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Low Body Mass Index Is an Independent Prognostic Factor
in Patients With Non-Small Cell Lung Cancer Treated
With Epidermal Growth Factor Receptor
Tyrosine Kinase Inhibitor

Seigo Minami® " ¢, Shouichi Thara?, Kanako Nishimatsu?, Kiyoshi Komuta®

Abstract

Background: Sarcopenia and obesity have been suspected as fac-
tors associated with efficacy of treatment and prognosis in various
malignancies. This study aimed to investigate the association of pre-
treatment sarcopenia and visceral obesity with efficacy and progno-
sis of first- and second-generation epidermal growth factor receptor
(EGFR) tyrosine kinase inhibitor (TKI) for patients with non-small
cell lung cancer (NSCLC) and positive EGFR mutation.

Methods: We retrospectively collected 167 NSCLC patients with mu-
tant EGFR who had started EGFR-TKI monotherapy between October
2007 and August 2018 at our hospital. We classified 167 patients into two
groups, according to the definition of underweight based on the World
Health Organization (WHO) body mass index (BMI) classification and
the Japanese sex-specific cut-off values of the following computed to-
mography (CT) images-assessed markers of pretreatment sarcopenia
or visceral obesity, such as psoas muscle index (PMI), intramuscular
adipose tissue content (IMAC) and visceral-to-subcutaneous fat ratio
(VSR) at lumbar vertebra L3 level. We compared overall survival (OS)
and progression-free survival (PFS) of two groups by Kaplan-Meier
curves and log-rank tests. Using multivariate Cox proportional hazard
analyses adjusted by age, neutrophil-to-lymphocyte ratio, performance
status, EGFR mutation types and EGFR-TKI lines, and extra-pulmo-
nary metastases or three or more than 3 metastatic sites, we searched
independent prognostic factors of OS and PFS of EGFR-TKI therapy.

Results: The OS (median 26.0 vs. 32.3 months, P = 0.02) and PFS
(9.1 vs. 14.8 months, P = 0.03) of patients with BMI < 18.5 were sig-
nificantly shorter than those of patients with BMI > 18.5. However,
there was no significant difference in OS and PFS according to PMI,
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IMAC and VSR. The multivariate analyses detected only BMI < 18.5
as an unfavorable prognostic factor of shorter OS (hazard ratio (HR)
1.70, 95% confidence interval (CI) 1.03 - 2.81, P=0.04) and PFS (HR
1.72,95% CI 1.11 - 2.67, P = 0.02).

Conclusions: Pretreatment underweight was a significant prognostic
factor of poor PFS and OS of EGFR-TKI therapy. However, neither
pretreatment sarcopenia nor visceral obesity was associated with
prognosis of EGFR-TKI. Underweight may be a surrogate for ad-
vanced disease burden.

Keywords: Non-small cell lung cancer; Body mass index; Psoas
muscle index; Intramuscular adipose tissue content; Visceral-to-
subcutaneous fat ratio; Epidermal growth factor mutation; Tyrosine
kinase inhibitor; Sarcopenia

Introduction

Non-small cell lung cancer (NSCLC) is categorized into sev-
eral subsets according to active driver mutations. Among many
driver mutations, epidermal growth factor receptor (EGFR)
is the most important in terms of its frequency, long history,
abundant evidences, and clinically available molecular-target-
ed drugs of tyrosine kinase inhibitors (TKIs). Reviewing many
historic trials that have demonstrated better response, longer
survival benefit and milder toxicity, EGFR-TKIs should be pri-
oritized over conventional cytotoxic chemotherapy for patients
with positive EGFR mutation. The median progression-free
survival time of the first- and second-generation EGFR-TKIs
was approximately 1 year. However, some patients unfortu-
nately experienced early tumor progression.

Body mass index (BMI) is easily calculated only by body
weight (kg) divided by square height (m?). It differentiates
each person as underweight, normal weight, overweight or
obese. Being underweight (BMI < 18.5 kg/m?) at the time of
diagnosis of advanced NSCLC has been reported to be associ-
ated with poor outcomes [1, 2]. However, BMI cannot differ-
entiate fat and muscle mass. There are sometimes considerable
differences between body composition and BMI. Thus, BMI
is not always a reliable parameter of nutritional status [3]. On
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the other hand, visceral adiposity has recently been suggested
as a better predictor of poor outcomes in colorectal carcino-
ma than general obesity measured by BMI [4, 5]. Computed
tomography (CT) scan has been used to measure visceral fat
area (VFA) and subcutaneous fat area (SFA), and the ratio of
VFA/SFA (VSR) as indicators of visceral obesity. In various
solid malignancies, it has been suggested that visceral obesity
is associated with worse outcomes [6-10]. However, to our
knowledge, there is no study evaluating visceral obesity as a
prognostic factor in lung cancer.

Sarcopenia is defined by low muscle strength, low mus-
cle quantity or quality, and low physical performance accord-
ing to the European Working Group on Sarcopenia in Older
People 2 (EWGSOP2) [11]. Although sarcopenia is common
among elderly, it can occur earlier in life due to various causes.
Sarcopenia has been recognized as a poor prognosis indicator
in patients with various malignancies [12]. Using CT cross-
sections, image analysis of skeletal muscle areas has recently
become standard. Among various CT-based muscle indexes,
psoas muscle index (PMI) and intramuscular adipose tissue
content (IMAC) have been widely used to assess skeletal mus-
cle quantity and quality, respectively. An Italian retrospective
study of 33 patients failed to detect sarcopenia as a significant
prognostic factor of molecular-targeted therapy of EGFR-TKI,
gefitinib, for advanced NSCLC [13].

The aim of this study was to investigate BMI, PMI, IMAC
and VSR with prognosis of first- and second-generation EG-
FR-TKIs in patients with mutant EGFR.

Patients and Methods

Patients and study design

This was a single-institutional and retrospective study. The
inclusion criteria were as follows: 1) Pathological diagnosis
of NSCLC; 2) Patients with active EGFR mutation confirmed
by the peptide nucleic acid-locked nucleic acid PCR clamp
method or EGFR gene mutation analysis COBAS version 2,
which had been examined by LSI Medience Cooperation (To-
kyo, Japan); 3) Patients who had initiated gefitinib, erlotinib or
afatinib between October 2007 and August 2018 at our hospi-
tal; 4) CT scan covering L3 level within 3 months and periph-
eral venous blood test within 2 weeks prior to the start of EG-
FR-TKI. We collected the following pretreatment backgrounds
and treatment results: sex, age, height, body weight, smoking
history, cancer histopathology, EGFR mutation status, Eastern
Cooperative Oncology Group (ECOG) performance status
(PS), number of metastatic sites, extra-pulmonary metastases,
numbers of neutrophils and lymphocytes, EGFR-TKI regi-
men, treatment response according to the Response Evalua-
tion Criteria in Solid Tumors (RECIST) version 1.1 [14], pro-
gression-free survival (PFS) and overall survival (OS). PFS
and OS were the intervals between the first day of EGFR-TKI
and progressive disease (PD) or death, and death due to any
causes, respectively. Response rate (RR) and disease control
rate (DCR) were the rates of complete response (CR) + partial
response (PR), and CR + PR + stable disease (SD) in all pa-
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tients, respectively. The neutrophil-to-lymphocyte ratio (NLR)
was calculated by dividing the number of neutrophils by the
number of lymphocytes. The data were cut-off on August 31,
2019. This study observed the Declaration of Helsinki. The
Osaka Police Hospital Ethics Committee approved our study,
and permitted waiver of the written informed consents because
of the retrospective and anonymous study design.

CT image analysis

We used SYNAPSE VINCENT software (Fujifilm Medical, To-
kyo, Japan), enhanced or plain cross-sectional CT images taken
for the practical purpose of diagnosing, staging or follow-up
assessment, and CT attenuation values at the level of transverse
process of lumbar vertebra L3. The bilateral psoas muscle area,
VFA and SFA were automatically identified and then manually
corrected. The multifidus muscles area was manually traced.
PMI (¢cm?*/m?), IMAC and VSR were calculated by dividing
psoas muscle area (cm?) by the square of the patient’s height
(m?) [15], the CT attenuation value (Hounsfield Unit, HU) of
the bilateral multifidus muscles by that (HU) of four circles
with the diameter of 6 mm on subcutaneous fat away from ma-
jor vessels [16], and VFA by SFA, respectively. Representative
CT images are shown in Figure 1. Reviewing the previous Jap-
anese studies, as the sex-specific cut-off points for PMI, IMAC
and VSR, we pre-defined 6.36 cm?m? for men and 3.92 cm?/
m? for women [15], and -0.358 for men and -0.229 for women
[17], and 1.33 for men and 0.93 for women [18], respectively.

Data analysis

Continuous data, categorical data and survival time were
shown by median with interquartile range (IQR), frequen-
cies and median time (months) with 95% confidence intervals
(CIs), and then were compared by the Mann-Whitney U test,
Fisher exact test, and Kaplan-Meier method with log-rank test,
respectively. Correlations between BMI, PMI, IMAC and VSR
were analyzed using Spearman’s rank correlation coefficient
(r,). The multivariate Cox proportional hazards analyses ad-
justed BMI, PMI, IMAC and VSR by the following six fac-
tors: age (< 75 vs. > 75 years), NLR (< 5 vs. > 5), ECOG-
PS (0 - 1 vs. 2 - 4), EGFR mutation status (exon 19 deletion
vs. others), EGFR-TKI regimen line (first vs. second or later
line) and extra-pulmonary metastases (yes vs. no) or three or
more than three metastatic sites. Thereafter, the results were
described as hazard ratios (HRs) with 95% CI. P-value < 0.05
was considered to indicate a statistically significant difference.
Using EZR (Saitama Medical Center, Jichi Medical Univer-
sity, Saitama, Japan) [19], which is a graphical user interface
for R (The R Foundation for Statistical Computing, Vienna,
Austria), we performed all statistical analyses.

Results

We collected 167 NSCLC patients with mutant EGFR treated
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68F Age/ Sex 66F
234 23.1
2.38 4.76
-0.51 IMAC -0.82
1.38 VSR 0.26

Figure 1. Representative cross-sectional CT images obtained at the third lumber vertebra. Two female patients had similar
BMI and age, but different PMI, IMAC and VSR. The areas of bilateral psoas muscles, visceral fat, subcutaneous fat, multifidus
muscle and subcutaneous four small circles were identified by green, red, blue, yellow and orange. CT: computed tomography;
BMI: body mass index; PMI: psoas muscle index; IMAC: intramuscular adipose tissue content; VSR: visceral-to-subcutaneous

adipose tissue area ratio.

with EGFR-TKI. We divided them into two groups accord-
ing to the cut-off points of BMI, PMI, IMAC and VSR. Until
the cut-off date, we experienced 101 deaths, 33 survivals, 33
lost to follow-up, 133 PD during or after gefitinib, erlotinib
or afatinib, and 24 introduction of osimertinib after gefitinib,
erlotinib or afatinib. The reasons of discontinuation of EGFR-
TKIs were PD in 101 patients, adverse effects in 20, deterio-
rated general conditions in 12, deteriorated other diseases in
seven, patient’s refusal in five, and transfer to other medical
or nursing institutions in four. Eighteen patients still continued
EGFR-TKIs. Nine patients changed an EGFR-TKI to another
TKI because of adverse effects: from gefitinib to erlotinib in six
patients, from erlotinib to gefitinib in two, and from afatinib to
gefitinib in one. Except for one squamous cell carcinoma, one
adenosquamous cell carcinoma and one non-specific NSCLC,
histology was all adenocarcinoma. There were 33 underweight
(BMI < 18.5), 104 normal weight (18.5 < BMI < 25.0), 24
overweight (25.0 < BMI < 30.0) and six obese (BMI > 30.0)
patients.

Except for between PMI and IMAC (r, = 0.005, P = 0.95),
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there were statistically significant correlations between BMI
and PMI (r, = 0.37, P < 0.01), BMI and IMAC (r,= 0.37, P <
0.01), BMI and VSR (r,=0.22, P < 0.01), PMI and VSR (r, =
0.18,P=0.02) and IMAC and VSR (r,= 0.30, P < 0.01).
Tables 1-4 compare backgrounds, EGFR-TKI regimen,
treatment efficacy, and pretreatment NLR between high and
low BMI, PMI, IMAC and VSR, respectively. Low BMI group
included more patients with > 3 metastatic sites than high BMI
group. In contrast, extra-pulmonary metastasis was not sig-
nificantly different between high and low BMI groups (Table
1). Neither number of metastatic sites (< 3 vs. > 3) nor extra-
pulmonary metastases was significantly different between high
and low PMI, IMAC and VSR groups (Tables 2-4).
Comparisons of OS and PFS according to BMI, PMI,
IMAC and VSR are presented in Figures 2 and 3, respectively.
The OS (median 26.0 vs. 32.3 months, P = 0.02) (Fig. 2a) and
PFS (median 9.1 vs. 14.8 months, P = 0.03) (Fig. 3a) of un-
derweight patients (BMI < 18.5) were shorter than those of
patients with BMI > 18.5. In contrast, there was no signifi-
cant difference in OS and PFS according to PMI, IMAC and
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Table 1. Baseline Characteristics According to Body Mass Index

BMI
>18.5 <18.5 F
N 134 33
Backgrounds
Sex (N)
Male/female 50/84 13/20 0.842
Age (years)
Median (IQR) 72 (63.3 -77.0) 74 (67.8 - 78.3) 0.21°
<75/>75 years (N) 82/52 18/15 0.552
Smoking status
NS/Ex, CS 69/65 16/17 0.852
EGFR mutation
Ex19del/others 67/67 13/20 0.332
ECOG-PS
0-1/2/3-4 103/25/6 22/6/5 0.102
Extra-pulmonary metastases
Yes/no 72/62 20/13 0.562
Metastatic sites
<3/>3 68/66 8/25 <0.012
BMI
Median (IQR) 23.2(21.1-24.8) 17.7 (16.4 - 18.1) <0.01°
Treatment (N)
Regimen
Gefitinib/erlotinib/afatinib 15/31/88 2/11/20 0.442
Line
First/Second or later 95/39 24/9 1.002
Post-TKI treatment
Osimertinib 21 3 0.422
ICI therapy 13 1 0.312
TKI efficacy
CR/PR/SD/PD/NE 6/82/26/15/5 1/16/5/5/6
ORR (%) (95% CI) 65.7 (57.0-73.7) 51.5(33.5-69.2) 0.162
DCR (%) (95% CI) 85.1(77.9 - 90.6) 66.7 (48.2 - 82.0) 0.022
Laboratory data
NLR
Median (IQR) 2.51(1.78 - 4.27) 2.98 (2.20 - 3.98) 0.23b
<5/>5(N) 112/22 28/5 1.002

aFisher’s exact test. P(Mann-Whitney U test. BMI: body mass index; Cl: confidence interval; CR: complete response; CS: current smoker; DCR: dis-
ease control rate; ECOG-PS: Eastern Cooperative Oncology Group performance status; EGFR: epidermal growth factor receptor; Ex: ex-smoker;
ICl: immune-checkpoint inhibitors; IQR: interquartile range; NE: not evaluated; NLR: neutrophil-to-lymphocyte ratio; NS: non-smoker; ORR: overall
response rate; PD: progressive disease; PR: partial response; SD: stable disease; TKI: tyrosine kinase inhibitor.

VSR (Figs. 2 and 3). Adjusted by age, NLR, ECOG-PS, EGFR
mutation type, regimen line and extra-pulmonary metastases,
multivariate Cox proportional hazard analyses detected only
BMI < 18.5 as an unfavorable prognostic factor of shorter OS

(HR 1.70, 95% CI 1.03 - 2.81, P = 0.04) and PFS (HR 1.72,
95% CI 1.11 - 2.67, P = 0.02) (Table 5). However, when ex-
tra-pulmonary metastases was replaced by three or more than
three metastatic sites as an explanatory variable, multivariate
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Table 2. Baseline Characteristics According to Psoas Muscle Index

PMI
Low High F
N 102 65
Backgrounds
Sex (N)
Male/female 43/59 20/45 0.152
Age (years)
Median (IQR) 74 (66 - 79) 71 (60 - 76) 0.03°
<75/=75 years (N) 58/44 42/23 0.342
Smoking status
NS/Ex, CS 49/53 36/29 0.432
EGFR mutation
Ex19del/others 45/57 35/30 0.272
ECOG-PS
0-1/2/3-4 71/23/8 54/8/3 0.162
Extra-pulmonary metastases
Yes/no 60/42 32/33 0.272
Metastatic sites
<3/z3 46/56 30/35 1.002
BMI
Median (IQR) 21.2(18.3-23.4) 23.7(21.0 - 25.6) <0.01°
PMI
Median (IQR) 3.53(2.91 -4.45) 5.01 (4.58 - 6.75) <0.01°
Treatment (N)
Regimen
Gefitinib/erlotinib/afatinib 65/28/9 43/14/8 0.592
Line
First/second or later 74/28 45/20 0.73%2
Post-TKI treatment
Osimertinib 10 14 0.042
ICI therapy 6 8 0.16*
TKI efficacy
CR/PR/SD/PD/NE 4/55/19/14/10 3/43/12/6/1
ORR (%) (95% CI) 57.8 (47.7 - 67.6) 70.8 (58.2 - 81.4) 0.102
DCR (%) (95% CI) 76.5 (67.0 - 84.3) 89.2(79.1 - 95.6) 0.042
Laboratory data
NLR
Median (IQR) 2.83(1.94 -4.57) 2.50 (1.61 - 3.54) 0.10°
<5/>5(N) 82/20 58/7 0.202

aFisher’s exact test. °Mann-Whitney U test. BMI: body mass index; Cl: confidence interval; CR: complete response; CS: current smoker; DCR:
disease control rate; ECOG-PS: Eastern Cooperative Oncology Group performance status; EGFR: epidermal growth factor receptor; Ex: ex-
smoker; ICI: immune-checkpoint inhibitors; IQR: interquartile range; NE: not evaluated; NLR: neutrophil-to-lymphocyte ratio; NS: non-smoker;
ORR: overall response rate; PD: progressive disease; PMI: psoas muscle index; PR: partial response; SD: stable disease; TKI: tyrosine kinase
inhibitor.
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Table 3. Baseline Characteristics According to Intramuscular Adipose Tissue Content

IMAC
Low High P
N 148 19
Backgrounds
Sex (N)
Male/female 91/57 13/6 0.622
Age (years)
Median (IQR) 72 (64 -77) 76 (69.5 - 81) 0.04>
<75/>75 years (N) 91/57 9/10 0.322
Smoking status
NS/Ex, CS 77/71 8/11 0.472
EGFR mutation
Ex19del/others 70/78 10/9 0.812
ECOG-PS
0-1/2/3-4 114/24/10 11/7/1 0.102
Extra-pulmonary metastases
Yes/no 80/68 12/7 0.632
Metastatic sites
<3/z3 70/78 6/13 0.232
BMI
Median (IQR) 20.1 (19.1 -24.4) 22.3(20.1-24.4) 0.682
IMAC
Median (IQR) -0.52 (-0.63, -0.43) -0.16 (-0.23,-0.10) <0.01°
Treatment (N)
Regimen
Gefitinib/erlotinib/afatinib 97/35/16 11/7/1 0.452
Line
First/second or later 106/42 13/6 0.792
Post-TKI treatment
Osimertinib 23 1 0.322
ICI therapy 14 0 0.372
TKI efficacy
CR/PR/SD/PD/NE 33/81/24/8/2 3/8/7/1
ORR (%) (95% CI) 77.0 (69.4 - 83.5) 57.9 (33.5-79.7) 0.092
DCR (%) (95% CI) 93.2 (87.9-96.7) 94.7 (74.0 - 99.9) 1.002
Laboratory data
NLR
Median (IQR) 2.67 (1.79 - 3.93) 2.95(2.05 -4.92) 0.42b
<5/>5(N) 126/22 14/5 0.202

aFisher’s exact test. P(Mann-Whitney U test. BMI: body mass index; Cl: confidence interval; CR: complete response; CS: current smoker; DCR: dis-
ease control rate; ECOG-PS: Eastern Cooperative Oncology Group performance status; EGFR: epidermal growth factor receptor; Ex: ex-smoker;
ICI: immune-checkpoint inhibitors; IMAC: intramuscular adipose tissue content; IQR: interquartile range; NE: not evaluated; NLR: neutrophil-to-
lymphocyte ratio; NS: non-smoker; ORR: overall response rate; PD: progressive disease; PR: partial response; SD: stable disease; TKI: tyrosine
kinase inhibitor.
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Table 4. Baseline Characteristics According to Visceral-to-Subcutaneous Adipose Tissue Area Ratio

VSR
Low High F
N 128 39
Backgrounds
Sex (N)
Male/female 44/84 19/20 0.132
Age (years)
Median (IQR) 71 (64 - 76) 77 (70.5 - 80.5) <0.01°
<75/>75 years (N) 83/45 17/22 0.02?2
Smoking status
NS/Ex, CS 65/63 20/19 1.002
EGFR mutation
Ex19del/others 62/66 18/21 0.862
ECOG-PS
0-1/2/3-4 97/23/8 28/8/3 0.812
Extra-pulmonary metastases
Yes/no 69/59 23/16 0.712
Metastatic sites
<3/z3 54/74 22/17 0.142
BMI
Median (IQR) 21.6 (19.1-24.1) 23.4(19.7 - 25.6) 0.16°
VSR
Median (IQR) 0.41 (0.23 - 0.74) 1.45 (1.26 - 1.93) <0.01°
Treatment (N)
Regimen
Gefitinib/erlotinib/afatinib 82/31/15 26/11/2 0.542
Line
First/second or later 91/37 28/11 1.002
Post-TKI treatment
Osimertinib 20 4 0.602
ICI therapy 12 2 0.522
TKI efficacy
CR/PR/SD/PD/NE 4/79/23/15/7 3/19/8/5/4
ORR (%) (95% CI) 64.8 (55.9-173.1) 56.4(39.6 - 72.2) 0.352
DCR (%) (95% CI) 82.8 (75.1 - 88.9) 76.9 (60.7 - 88.9) 0.482
Laboratory data
NLR
Median (IQR) 2.60 (1.79 - 4.16) 2.84 (2.02 - 4.23) 0.53b
<5/>5(N) 105/23 35/4 0.332

aFisher’s exact test. P(Mann-Whitney U test. BMI: body mass index; Cl: confidence interval; CR: complete response; CS: current smoker; DCR: dis-
ease control rate; ECOG-PS: Eastern Cooperative Oncology Group performance status; EGFR: epidermal growth factor receptor; Ex: ex-smoker;
ICI: immune-checkpoint inhibitors; IQR: interquartile range; NE: not evaluated; NLR: neutrophil-to-lymphocyte ratio; NS: non-smoker; ORR: overall
response rate; PD: progressive disease; PR: partial response; SD: stable disease; TKI: tyrosine kinase inhibitor; VSR: visceral-to-subcutaneous
adipose tissue area ratio.
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Figure 2. Kaplan-Meier curves of overall survival according to BMI (a), PMI (b), IMAC (c) and VSR (d). BMI: body mass index;
PMI: psoas muscle index; IMAC: intramuscular adipose tissue content; VSR: visceral-to-subcutaneous adipose tissue area ratio.

analyses did not detect BMI as independent prognostic factors
of OS (HR 1.48, 95% CI 0.89 - 2.46, P = 0.13) and PFS (HR
1.36,95% C1 0.87 - 2.13, P = 0.18) (Table 6).

Discussion

Our study investigated whether pretreatment underweight, sar-
copenia and visceral adiposity were prognostic markers of sur-
vival benefit of EGFR-TKIs for patients with mutant EGFR.
The most important finding was that underweight is asso-
ciated with shorter PFS and OS of EGFR-TKIs. Underweight
(BMI < 18.5 kg/m?) has been shown as a worse prognostic fac-
tor not only in operable patients with early stage of lung cancer
[20-22], but also in patients with advanced lung cancer [2, 23].
In contrast, regarding patients with mutant EGFR, BMI has been
controversial as a prognostic factor [24-27]. Two Japanese stud-
ies of 138 patients treated with gefitinib [24] and of 47 patients
with acquired T790M-positive mutation who had been treated
with osimertinib after prior EGFR-TKI [25] failed to show any

194
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significant differences in response and PFS among underweight,
normal weight and overweight patients, and between patients
with BMI < 21.5 and those with BMI > 21.5, respectively. Op-
positely, in a Korean study of 95 patients, patients with BMI
< 20.8 had a longer PFS than those with BMI > 20.8 [27]. In
another Korean study of 630 patients, multi-variable analysis
detected BMI < 18.5 as an independent worse prognostic fac-
tor for PFS and OS [26]. In our study, the frequency of three or
more metastatic sites was significantly higher in underweight
patients groups. In our multivariate analyses, BMI was differ-
ent as independent prognostic factors of OS and PFS, whether
extra-pulmonary metastases or number of metastatic sites (< 3
or > 3) was used as an explanatory variable. Our multivariate
analyses detected number of metastatic sites (< 3 or > 3), but
not BMI, as a significant prognostic factor. Therefore, our data
suggested that BMI may be a surrogate marker of tumor burden.
In some patients, decreased body weight might be a result of se-
verer and longer symptoms due to advanced metastatic diseases.
Thus, it requires further investigations whether BMI is really a
prognostic marker of EGFR-TKIs.
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Figure 3. Kaplan-Meier curves of progression-free survival according to BMI (a), PMI (b), IMAC (c) and VSR (d). BMI: body mass
index; PMI: psoas muscle index; IMAC: intramuscular adipose tissue content; VSR: visceral-to-subcutaneous adipose tissue

area ratio.

The second important finding was that neither sarcope-
nia nor visceral obesity was a significant prognostic factor for
patients treated with EGFR-TKIs. Our study was the second
study that had investigated the association of sarcopenia with
outcomes of EGFR-TKIs. Both the previous Italian [13] and
our studies failed to show sarcopenia as a significant prognos-
tic factor of EGFR-TKI therapy. Thus, irrespective of pretreat-
ment sarcopenia, EGFR-TKI should be considered for patients
with mutant EGFR. On the other hand, our study was the first
study evaluating visceral obesity as a prognostic marker of
EGFR-TKI therapy. Visceral obesity with low BMI has been
suggested to be at high risk for development of lung cancer
[28]. However, it has remained unknown whether visceral
obesity is associated with worse outcomes of chemotherapy
in NSCLC patients. As a result, our study failed to demon-
strate the association of visceral obesity with poor prognosis
of EGFR-TKI therapy.

Our study included some limitations. First, there might be
bias and low validity in our results due to our study design, retro-

spective and single-institutional, and small sample size. Second,
first- and second-generation EGFR-TKI is becoming behind the
times. Our study did not reflect the times of the third-generation
EGFR-TKI, osimertinib. Further investigations may be war-
ranted for patients with EGFR mutant treated with osimertinib.

Conclusion

Pretreatment underweight was a significant prognostic factor
of poor PFS and OS of EGFR-TKI therapy. However, neither
pretreatment sarcopenia nor visceral obesity was associated
with prognosis of EGFR-TKI. Underweight may be a surro-
gate for advanced disease burden.
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Table 5. Adjusted Hazard Ratios of Markers of Sarcopenia and Visceral Obesity by Age, Neutrophil to Lymphocyte Ratio, ECOG-PS,
EGFR Mutation Type, Regimen Line and Extra-Pulmonary Metastases

oS PFS
Variables
HR (95% CI) P HR (95% CI) P

BMI (kg/m?)

>18.5 1 (Reference) 1(Reference)

<185 1.70 (1.03 - 2.81) 0.04 1.72 (1.11 - 2.67) 0.02
PMI (cm?/m?)

High 1 (Reference) 1(Reference)

Low 1.10 (0.73 - 1.64) 0.65 1.10 (0.76 - 1.58) 0.61
IMAC

Low 1 (Reference) 1(Reference)

High 1.25 (0.66 - 2.37) 0.49 0.98 (0.56 - 1.71) 0.94
VSR

Low 1 (Reference) 1(Reference)

High 1.20 (0.76 - 1.91) 0.44 1.01 (0.66 - 1.54) 0.98

Multivariate adjustment for age (< 75 vs. 2 75 years), neutrophil to lymphocyte ratio (< 5 vs. 2 5), ECOG-PS (0 - 1 vs. 2 - 4), EGFR mutation type
(exon 19 deletion vs. others), regimen line (first-line vs. second or later line) and extra-pulmonary metastases (yes vs. no). BMI: body mass index;
Cl: confidence interval; ECOG-PS: Eastern Cooperative Oncology Group performance status; EGFR: epidermal growth factor receptor; HR: hazard
ratio; IMAC: intramuscular adipose tissue content; OS: overall survival; PFS: progression-free survival; PMI: psoas muscle index; VFA: visceral fat
area; VSR: visceral-to-subcutaneous adipose tissue area ratio.

Table 6. Multivariate Cox Proportional Hazard Analyses, When Extra-Pulmonary Metastases Was Replaced by Numbers of Meta-

static Sites as an Explanatory Variable

Variables 08 PES
HR (95% CI) P HR (95% CI) P

Age

<75 years 1 (Reference) 1(Reference)

> 75 years 1.08 (0.72 - 1.64) 0.71 0.86 (0.59 - 1.24) 0.42
NLR

<5 1 (Reference) 1(Reference)

>5 0.95 (0.55 - 1.63) 0.85 0.79 (0.50 - 1.26) 0.33
ECOG-PS

0-1 1 (Reference) 1(Reference)

2-4 2.86 (1.80 - 4.54) <0.01 2.09(1.39-3.13) <0.01
EGFR mutation

Exon 19 del 1 (Reference) 1 (Reference)

Others 1.29 (0.86 - 1.93) 0.22 1.28 (0.90 - 1.82) 0.17
Regimen line

First-line 1 (Reference) 1 (Reference)

Second or later 1.72 (1.12 - 2.65) 0.01 1.46 (1.00 - 2.12) 0.049
Metastatic sites

<3 1 (Reference) 1 (Reference)

>3 1.96 (1.28 - 3.00) <0.01 2.11 (1.46 - 3.05) <0.01
BMI (kg/m?)

>18.5 1 (Reference) 1(Reference)

<185 1.48 (0.89 - 2.46) 0.13 1.36 (0.87 - 2.13) 0.18

BMI: body mass index; Cl: confidence interval; ECOG-PS: Eastern Cooperative Oncology Group performance status; EGFR: epidermal growth factor
receptor; HR: hazard ratio; NLR: neutrophil-to-lymphocyte ratio; OS: overall survival; PFS: progression-free survival.
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