renal cancer was associated with increased 
overall mortality compared to cancer patients with 
high SAT volume.40 Additionally, Lee et al. showed 
that lower SAT volume was associated with mortal-
ity in NSCLC patients.41 Unlike our research, Lee’s 
study did not include stage IV NSCLC patients and 
did not focus specifically on therapy naïve patients 
undergoing different chemotherapy regimens. Tak-
en together, these studies suggested that lower SAT 
volume was associated with overall mortality in all 
stages of NSCLC, especially among the subgroup 
of patients treated with PBCT.
If we focus only on the data acquired for TKI 
treatment, the most comprehensive study on this 
topic for NSCLC was published by Minami and 
colleagues.36 They found that visceral obesity and 
high VAT/SAT ratio were not associated with prog-
nosis. The main difference in our study is that it 
included a small number of patients with a more 
specific group. We preferred to work with a group 
of stage IV NSCLC patients who had never re-
ceived any treatment before. More research studies 
are needed to further define the prognostic role of 
visceral obesity in NSCLC patients, especially this 
type of specialized treatment.
Another aspect of our study was to evaluate the 
impact of SMMV (unlike other studies, we used 
VOIs with higher muscle mass volumes instead of 
cross-sectional ROIs). There are more studies in 
the literature on this subject for NSCLC patients. 
In a recently published metanalysis of 11 studies 
with a total 1544 patients by Yang et al., the au-
thors found that sarcopenia was an independent 
predictor of shorter OS in both stage I-II NSCLC 
and stage III-IV NSCLC.42 Additionally for stage 

I NSCLC cases, two different studies (n= 215, 
n= 315, respectively) demonstrated that sarcope-
nia was significantly associated with unfavorable 
prognosis.43,44 Similar results were obtained in an-
other study (n= 69) with stage IIIA NSCLC cases.45 
In this study, sarcopenia was not associated with 
poor prognosis in therapy-naïve stage IV NSCLC 
patients undergoing different chemotherapy regi-
mens (neither treated with PBCT nor TKI group). 
In light of these literature data, it can be concluded 
that the negative prognostic effects of sarcope-
nia are seen especially in the first three stages of 
NSCLC.
Our study showed that hypoalbuminemia was in-
dependently associated with shorter survival in 
metastatic NSCLC patients undergoing TKI treat-
ment. Malnutrition and systemic inflammation 
are the leading causes of suppression of albumin 
synthesis, that can contribute to increased chemo-
therapy toxicity, including anemia, fatigue, and an-
orexia. Due to these hypotheses, hypoalbuminemia 
has been demonstrated to have negative prognostic 
value in cancer patients. Our results were consist-
ent with those of previous studies.46

The main limitations of our study include its retro-
spective and single institutional design. The rela-
tively small sample size is another limitation. The 
main strength of our study is that, for the first time, 
various techniques of volume calculation methods 
were used for a specific research objective. In ad-
dition, we also focused on a specific subgroup of 
NSCLC patients. We hope that this study will shed 
light on relevant studies in the future.
In conclusion, despite the heterogeneous distribu-
tion of VAT, the single-slice volume calculation 
method was highly correlated with the multi-slice 
method which reflects the entire abdominopelvic 
region and it seems that the third lumbar vertebra 
level can be preferred for VAT volume calculation. 
Additionally, in this study we have shown that 
therapy-naïve metastatic NSCLC patients with a 
low VAT/SAT ratio and higher SAT volumes were 
found to have statistically significant increased 
OS compared to those with lower SAT volumes in 
the TKI treatment group. No significant relation-
ship was observed between the volumes of VAT 
and SMMV, and OS in therapy-naïve metastatic 
NSCLC patients. Our study also showed that hy-
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poalbuminemia has independently a negative prog-
nostic value in metastatic NSCLC patients under-
going TKI treatment. Further studies with a larger 
series of patients are warranted to better delineate 
the clinical relevance of this observation.
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