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Objective: To determine the independent and combined prognostic value of sarcopenia and 
systemic inflammatory markers in esophageal cancer patients undergoing definitive 
radiotherapy.
Methods: Sarcopenia was diagnosed on the basis of the skeletal muscle index (SMI) as 
determined by the skeletal muscle area at the third lumbar (L3) region and body height. The 
optimal cutoff value of systemic inflammatory markers was determined by the receiver- 
operating curve (ROC). Logistic regression was used to analyze the correlation among 
different variables. Cox proportional hazards model was used to identify the factors sig-
nificantly correlated to overall survival (OS). Based on the results of multivariate survival 
analysis, a nomogram was established to predict the survival rate. The accuracy of the 
nomogram was evaluated by the coordination index and the calibration curve.
Results: A total of 100 esophageal cancer patients were included, of which 77 exhibited 
sarcopenia. The lymphocyte–monocyte ratio (LMR) was significantly correlated to the risk 
of sarcopenia (OR = 0.637, 95% CI, 0.452–0.898, P = 0.010). In addition, sarcopenia (P = 
0.002, HR = 3.991, 95% CI: 1.653–9.638) and LMR < 2.67 (P < 0.001, HR = 2.665, 95% CI: 
1.563–4.543) were independent predictors of OS. Two nomograms with good predictive 
accuracy were established.
Conclusion: Sarcopenia and LMR can independently predict the survival of patients with 
esophageal cancer receiving definitive radiotherapy and have good combined prognostic 
value.
Keywords: esophageal cancer, definitive radiotherapy, sarcopenia, lymphocyte-monocyte 
ratio, survival

Introduction
Esophageal cancer is a highly aggressive malignancy with poor prognosis and 
a meagre five-year survival rate of 18%.1 It is a prevalent cancer and ranks ninth 
and sixth worldwide in terms of the incidence rate and mortality rate, respectively.2 

Most patients initially present with dysphagia due to the mechanical obstruction 
caused by tumor growth, which significantly reduces food intake. The resulting 
deterioration in nutritional status leads to cachexia, which manifests as weight loss 
and reduced skeletal muscle mass.3 Sarcopenia is a major indicator of cachexia4 and 
is characterized by a progressive, systemic reduction in skeletal muscle mass and 
strength, which lowers the quality of life and increases mortality risk.5,6 It is 
routinely diagnosed by measuring the skeletal muscle mass at the level of the 
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third lumbar vertebra (L3) by computed tomography 
(CT).7 However, given the lack of standardized diagnostic 
criteria for sarcopenia, there is considerable variation in its 
reported incidence rates in digestive tract cancers and 
ranges from 25.4% to 57.4%.8–11 Nevertheless, it is an 
established prognostic factor in esophageal cancer, pan-
creatic cancer and colorectal cancer.12 In fact, preoperative 
sarcopenia has a better predictive value in patients with 
gastrointestinal tumors compared to body mass index 
(BMI) and obesity.8,13

Systemic inflammation has long been identified as 
a contributing factor in tumorigenesis,14 and immune 
cells including neutrophils, monocytes and lymphocytes 
play an important role in tumor development.15,16 The 
monocyte–lymphocyte ratio (LMR), platelet–lymphocyte 
ratio (PLR) and neutrophil–lymphocyte ratio (NLR) are 
reliable indicators of systemic inflammation and have 
prognostic significance in various solid tumors, including 
esophageal cancer, lung cancer, pancreatic cancer, etc.17–19 

Furthermore, the factors secreted by tumor cause muscle 
and adipose tissue wasting through central and peripheral 
pathways, thus promoting the development of cachexia.20 

Two studies on gastrointestinal cancer patients have shown 
that sarcopenia is significantly associated with the infiltra-
tion of neutrophils, monocytes and lymphocytes.21,22

Due to the absence of discernible symptoms in the 
early stage of esophageal cancer, most patients had lost 
indications for surgery at diagnosis.23 Currently, definitive 
radiotherapy is a common approach for inoperable esopha-
geal cancer without distant metastasis. The aim of this 
study was to determine the correlation between pre- 
treatment sarcopenia and systemic inflammation in 
patients with esophageal cancer receiving definitive radio-
therapy, and assess their prognostic relevance.

Materials and Methods
Patients and Treatment
Data of esophageal cancer patients who received definitive 
radiotherapy from December 2016 to December 2019 at 
the Department of Radiotherapy, Guangxi Medical 
University Cancer Hospital, China was retrospectively 
analyzed. The inclusion criteria were as follows: (a) his-
tologically proven esophageal squamous cell carcinoma or 
adenocarcinoma, (b) no option for surgical resection or 
refuse surgery, (c) definitive radiotherapy with or without 
concurrent chemotherapy as the first-line treatment, and 
(d) availability of complete medical records, pre-treatment 

imaging data and laboratory data. The exclusion criteria 
were: (a) underwent esophageal tumor resection, (b) stage 
M1 tumors, (c) incomplete radiotherapy, and (d) co- 
existence of more than one cancer type. The study was 
conducted in accordance with the Declaration of Helsinki. 
The study was also approved by the Ethical Review 
Committee of Guangxi Medical University Cancer 
Hospital (ethics approval number: LW2020069), and all 
patients provided written informed consent.

Clinical and tumor characteristics of patients were 
obtained by retrieving medical records. Patients’ general 
condition was assessed according to the Eastern 
Cooperative Oncology Group performance status, and 
smoking history and alcohol consumption were defined 
according to previous studies.24,25 Patients were clinically 
staged according to the 2017 UICC/AJCC 8th edition 
esophageal cancer staging criteria, which were mainly 
performed by CT scan and endoscopy.

All patients received definitive radiotherapy with 6MV- 
X-ray intensity-modulated conformal radiotherapy (IMRT) 
at a total dose of 54–60 Gy/30f. IMRT was performed 
using an Elekta linear accelerator (Elekta, Stockholm, 
Sweden) or a Varian linear accelerator (Varian, 
California, USA). Concurrent chemotherapy regimens 
consisted of 5-fluorouracil and platinum, or paclitaxel 
and platinum. All treatments were completed at our hos-
pital. Common Terminology Criteria for Adverse Events 
(CTCAE) version 5.0 was used to collect and evaluate 
adverse events during treatment.

Body Composition
BMI was calculated as weight (kg)/square of the height 
(m2). Abdominal enhanced CT scan was performed within 
a month before treatment, and two consecutive axial 
images were taken of the L3 muscle area, a standard 
skeletal landmark for whole body skeletal muscle 
volume.10 The area of all the skeletal muscles in the L3 
region, including rectus abdominis, oblique externus 
abdominis, internal oblique abdominis, transversus abdo-
minis, psoas major, quadratus psoas and erector spinalis, 
were measured in each image using ImageJ. The average 
of the measured areas of two consecutive slices were 
calculated. Skeletal muscle index (SMI) was then calcu-
lated as the skeletal muscle area (cm2)/square of the 
height (m2). Sarcopenia was defined as L3 SMI ≤ 
52.4cm2/m2 for males and ≤38.5 cm2/m2 for females.26 

The images were analyzed by one researcher in a blinded 
fashion.
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Markers of Systemic Inflammation
Complete blood count (CBC) analysis was performed within 
1 week before the start of treatment using Mindray BC-6900 
automatic blood cell analyzer (Mindray, Shenzhen, China), 
and the platelet, neutrophil, monocyte and lymphocyte 
counts were recorded. NLR was calculated as the absolute 
neutrophil count/lymphocyte count, PLR as platelet count/ 
lymphocyte count, and LMR as monocyte count/lymphocyte 
count. Receiver operating curve (ROC) was plotted, and the 
optimum sensitivity, specificity and area under the curve 
(AUC) were calculated in order to establish the best cut- 
off points for distinguishing between low and high LMR, 
NLR and PLR.

Follow-Up
The patients were followed up every 3 months after the end 
of radiotherapy through the retrieval of medical records, 
telephone calls, letters and outpatient interviews. The med-
ian follow-up duration was 12 months. The primary end 
point was overall survival (OS), defined as the time from 
the diagnosis of esophageal cancer to death from any cause.

Statistics Analysis
Chi-square test or Fisher exact test was used to compare 
categorical variables between groups. Univariate and multi-
variate logistic regression analyses were performed to eval-
uate the relationship between sarcopenia and systemic 
inflammation markers. The Kaplan-Meier survival curve 
was plotted, and the Log rank test was used to analyze the 
differences between groups. Univariate and multivariate 
Cox proportional hazards analysis was used to identify the 
prognostic factors of OS, and the statistically significant 
factors were used to construct a nomogram. Coordination 
index (C index) and calibration curve were used to evaluate 
the predictive accuracy of the nomogram. Statistical analysis 
was performed using SPSS version 23.0 and R version 4.0.2, 
and the graphs were drawn using R version 4.0.2. All tests 
were two-sided, and P values less than 0.05 were considered 
statistically significant.

Results
Patients and Treatment
Data of 100 esophageal cancer patients, including 77 with 
sarcopenia, were collected. The mean age of the patients was 
59.01±1.76 years (range 41–84), and 93% of the patients 
were male. Most patients had a history of smoking (73%) 
and alcohol consumption (77%). Forty-eight patients scored 

0 and 52 patients scored 1 on the ECOG PS. In addition, 45 
patients had cervical and upper thoracic esophageal cancer, 
whereas and 34 and 21 patients were, respectively, diagnosed 
with middle and lower thoracic esophageal cancer. The 
majority of the cases (97%) were squamous cell carcinomas. 
The clinical tumors (cT) stage and clinical lymph node (cN) 
stage was similar in both groups. There were no patients with 
clinical stage I among the included patients, and there was 
a significant difference in clinical stage between the two 
groups (P=0.030). Furthermore, 75% of patients received 
definitive concurrent chemoradiotherapy (CCRT). The over-
all incidence of grade 3–4 adverse reactions to radiotherapy 
or chemotherapy was 64% (Supplementary Table S1). 
Hematological adverse effects were predominant (46%), 
especially leukopenia and neutropenia. In addition, 11 
patients had radiation esophagitis and consequent esophageal 
fistula or stricture, and 1 patient had unexplained upper 
gastrointestinal bleeding. Three patients developed radiation 
pneumonia. In the sarcopenia group, the incidence of grade 
3–4 adverse reactions was significantly higher (70.13% vs 
43.48%, P=0.019). The clinical and pathological character-
istics of all patients are summarized in Table 1.

Systemic Inflammation Markers
The mean LMR was 3.44±0.30 (range 0.93–10.05), and 
the cut-off value, sensitivity, specificity and AUC value 
were 2.67, 44.8%, 85.7% and 0.669 (95% CI: 0.561–-
0.777) respectively. The mean NLR was 2.85±0.31 
(range 0.58–10.57), and the cut-off value, sensitivity, spe-
cificity and AUC were 3.07, 43.1%, 83.3% and 0.636 
(95% CI: 0.526–0.746) respectively. The mean PLR was 
172.09±15.21 (range 35.23–464.29), and the cut-off value, 
sensitivity, specificity and AUC were 161.35, 63.8%, 
64.3% and 0.605 (95% CI: 0.491–0.718) respectively. 
The ROC curves are shown in Figure 1.

Correlation Between Sarcopenia and 
Systemic Inflammation Markers
The results of logistical regression analysis between sar-
copenia and systemic inflammation markers, as well as 
various clinical and tumor characteristics, are summarized 
in Table 2. Univariate analysis showed that female sex 
(OR=0.193, 95% CI, 0.040–0.934, P=0.041), cT stage ≥3 
(OR=4.000, 95% CI, 1.044–15.320, P=0.043), cN stage ≥1 
(OR=4.176, 95% CI, 1.198–14.566, P=0.025) and LMR 
(OR=0.647, 95% CI, 0.470–0.890, P=0.007) were signifi-
cantly correlated to sarcopenia. Multivariate analysis 
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Table 1 Baseline Characteristics of Patients and Tumors

Characteristics All Patients Sarcopenia Nonsarcopenia P

N=100 N=77 N=23

Age 0.789

≤65 76 59 17
>65 24 18 6

Gender 0.078
Male 93 74 19

Female 7 3 4

BMI 0.093

<18.5 18 15 3

18.5–23.9 67 54 13
≥24 15 8 7

Hypertension 0.257
Yes 19 17 2

No 81 60 21

Diabetes 0.301

Yes 7 7 0

No 93 70 23

Smoke 0.911
Yes 73 56 17

No 27 21 6

Alcohol 

consumption

0.24

Yes 77 52 15
No 23 15 8

ECOG PS 0.159
0 48 34 14

1 52 43 9

Tumor location 0.74

Cervical/Upper 45 36 9

Middle 34 26 8
Lower 21 15 6

Clinical tumor 
stage

0.097

cT2 10 5 5

cT3 57 45 12
cT4 33 27 6

Clinical nodal 
stage

0.155

cN0 12 6 6

cN1 23 18 5
cN2 46 37 9

cN3 19 16 3

Clinical stage 0.030
II 11 5 6

(Continued)
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identified cT staging ≥T3 (OR=5.745, 95% CI, 1.270–-
25.993, P=0.023) and LMR (OR=0.637, 95% CI, 0.452–-
0.898, P=0.010) as independent risk factors of sarcopenia.

Survival Outcomes
The median OS of the entire patient cohort was 15 months 
(95% CI: 12.29–17.70). Patients without sarcopenia sur-
vived for a significantly longer duration compared to those 
with sarcopenia (median OS 36 months vs 13 months, 
P<0.001, Figure 2A). In the sarcopenia group, patients 
with LMR≥2.67 had significantly longer median OS com-
pared to those with LMR<2.67 (19 months vs 9 months, 
P<0.001, Figure 2B). To assess the combined prognostic 
value of sarcopenia and LMR, we stratified the patients 
based on the SLMR score as defined by Lin et al: 0 – no 
sarcopenia and LMR <2.67 (N=17), 1 – sarcopenia or 
LMR <2.67 (N=57), 2 – sarcopenia and LMR <2.67 
(N=26).22 The median OS of patients with SLMR score 
0 (36 months) was significantly longer than that of patients 
scoring 1 (16 months) and 2 (8 months) (P<0.001, Figure 
2C). In addition, CCRT significantly prolonged the median 
OS of patients with sarcopenia (14 months vs 8 months, 
P=0.025, Figure 3).

Univariate analysis showed that sarcopenia (P<0.001, 
HR=5.249, 95% CI: 2.213–12.452), LMR<2.67 (P<0.001, 
HR=2.665, 95% CI: 1.563–4.543), alcohol consumption 

(P=0.046, HR=2.067, 95% CI: 1.012–4.221), cT stage ≥3 
(P=0.043, HR=7.681, 95% CI: 1.062–55.541) and cN stage 
≥1 (P=0.009, HR=6.564, 95% CI: 1.591–27.085) were sig-
nificantly correlated with OS. Multivariate analysis showed 
that sarcopenia (P=0.002, HR=3.991, 95% CI: 1.653–9.638), 
LMR<2.67 (P<0.001, HR=2.665, 95% CI: 1.563–4.543), cT 
stage ≥3 (P=0.040, HR=8.183, 95% CI: 1.098–60.962) and 

Figure 1 The receiver-operating characteristic (ROC) curves for inflammation 
index. 
Abbreviations: AUC, area under the curve; LMR, lymphocyte–monocyte ratio; 
NLR, neutrophil-lymphocyte ratio; PLR, platelet–lymphocyte ratio.

Table 1 (Continued). 

Characteristics All Patients Sarcopenia Nonsarcopenia P

N=100 N=77 N=23

III 45 36 9
IVA 44 36 8

Tumor histology 0.999
Squamous cell 

carcinoma

97 74 23

Adenocarcinoma
3 3 0

Concurrent 
chemotherapy

0.891

Yes 75 58 17
No 25 19 6

Adverse events of 
Grade 3–4

0.019

Yes 64 54 10

No 36 23 13

Note: Bold values indicate statistically significant values. 
Abbreviations: BMI, body mass index; ECOG PS, Eastern Cooperative Oncology Group performance status; cT stage, clinical tumors stage; cN stage, clinical lymph node stage.
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cN stage ≥1 (P=0.031, HR=4.768, 95% CI: 1.150–19.776) 
were independent predictors of OS (Table 3).

Survival Predictive Nomogram
Based on the results of multivariate survival analysis, we 
constructed a nomogram to predict OS based on sarco-
penia, LMR, cT staging and cN staging (Figure 4A). cT 
staging was the most significant prognostic factor, fol-
lowed by cN staging, sarcopenia and LMR. To evaluate 
the combined prognostic value of sarcopenia and LMR, 
we constructed a nomogram based on SLMR, cT staging 
and cN staging (Figure 4B). SLMR was the most sig-
nificant factor affecting patient prognosis, followed by 
cT stage and cN stage. The predictive accuracy of each 
nomogram for 1-year and 3-year survival rates were 
compared, and the C index of the non-SLMR and 
SLMR nomograms were 0.7378 and 0.7387, respec-
tively. We also established 3-year OS for the two 

nomograms, and the calibration curve (Figure 5) showed 
consistency between the predicted and actual survival 
probability.

Discussion
We found that sarcopenia and LMR are independent prog-
nostic factors for esophageal cancer patients undergoing 
definitive radiotherapy, and lower LMR indicates a higher 
risk of pre-treatment sarcopenia. Furthermore, the pre-
sence of both sarcopenia and reduced LMR (SLMR) 
before treatment correlated significantly with shorter sur-
vival post-radiotherapy, and the predictive value of SLMR 
for OS was greater than that of cT stage and cN stage. In 
addition, although CCRT is a standard treatment for eso-
phageal cancer, there are concerns regarding its adminis-
tration in malnourished patients. Our study showed that 
concurrent chemotherapy significantly improved the prog-
nosis of sarcopenia patients with ECOG score 0–1, 

Figure 2 Kaplan–Meier survival curve of overall survival in patients: (A) Sarcopenia; (B) LMR; (C) SLMR. 
Abbreviations: LMR, lymphocyte–monocyte ratio; SLMR, sarcopenia and the lymphocyte–monocyte ratio.

Table 2 Univariate and Multivariate Logistic Regression Analysis of Factors Associated with Sarcopenia

Characteristics Univariate Analysis Multivariate Analysis

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

Gender(Female) 0.193(0.040–0.934) 0.041 0.172(0.027–1.093) 0.062

Age(≥65) 0.492(0.177–1.363) 0.172
Smoke 0.941(0.327–2.709) 0.911

Alcohol consumption 2.204(0.790–6.155) 0.131

BMI(High) 0.862(0.737–1.008) 0.062
Hypertension 2.975(0.633–13.977) 0.167

cT stage ≥3 4.000(1.044–15.320) 0.043 5.745(1.270–25.993) 0.023
cN stage ≥1 4.176(1.198–14.566) 0.025 2.639(0.620–11.242) 0.189
LMR(High) 0.647(0.470–0.890) 0.007 0.637(0.452–0.898) 0.010
PLR(High) 1.002(0.996–1.009) 0.529

NLR(High) 1.082(0.784–1.494) 0.630

Note: Bold values indicate statistically significant values. 
Abbreviations: BMI, body mass index; cT stage, clinical tumors stage; cN stage, clinical lymph node stage; LMR, lymphocyte-monocyte ratio; PLR, platelet- 
lymphocyte ratio; NLR, neutrophil-lymphocyte ratio.

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                             

Cancer Management and Research 2021:13 186

Liang et al                                                                                                                                                             Dovepress

Powered by TCPDF (www.tcpdf.org)

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


although the incidence of grade 3–4 adverse reactions was 
higher.

At present, there is no consensus on the prognostic 
value of sarcopenia in patients with esophageal cancer. 
Some studies have not found any correlation between pre- 
treatment sarcopenia and OS in patients undergoing 
neoadjuvant chemoradiotherapy and esophagectomy.27–29 

However, Tamandl et al reported a significantly worse 
prognosis of esophageal cancer patients with pre- 
operative sarcopenia compared to the non-sarcopenia 
patients (median OS 31.5 months vs 76.5 months, 
P=0.011).30 Likewise, Paireder et al showed that esopha-
geal cancer patients with sarcopenia had shorter survival 
duration after neoadjuvant therapy.31 In addition, an East 
Asian study on esophageal cancer patients also reported 
a worse prognosis in the sarcopenia versus non-sarcopenia 
group after definitive CCRT.32 These findings consistent 

with ours suggest that sarcopenia is a promising prognostic 
factor in patients with esophageal cancer.

Sarcopenia leads to a considerable socio-economic 
burden on patients,33 a severe decline in the ability to 
live independently,34 and an increased risk of accidental 
falls and fractures.35 It is a manifestation of cachexia, 
which is significantly associated with reduced survival in 
cancer patients, most likely due to a significant decrease in 
patient tolerance to anticancer therapy and increased sus-
ceptibility to infections and other complications.36 

Consistent with this, sarcopenia significantly increased 
the risk of grade 3–4 adverse reactions in our cohort. 
The direct consequence of sarcopenia is the loss of skeletal 
muscles, which are not only an integral part of the motor 
system but also modulate immune and inflammatory pro-
cesses by secreting multiple cytokines.37 For instance, 
skeletal muscle tissue is the main secretory site of 

Figure 3 Kaplan–Meier survival curve for overall survival according to CCRT and RT in patients with sarcopenia. 
Abbreviations: CCRT, concurrent chemoradiotherapy; RT, radiotherapy.
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interleukin (IL)-15,38 which ensures normal development 
and survival of natural killer (NK) cells by upregulating 
the anti-apoptotic factor bcl-2.39 Therefore, sarcopenia 
may lower NK cell count in cancer patients, thereby weak-
ening the anti-tumor immune response and worsening 
patient prognosis. This further underscores the prognostic 
relevance of sarcopenia and its predictive value for the 
final survival outcome.

Given the mechanical obstruction caused by growing 
esophageal tumor mass, poor food intake and malnutrition 
is very common (79% incidence rate) in esophageal cancer 
patients.40 In addition, vomiting, anorexia, radiation 

esophagitis41 and muscle atrophy36 caused by radiation 
and chemotherapy drugs may aggravate sarcopenia. Ma 
et al showed that the SMI of esophageal cancer patients 
decreased significantly after CCRT, corresponding to an 
increase in the proportion of patients with sarcopenia, 
indicating significant skeletal muscle loss during 
CCRT.32 However, due to insufficient post-treatment ima-
ging data, we were unable to analyze the CCRT-induced 
changes in skeletal muscle mass in our patient cohort. 
Nevertheless, a protein/calorie-rich diet or oral nutritional 
supplements is vital for sarcopenia patients prior to radio-
therapy. If sufficient nutritional intake cannot be ensured, 

Figure 4 Nomogram for predicting the 1- and 3-year overall survival of esophageal cancer patients. (A) non-SLMR-based nomogram of overall survival. (B) SLMR-based 
nomogram of overall survival. 
Abbreviations: SLMR, sarcopenia and the lymphocyte–monocyte ratio; cT stage, clinical tumors stage; cN stage, clinical lymph node stage.

Table 3 Univariate and Multivariate Analyses of Overall Survival in the Eligible Patients

Characteristics Univariate Analysis Multivariate Analysis

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

Gender(Female) 0.442(0.136–1.438) 0.175

Age(≥65) 0.83(0.446–1.547) 0.558
Smoke 1.069(0.592–1.931) 0.824

Alcohol consumption 2.067(1.012–4.221) 0.046 1.605(0.784–3.286) 0.196

BMI 0.062
<18.5 1.000

18.5–23.9 1.266(0.614–2.610) 0.523

≥24 0.919(0.340–2.490) 0.869
Hypertension 1.26(0.677–2.347) 0.466

Diabetes 1.042(0.376–2.885) 0.937

cT stage≥3 7.681(1.062–55.541) 0.043 8.183(1.098–60.962) 0.040
cN stage≥1 6.564(1.591–27.085) 0.009 4.768(1.150–19.776) 0.031
Sarcopenia 5.249(2.213–12.452) <0.001 3.991(1.653–9.638) 0.002
LMR(<2.67) 2.665(1.563–4.543) <0.001 2.997(1.714–5.241) <0.001
PLR(>161.35) 1.481(0.865–2.535) 0.153

NLR(>3.07) 1.629(0.952–2.789) 0.075

Note: Bold values indicate statistically significant values. 
Abbreviations: BMI, body mass index; cT stage, clinical tumors stage; cN stage, clinical lymph node (cN) stage; LMR, lymphocyte-monocyte ratio; PLR, 
platelet-lymphocyte ratio; NLR, neutrophil-lymphocyte ratio.
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enteral nutrition through gastrostomy or nasogastric tube is 
an effective measure.40 Furthermore, eicosapentaenoic 
acid (EPA) supplements are recommended for cancer 
patients with elevated systemic inflammation markers. 
EPA is an n-3 polyunsaturated fatty acid that can effec-
tively improve the nutritional and functional status of 
esophageal cancer patients receiving CCRT,42 and mitigate 
the systemic inflammatory response induced by IL-6 and 
C-reactive protein (CRP).43 However, it remains to be 
elucidated whether nutritional therapy during the perio-
perative period or CCRT can improve the long-term survi-
val outcomes of patients with esophageal cancer.

Systemic inflammation is a hallmark of cancer and is 
triggered by tumor tissue hypoxia or necrosis that 
impairs the balance between the inflammatory cells 
(neutrophils and monocytes) and tumor-specific 
lymphocytes.44,45 Cytotoxic T cells (CTL) can directly 
kill tumor cells, and the helper T cells and B cells play 
auxiliary roles by promoting CTL persistence and anti-
gen presentation, respectively.46 In contrast, monocytes 
secrete pro-inflammatory factors such as tumor necrosis 
factor (TNF), IL-1, IL-6 that may stimulate the growth 
of cancer cells.47 Thus, a higher proportion of lympho-
cytes relative to monocytes, ie a higher LMR in the 
tumor microenvironment, is indicative of slow tumor 
growth. In fact, LMR is a favorable prognostic factor 
for head and neck cancer,48 lymphoma49 and colorectal 
cancer.50 Liu et al further reported better prognostic 
performance of LMR compared to NLR and PLR in 
patients with esophageal squamous cell carcinoma, and 
identified high LMR as an independent factor of longer 

survival.51 Another study showed that high LMR was 
predictive of better clinical response and prognosis for 
patients with locally advanced esophageal cancer receiv-
ing definitive CCRT. Therefore, the LMR may help 
clinicians stratify the responsive and non-responsive 
patients.52

Skeletal muscle tissues are known to secrete TNF-α 
and IL-6 to promote systemic inflammation.39 On the other 
hand, the pro-inflammatory factors released by both 
immune cells and tumor cells promote muscle tissue 
decomposition and inhibit skeletal muscle cell differentia-
tion, eventually leading to muscle atrophy.22 Furthermore, 
TNF-α can directly induce muscle atrophy via the ubiqui-
tin-proteasome system (UPS).53 The increased number of 
circulating monocytes releases copious amounts of TNFα 
and IL-6, which may lead to insulin resistance through 
phosphorylation of serine 307 of IRS-1. This in turn acti-
vates the caspase-3 and ubiquitin-proteasome proteolysis 
pathways via inhibiting PI3K/Akt inhibition, eventually 
leading to muscle protein degradation and sarcopenia.54 

Therefore, we hypothesize that the reciprocal relationship 
between systemic inflammation and skeletal muscle atro-
phy reduction promotes tumor development and increases 
patient mortality.

There are several limitations in this retrospective 
study that ought to be considered. First, we diagnosed 
sarcopenia in a Chinese cohort according to the standards 
established by Prado et al, which in turn is based on the 
data of Caucasian patients.26 Therefore, the proportion of 
patients with muscle loss in our cohort (77%) was rela-
tively higher than that reported in other studies.10,22,28 

Figure 5 The calibration plot for 3-year survival of (A) non-SLMR and (B) SLMR. The X-axis presents the predicted probability and the Y-axis shows the actual probability.
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Second, since detailed follow-up imaging and laboratory 
data were not available for some patients, the incidence of 
adverse reactions such as radiation pneumonia may not 
have been accurate. In addition, we did not deeply explore 
the possible impact of chemotherapy on the nutritional/ 
functional status of patients due to the inconsistent che-
motherapy regimens. Although we have analyzed the 
skeletal muscle area and BMI of patients at the time of 
inclusion, we lack a systematic assessment of the nutri-
tional status of patients. Finally, our sample size was 
small, and our results will have to be verified on 
a larger cohort.

Conclusion
Sarcopenia and LMR are both independent predictors of 
OS for patients with esophageal cancer undergoing defini-
tive radiotherapy and show good combined prognostic 
value. Detection of sarcopenia and LMR can be easily 
incorporated into clinical practice.
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