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Objective: To evaluate the correlation between the advanced lung cancer inflammation 
index (ALI) and the L3 skeletal muscle index (L3SMI) and their prognostic value in elderly 
patients with esophageal cancer (EC).
Materials and Methods: The clinical data of 158 elderly patients with EC were collected 
retrospectively. The L3SMI measures the area of skeletal muscle at the level of the third lumbar 
(L3) vertebra using computed tomography (CT). A high L3SMI and low L3SMI group were 
created using sex-based quartiles. The ALI, prognostic nutrition index (PNI), and geriatric 
nutrition risk index (GNRI) were calculated according to standard laboratory protocols.
Results: The CT diagnostic criteria for senile sarcopenia in South China are height ≤32.96 cm2/ 
m2 for females and height ≤35.4 cm2/m2 for males. The logistic regression analysis showed that 
a low L3SMI was significantly associated with a low ALI. Survival analysis revealed EC patients 
with a low L3SMI and a low ALI had poorer overall survival (OS) than patients with a high 
L3SMI and a high ALI. Univariate and multivariate Cox analyses showed that the L3SMI and 
ALI were independent predictors of EC prognosis in elderly individuals.
Conclusion: There was a significant correlation between the PNI, GNRI, ALI, and L3SMI. 
Overall, our findings show the L3SMI and ALI are clinical indicators that can potentially be used 
to independently predict the prognosis of elderly EC patients and display good predictive value.
Keywords: esophageal cancer, sarcopenia, L3 skeletal muscle index, survival, advanced 
lung cancer inflammation index

Introduction
Esophageal cancer (EC) is a tumor with the seventh and sixth highest morbidity and 
mortality rates worldwide, respectively.1 With the aging population and the accel-
eration of population growth, the occurrence of EC has increased.2 EC is primarily 
divided into squamous cell carcinoma and adenocarcinoma. In East Asia, EC cases 
are primarily squamous cell carcinoma. The early symptoms of EC are not typical 
and because EC is aggressive and progresses rapidly,3 most patients are at an 
advanced stage when they are first diagnosed.4,5 Esophageal obstruction caused 
by the progressive growth of EC makes eating difficult for EC patients, which in 
turn leads to malnutrition and even cachexia.6 Many studies have focused on the 
nutritional status of cancer patients. The geriatric nutritional risk index (GNRI) is 
a simplified screening parameter calculated based on serum albumin and body 
weight that can be used to assess nutrition-related risks.7 The prognostic nutritional 
index (PNI) is calculated using the serum albumin concentration and the total 

Correspondence: Mingwu Chen; Yongyong 
Wang  
Department of Thoracic Surgery, The First 
Affiliated Hospital of Guangxi Medical 
University, Shuang Yong Road 6, Nanning, 
530021, Guangxi Zhuang Autonomous 
Region, People’s Republic of China  
Email chen535@126.com; 
wangyongyong@stu.gxmu.edu.cn

submit your manuscript | www.dovepress.com Cancer Management and Research 2021:13 3133–3143                                                   3133

http://doi.org/10.2147/CMAR.S304996 

DovePress © 2021 Tan et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Cancer Management and Research                                                       Dovepress
open access to scientific and medical research

Open Access Full Text Article

C
an

ce
r 

M
an

ag
em

en
t a

nd
 R

es
ea

rc
h 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

mailto:chen535@126.com
mailto:wangyongyong@stu.gxmu.edu.cn
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php
http://www.dovepress.com


number of peripheral blood lymphocytes.8 The PNI 
reflects the nutritional and immune status of patients. 
With the increasing aging population, the number of 
elderly EC patients is growing. Owing to the heterogeneity 
of the health status of the elderly, EC patients in this age 
group lack accurate prognostic predictors. The treatment 
of EC is still managed using a comprehensive strategy 
based on surgical intervention.9 With improvements in 
diagnosis and treatment technologies, the prognosis of 
EC has also improved, but the prognosis of EC patients 
is still poor.5,10 Therefore, exploring reliable indicators for 
predicting patient survival can help to identify patients 
with poor prognoses and allow the early adoption of better 
prevention and treatment methods and reduce mortality.

Skeletal muscle not only plays a role during exercise or 
movement but also participates in complex immune and 
inflammatory processes of the body by secreting a variety 
of cytokines. Hence, some people refer to it as a “secretory 
organ”.11 Sarcopenia was first proposed by Rosenberg as 
the gradual loss of skeletal muscle mass associated with 
aging.12 The L3 skeletal muscle index (L3SMI) assessed 
using computed tomography (CT) is the primary method 
for diagnosing sarcopenia. In recent years, sarcopenia has 
been confirmed to be significantly related to malnutrition 
and the poor prognosis of various malignant tumors.13–16 

The commonly used diagnostic criteria for sarcopenia 
have been primarily formulated by European and 
American specialists, although there are obvious ethnic 
differences among Asian, European, and American 
populations.17,18 Thus, the diagnostic criteria in Europe 
and America may not be applicable to Asian populations. 
In addition, given to the features of the elderly population, 
the current diagnostic criteria are not suitable for elderly 
Asian individuals.

An increasing number of studies have confirmed that 
tumor-related inflammation plays a vital role in the occur-
rence and development of tumors.19 Recently, many stu-
dies have shown that a new inflammation-related index, 
the advanced lung cancer inflammation index (ALI), can 
be used to evaluate the prognosis of various malignant 
tumors, such as non-small-cell lung cancer,20 small-cell 
lung cancer,21 and diffuse large B cell lymphoma.22 The 
ALI was first used to assess the prognosis of lung cancer 
patients. However, researchers have found that the ALI is 
also a good independent prognostic indicator in head and 
neck and gastrointestinal tumors. The ALI is associated 
with poor prognosis in EC,23 head and neck squamous cell 
carcinoma,24 and in colorectal cancer.25,26

The purpose of this study was to establish the L3SMI 
cut-off value to be used for diagnosis of sarcopenia in 
elderly EC patients in southern China (Guangxi 
Province). In addition, we explored the relationship 
between the L3SMI and PNI, GNRI, and ALI and their 
prognostic value in elderly EC patients.

Materials and Methods
Study Population
Data on 189 elderly EC patients who underwent surgical 
treatment at the First Affiliated Hospital of Guangxi 
Medical University (Nanning, China) from 
September 2013 to July 2018 were collected. The inclu-
sion criteria were as follows: (a) EC diagnosis confirmed 
by pathology; (b) radical esophageal cancer surgery per-
formed; (c) no radiotherapy or chemotherapy conducted 
prior to surgery; (d) patients aged ≥65 years;27 and (e) 
patients with complete clinical and follow-up data. We 
used the 8th edition of the American Joint Committee on 
Cancer (AJCC) TNM grading system to stage patients 
after surgery. The ethics committee of the First Affiliated 
Hospital of the Guangxi Medical College approved the 
study (approval number: 2021(KY-E-046)). All patients 
in this study provided written informed consent. This 
study was performed in accordance with the Declaration 
of Helsinki.

Data Collection
The clinical data collected from patients was as follows: 
sex, age, height, and weight. The preoperative laboratory 
serological examinations of all patients were completed 
within 1 week prior to surgery. The primary preoperative 
laboratory serological tests included assessment of lym-
phocyte counts, neutrophils, and albumin levels. The neu-
trophil/lymphocyte ratio (NLR) was defined as the 
neutrophil count divided by the lymphocyte count. 
Hypoalbuminemia was defined as an albumin level <35 
g/L. According to the median NLR, patients were divided 
into two subgroups: high NLR and low NLR values. The 
body mass index (BMI) was calculated using the square of 
weight (kg)/height (m2). BMI values were divided into 
three subgroups: low <18.5, normal = 18.5–24, and high 
≥24.28 The PNI was calculated using the following for-
mula: 10 × serum albumin value (g/dL) +0.005 × total 
lymphocyte count in the peripheral blood (per mm3).8 The 
GNRI was calculated as follows: GNRI = 1.489 × serum 
albumin (g/dL) + 41.7 × weight/ideal body weight.7 The 

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                             

Cancer Management and Research 2021:13 3134

Tan et al                                                                                                                                                               Dovepress

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


ALI was defined as BMI (kg/m2) × albumin (g/dL)/NLR. 
Time-dependent receiver operating characteristic (ROC) 
curves were plotted to establish the cutoff values for the 
GNRI, PNI, and ALI and to establish the high/low GNRI, 
high/low PNI, and high/low ALI subgroups.

Skeletal Muscle Tissue Measurement
Enhanced CT imaging of the abdomen of patients the 
week before treatment was used to collect two consecutive 
images at the L3 level. The L3 skeletal muscles included 
the paraspinal, psoas major, rectus abdominis, internal 
oblique, external oblique, and transverse abdominal 
muscles.18 The L3SMI was calculated as the square of 
skeletal muscle area (cm2)/height (m2).

Follow-Up
All patients in the cohort received telephone or outpatient 
follow-up after surgery. The deadline for follow-up was 
1 January 2021. Overall survival (OS) was defined as the 
time from surgery to death or the last follow-up.

Statistical Analysis
All the statistical analyses were performed using SPSS 
version 19.0. GraphPad Prism version 5.0 and R version 
4.0.2 were used to draw the graphs. Time-dependent ROC 
curves were plotted to establish the cutoff values for the 
GNRI, PNI, and ALI. The correlations between the 
L3SMI, ALI, clinicopathological data, and nutritional 
risk, and the correlations between the L3SMI and ALI 
and its components were analyzed using a logistic regres-
sion. Kaplan–Meier analysis was used to construct 
a survival curve, and the Log rank test was used for 
comparisons. The hazard ratios (HRs) and 95% confidence 
intervals (CIs) were calculated using univariate and multi-
variate Cox proportional hazards regression models to 
evaluate the relationship between the L3SMI and the 
ALI and prognosis. The important factors in the multi-
variate Cox analysis were used to construct a nomogram, 
the coordination index (C index), and a calibration curve 
were used to evaluate the predictive accuracy of the nomo-
gram. A P-value <0.05 was considered to indicate statis-
tical significance.

Results
Patient Characteristics
A total of 189 elderly EC patients were enrolled from 
September 2013 to July 2018, of which 10 patients did 

not have preoperative CT images available, 8 patients did 
not have complete clinical data, and 13 patients were lost 
to follow-up. The clinical characteristics of the patients are 
shown in Table 1. The median age of the patients was 69.5 
years (range 65–86 years; mean age 70.7±4.49 years). 
According to the ROC curve (Figure 1), the cutoff value, 
sensitivity, specificity, and area under the ROC curve 
(AUC) values for the GNRI and PNI of the 158 elderly 
EC patients were determined. The cutoff, sensitivity, spe-
cificity, and AUC values of the GNRI were 96.60, 60.8%, 
62.0%, and 0.602 (95% CI = 0.513–0.691), respectively. 
The cutoff, sensitivity, specificity, and AUC values of the 
PNI were 45.35, 75.9%, 44.3%, and 0.606 (95% CI = 
0.517–0.694), respectively. The cutoff, sensitivity, specifi-
city, and AUC values of the ALI were 31.24, 62.0%, 
63.3% and 0.638 (95% CI = 0.552–0.725), respectively.

L3SMI Grouping of the Elderly EC 
Patients
The L3SMI was divided into four sex-based quartiles: G1, 
G2, G3, and G4. The Kaplan–Meier survival curves 
showed that the OS of the G1 group was significantly 
worse than that of the G2, G3, and G4 groups (Figure 2), 
and the survival curve of the G1 group was significantly 
separated from that of the other groups. Thus, the G1 
group cutoff appeared more suitable as a threshold for 
elderly EC sarcopenia. Therefore, based on the above 
analysis, the 158 elderly EC patients were divided into 
high and low L3SMI groups. The G2, G3, and G4 groups 
were combined and represented the high L3SMI group, 
and the G1 group represented the low L3SMI group.

Relationship Between the L3SMI and ALI 
and Clinical Pathological Characteristics 
of the Patients
A logistic regression analysis was conducted to determine the 
correlations between patient clinical and pathological charac-
teristics and the L3SMI and ALI (Table 2). ALI and sex 
(P = 0.009; OR = 0.349, 95% CI = 0.158–0.771), GNRI 
(P < 0.001; OR = 8.468, 95% CI = 3.943–18.186), PNI 
(P = 0.001; OR = 3.628, 95% CI = 1.650–7.976), and tumor 
size (P = 0.035; OR = 0.488, 95% CI = 0.251–0.949) were 
significantly correlated. L3SMI and lymphatic metastasis 
(P = 0.035, OR = 0.446, 95% CI = 0.210–0.946), cancer 
embolus (P=0.004; OR=0.307, 95% CI = 0.137–0.688), 
tumor depth (P = 0.006, OR = 0.310, 95% CI = 0.135–0.711), 
GNRI (P < 0.001, OR = 5.992, 95% CI = 2.445–14.685), and 
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PNI (P=0.007, OR = 2.810, 95% CI = 1.327–5.952) were all 
significantly related.

Relationships Between the L3SMI and ALI 
and Its Components
The relationships between the L3SMI and ALI and its 
components (Table 3) were explored. The L3SMI was 
significantly related to the ALI (P = 0.004, OR = 3.942, 
95% CI = 1.534–10.133). The relationship between the 
L3SMI and the ALI components was further explored. 
The L3SMI was significantly correlated with the BMI (P 
= 0.005) and NLR (P = 0.008, OR = 0.185, 95% CI = 
0.054–0.639).

Survival Analysis and Risk Factors for OS
As of 1 January 2021, a total of 79 patients had died. 
According to the Kaplan–Meier analysis, patients with 
a low L3SMI had significantly worse OS than those 
with a high L3SMI (P < 0.0001) (Figure 3A). Patients 
with a low ALI had significantly worse OS than those 
with a high ALI (P = 0.001) (Figure 3B). To evaluate 
the combined prognostic value of the L3SMI and ALI, 
158 elderly EC patients were divided into four sub-
groups according to combinations of L3SMI and ALI 
values: low L3SMI/low ALI, low L3SMI/high ALI, high 
L3SMI/low ALI, and high L3SMI/high ALI. Compared 
with the other groups, the prognosis of the high L3SMI/ 
high ALI group was significantly better (P < 0.0001) 
(Figure 4). Univariate and multivariate Cox analyses 
were used to identify independent prognostic factors 

Table 1 Baseline Characteristics of Patients and Tumors

Characteristics n %

Age
≤70 84 53.16%

>70 74 46.84%

Gender

Female 32 20.25%
Male 126 79.75%

BMI
Low 39 24.68%

Normal 99 62.66%

High 20 12.66%

Cancer embolus

No 123 77.85%
Yes 35 22.15%

Perineural invasion
No 141 89.24%

Yes 17 10.76%

Smoke

No 96 60.76%

Yes 62 39.24%

Alcohol drinking

No 88 55.70%
Yes 70 44.30%

Lymphatic metastasis
No 82 51.90%

Yes 76 48.10%

Differentiation

Poor 41 25.95%

Moderately 66 41.77%
Well 51 32.28%

Tumor depth
pT1 20 12.66%

pT2 49 31.01%

pT3 86 54.43%
pT4 3 1.90%

Tumor location
Upper 10 6.33%

Middle 89 56.33%

Lower 59 37.34%

Pathology
Squamous cell carcinoma 148 93.67%

Adenocarcinoma 10 6.33%

Tumor size

≤4cm 82 51.90%

>4cm 76 48.10%

Abbreviation: BMI, body mass index.

Figure 1 The receiver-operating characteristic (ROC) curves for GNRI, ALI, and 
PNI. 
Abbreviations: AUC, area under the curve; ALI, advanced lung cancer inflamma-
tion index; GNRI, geriatric nutritional risk index; PNI, prognostic nutritional index.
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for the elderly EC patients (Table 4). The univariate Cox 
analysis indicated that lymphatic metastasis (P < 0.001; 
HR = 2.756, 95% CI = 1.728–4.396), cancer embolus 
(P < 0.001; HR = 2.564, 95% CI = 1.589–4.137), tumor 
differentiation (P = 0.003, HR = 2.042, 95% 
CI = 1.281–3.256), tumor depth (P = 0.005; 
HR = 1.961, 95% CI = 1.225–3.139), L3SMI (P < 
0.001; HR = 0.366, 95% CI = 0.232–0.577), GNRI (P 
= 0.007; HR = 0.535, 95% CI = 0.338–0.845), PNI (P = 
0.009, HR = 0.555, 95% CI = 0.356–0.865), and ALI (P 
= 0.002, HR = 0.434, 95% CI = 0.256–0.735) were 
significantly associated with OS. A multivariate Cox 
analysis was performed including factors found to sig-
nificantly affect OS in the univariate analysis. 
Lymphatic metastasis (P = 0.013; HR = 1.905, 95% CI 
= 1.146–3.166), tumor differentiation (P = 0.025; HR = 
1.781, 95% CI = 1.075–2.950), L3SMI (P=0.019; HR = 
0.536, 95% CI = 0.318–0.903), and ALI (P = 0.037, HR 
= 0.537, 95% CI = 0.300–0.962) were independent 
prognostic factors affecting the OS.

Nomogram Model
Based on the results of the multivariate Cox analysis, 
a nomogram was constructed for the prediction of patient 
prognosis. The results indicated that the most important 
factor for prognosis was lymphatic metastasis, followed by 
the L3SMI, ALI, and degree of differentiation (Figure 5). 
By calculating the score of each factor, the 1- to 5-year OS 
of the EC patients could be predicted for individual 
patients. The C index for predicting the OS was 0.707. 
The calibration curve showed that the 5-year OS predic-
tions using the nomogram showed the best agreement with 
the actual observations (Figure 6).

Discussion
This study found a significant correlation between the 
L3SMI and ALI. Moreover, the L3SMI and ALI were 
identified as independent prognostic factors for elderly 
EC patients. Using our nomogram, we found that the 
most important factor affecting prognosis was lymphatic 
metastasis, followed by L3SMI, ALI, and degree of 

Figure 2 Kaplan–Meier survival curve of the sex-based quartile method (G1–4) of L3SMI in EC patients. 
Abbreviation: L3SMI, L3 skeletal muscle index.
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differentiation. In this study, we first proposed possible CT 
diagnostic criteria to distinguish sarcopenia in elderly EC 
patients in South China (for females with L3SMI 
≤32.96 cm2/m2 and males with L3SMI≤35.4 cm2/m2). 
Prior to this study, the diagnostic label for sarcopenia 

was mainly based on sex-specific cutoff values for the 
L3SMI (males ≤52.4 cm2/m2, females ≤38.5 cm2/m2).18 

These cutoff values were based on the racial characteris-
tics of Europeans and Americans. However, due to ethnic 
differences between Asians, Europeans, and Americans, 

Table 3 The Relationships Between the L3SMI and ALI (and Its Components) of Elderly EC Patients

Characteristics Case L3SMI

No.(%) Low(%) High(%) OR(95% CI) P

ALI

Low 101 32 69 1

High 57 6 51 3.942(1.534–10.133) 0.004

BMI (Kg/m2) 0.005

Low 39 17 22 1

Normal 99 19 80 3.254(1.452–7.290) 0.004

High 20 2 18 6.955(1.415–34.174) 0.017

Albumin (g/dl)

Low 23 7 16 1

Normal 135 31 104 1.468(0.554–3.889) 0.440

NLR

Low 79 13 66 1

High 79 25 54 0.185(0.054–0.639) 0.008

Note: Bold values indicate statistically significant values. 
Abbreviations: L3SMI, L3 skeletal muscle index; ALI, advanced lung cancer inflammation index; EC, esophageal cancer; BMI, body mass index; NLR, neutrophil-lymphocyte 
ratio; OR, odds ratio.

Table 2 The Relationships Between the ALI, L3SMI and Clinicopathological Factors of Elderly EC Patients

Characteristics ALI L3SMI

OR(95% CI) P OR(95% CI) P

Gender (Male) 0.349(0.158–0.771) 0.009 0.858(0.338–2.177) 0.747

Age (>70) 1.439(0.750–2.763) 0.274 0.736(0.354–1.530) 0.412
Smoke (Yes) 0.674(0.343–1.328) 0.254 0.855(0.407–1.795) 0.678

Alcohol drinking (Yes) 0.551(0.282–1.077) 0.081 0.850(0.409–1.767) 0.663

Lymphatic metastasis (Yes) 0.685(0.356–1.319) 0.258 0.446(0.210–0.946) 0.035
Cancer embolus (Yes) 0.447(0.188–1.066) 0.069 0.307(0.137–0.688) 0.004
Perineural invasion (Yes) 0.713(0.238–2.138) 0.546 0.733(0.241–2.234) 0.585

Differentiation (Poor) 0.631(0.293–1.358) 0.239 0.722(0.325–1.606) 0.425
Tumor depth(pT3+pT4) 1.105(0.573–2.129) 0.766 0.310(0.135–0.711) 0.006
GNRI(>96.6) 8.468(3.943–18.186) <0.001 5.992(2.445–14.685) <0.001
PNI(>45.35) 3.628(1.650–7.976) 0.001 2.810(1.327–5.952) 0.007
Tumor size(>4cm) 0.488(0.251–0.949) 0.035 1.039(0.501–2.158) 0.917

Pathology (Adenocarcinoma) 0.423(0.087–2.063) 0.287 0.287(0.078–1.051) 0.060

Tumor location 0.344 0.923

Upper 1 1

Middle 1.019(0.268–3.868) 0.978 0.810(0.159–4.111) 0.799
Lower 0.607(0.152–2.425) 0.480 0.733(0.140–3.844) 0.714

Note: Bold values indicate statistically significant values. 
Abbreviations: GNRI, Geriatric Nutritional Risk Index; PNI, prognostic nutritional index; L3SMI, L3 skeletal muscle index; ALI, advanced lung cancer inflammation index; 
EC, esophageal cancer; OR, odds ratio.

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                             

Cancer Management and Research 2021:13 3138

Tan et al                                                                                                                                                               Dovepress

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


there are also differences in the pathological types of EC, 
especially for the elderly. Therefore, the diagnostic criteria 
for sarcopenia should be updated.

Many studies have shown that sarcopenia is related to 
the poor prognosis of many malignant tumors. In this 
study, it was found that patients with a low L3SMI were 
more likely to develop lymphatic metastasis and cancer 
embolus, and were more likely to have an advanced tumor 

stage than those with a high L3SMI. Further, lower 
L3SMI was also associated with a lower PNI and GNRI. 
A total of 60–80% of patients with EC are often unable to 
eat due to mechanical obstruction from the tumor, result-
ing in insufficient nutritional intake.6 In addition, elderly 
individuals are more prone to malnutrition, and their 
nutritional status is related to the effectiveness of cancer 
treatment.29,30 Poor nutritional status may be related to 

Figure 3 Kaplan–Meier survival curve of overall survival in patients: (A) L3SMI; (B) ALI. 
Abbreviations: L3SMI, L3 skeletal muscle index; ALI, advanced lung cancer inflammation index.

Figure 4 Kaplan–Meier survival curves of patients in subgroups differentiated by L3SMI and ALI. 
Abbreviations: L3SMI, L3 skeletal muscle index; ALI, advanced lung cancer inflammation index.
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micro-metastasis and the growth of residual cancer cells, 
which may lead to a poor prognosis.31 Many studies have 
confirmed that patients with a low L3SMI exhibit 
a variety of adverse reactions, including increased hospi-
talization and postoperative rehabilitation costs,32 

decreased independent living ability,33 and increased 
risk of accidental falls and even fractures caused by 
decreased skeletal muscle mass.34 In addition, skeletal 
muscle not only plays a role during exercise and move-
ment but also participates in complex immune and inflam-
matory processes in the body by secreting a variety of 
cytokines.

Skeletal muscle exerts autocrine, paracrine, and endocrine 
functions. For example, skeletal muscle can secrete interleu-
kin-6 (IL-6), IL-8, and IL-15. Skeletal muscle can also secrete 
other inflammatory markers, including tumor necrosis factor-α 
(TNF-α) and C-reactive protein (CRP), leading to systemic 
inflammation.35,36 IL-15 can bind natural killer (NK) lympho-
cytes with high affinity through a variety of signaling path-
ways and protect NK cells from apoptosis by upregulating 
Bcl-2 to ensure the normal development and survival of NK 
cells.37 In patients with sarcopenia, the secretion of IL-15 

decreases; which leads to a decrease in the anti-tumor ability 
of the immune system, and may cause lymphatic metastasis, 
cancer embolus, and tumor progression.38

In this study, the ALI was significantly correlated 
with the GNRI, the PNI, and tumor size. The ALI was 
then combined with the BMI, albumin, NLR (BMI × 
albumin/NLR), and the combination of these factors 
allowed a better consideration of systemic inflammation 
and nutritional status. A low ALI score represents 
a decrease in BMI and serum albumin, and an increase 
in the NLR, indicated poor nutritional status and high 
inflammation. An analysis of the L3SMI and ALI (and its 
components), showed that the L3SMI was significantly 
related to the ALI, BMI, and NLR. Previous studies have 
confirmed that BMI is closely related to sarcopenia 
status,39 which is consistent with the results of this 
study. Inflammation plays a key role in the immune 
response to pathogens and tissue repair, but it can 
become chronic and promote the production of reactive 
oxygen and nitrogen species, stimulate angiogenesis, and 
cell proliferation, and may ultimately play a key role in 
the process of cancer.19

Table 4 Univariate and Multivariate Analyses of Overall Survival (OS) in the Elderly EC Patients

Characteristics Univariate Analysis Multivariate Analysis

HR(95% CI) P HR(95% CI) P

Gender (Male) 1.029(0.594–1.781) 0.920

Age(>70) 1.402(0.902–2.180) 0.133
Smoke (Yes) 1.013(0.645–1.592) 0.956

Alcohol drinking (Yes) 0.842(0.538–1.316) 0.450

BMI (Normal+High) 0.669(0.414–1.081) 0.101
Lymphatic metastasis (Yes) 2.756(1.728–4.396) <0.001 1.905(1.146–3.166) 0.013
Cancer embolus (Yes) 2.564(1.589–4.137) <0.001 1.540(0.900–2.635) 0.115

Perineural invasion (Yes) 1.334(0.666–2.673) 0.416
Differentiation (Poor) 2.042(1.281–3.256) 0.003 1.781(1.075–2.950) 0.025
Tumor depth(pT3+pT4) 1.961(1.225–3.139) 0.005 1.184(0.715–1.962) 0.241

L3SMI (high-L3SMI) 0.366(0.232–0.577) <0.001 0.536(0.318–0.903) 0.019
GNRI(>96.6) 0.535(0.338–0.845) 0.007 1.017(0.562–1.838) 0.957

PNI(>45.35) 0.555(0.356–0.865) 0.009 0.807(0.483–1.346) 0.410

Tumor size(>4cm) 1.096(0.705–1.704) 0.683
Pathology (Adenocarcinoma) 1.156(0.467–2.860) 0.754

ALI (high) 0.434(0.256–0.735) 0.002 0.537(0.300–0.962) 0.037

Tumor location 0.611

Upper 1

Middle 0.736(0.314–1.727) 0.482
Lower 0.647(0.268–1.565) 0.334

Note: Bold values indicate statistically significant values. 
Abbreviations: GNRI, Geriatric Nutritional Risk Index; PNI, prognostic nutritional index; L3SMI, L3 skeletal muscle index; ALI, advanced lung cancer inflammation index; 
EC, esophageal cancer; HR, hazard ratio.
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Figure 6 The calibration plot for 5-year survival of elderly EC patients. The X-axis presents the predicted probability and the Y-axis shows the actual probability.

Figure 5 Nomogram for elderly EC patients. The points identified on the top scale for each independent covariate were added to determine the estimated overall survival 
and the probability of 1-, 3- and 5- year survival. 
Abbreviations: L3SMI, L3 skeletal muscle index; ALI, advanced lung cancer inflammation index.
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An increase in the NLR indicates an increase in the 
body’s inflammatory response and a decrease in the lym-
phocyte-mediated anti-tumor response, which can easily 
cause tumor progression and metastasis. These effects can 
ultimately lead to a poor prognosis for the patient.40,41 The 
relationship between sarcopenia and systemic inflamma-
tion is very tight, which is consistent with these findings. 
Previous studies have also found that skeletal muscle 
tissue secretes numerous proinflammatory factors, such 
as TNF-α and IL-6, which in turn lead to the progression 
of systemic inflammation.37 Systemic inflammation 
induces the release of proinflammatory cytokines and 
growth factors,42 which in turn exert catabolic effects on 
host metabolism leading to increased skeletal muscle 
decomposition.43,44 The muscle atrophy caused by inflam-
mation further aggravates systemic inflammation and leads 
to harmful inflammatory muscle weakness.45

This study has certain limitations. First, this study only 
used skeletal muscle mass to define sarcopenia, ignoring 
changes in body function. In future, the patient’s muscle 
function should be evaluated in prospective studies. 
Second, this was a single-center retrospective study with 
a relatively small sample size; hence, multicenter large- 
scale studies are required to verify our findings. However, 
diagnostic criteria for sarcopenia in elderly EC patients in 
South China were also proposed for the first time in this 
study. Our findings showed that the L3SMI was signifi-
cantly correlated with the ALI. Early identification of 
elderly EC patients with poor prognosis and timely inter-
vention can improve the prognosis of elderly EC patients.

Conclusion
This study was the first to propose diagnostic criteria for 
sarcopenia specific to elderly patients with EC in South 
China: an L3SMI ≤32.96 cm2/m2 for females and an 
L3SMI ≤35.4 cm2/m2 for males. The L3SMI and ALI 
are significantly related, and both are independent prog-
nostic factors in elderly EC patients. The nomogram con-
sidering the ALI and L3SMI provides a scientific basis for 
identifying patients with poor prognoses.
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