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Abstract: Background: Inflammation plays an important role in cancer progression and prognosis. However, the 
prognostic values of inflammatory biomarkers in esophageal cancer (EC) were not established. In the present study, 
therefore, we initially used a nomogram to predict prognostic values of various inflammatory biomarkers in patients 
with esophageal squamous cell carcinoma (ESCC). Methods: A total of 326 ESCC patients were included in this 
retrospective study. Glasgow prognostic score (GPS), neutrophil lymphocyte ratio (NLR), platelet lymphocyte ratio 
(PLR) and lymphocyte monocyte ratio (LMR) were analyzed in the current study. Kaplan-Meier method was used to 
calculate the cancer-specific survival (CSS). Cox regression analysis was also performed to evaluate the prognostic 
factors. A nomogram was established to predict the prognosis for CSS. Results: Patients were divided into 3 groups 
according to GPS (GPS 0, 1 and 2) and 2 groups according to NLR (≤3.45 and >3.45), PLR (≤166.5 and >166.5) and 
LMR (≤2.30 and >2.30). The 5-year CSS in patients with GPS 0, 1 and 2 were 49.2%, 26.8% and 11.9%, respectively 
(P<0.001). In addition, patients with NLR (>3.45), PLR (>166.5) and LMR (≤2.30) were significantly associated with 
decreased CSS, respectively (P<0.001). Multivariate analysis revealed that GPS (P<0.001), PLR (P=0.002) and 
LMR (P=0.002) were independent prognostic factors in patients with ESCC. In addition, a nomogram was estab-
lished according to all significantly independent factors for CSS. The Harrell’s c-index for CSS prediction was 0.72. 
Conclusion: GPS, PLR and LMR were potential prognostic biomarkers in patients with ESCC. The nomogram based 
on CSS could be used as an accurately prognostic prediction for patients with ESCC.
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Introduction

Esophageal cancer (EC) is the 8th most com-
mon cancer worldwide [1]. Incidences vary 
widely in different regions. The estimated over-
all incidence of EC was 5.7/100,000 [2]. 
However, the incidence of EC was 20.9/100,000 
in China [3]. Therefore, China still suffers a 
great disease burden of EC. Radical resection 
remains the treatment of choice, however, the 
prognosis is still poor [4, 5]. Esophageal squa-
mous cell carcinoma (ESCC) is the most com-
mon pathological type of EC in China (90%-
95%), in contrast to the predominance of 
esophageal adenocarcinoma (EAC) in the West 
[5, 6]. Therefore, a prognostic study that takes 
into account the predominance of ESCC in 
China is important.

Recent reports revealed that inflammation 
plays an important role in cancer progression 
and prognosis [7, 8]. Therefore, a series of 
inflammatory biomarkers, such as Glasgow 
prognostic score (GPS), neutrophil lymphocyte 
ratio (NLR), platelet lymphocyte ratio (PLR), and 
lymphocyte monocyte ratio (LMR), have been 
performed to evaluate the prognosis in various 
cancers [9-14]. However, few studies regarding 
these inflammatory biomarkers in patients with 
EC are available, and the clinical significance 
and prognostic values of these biomarkers 
remain uncertain [15-18]. In addition, previous 
studies had several drawbacks. First, most of 
these studies only evaluated one or two inflam-
matory biomarkers without considering others. 
Second, controversy exists concerning the opti-
mal cut-off points for NLR, PLR and LMR to pre-
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dict prognosis. The aim of the current study 
was initially to investigate the prognostic role of 

these inflammatory biomarkers (GPS, NLR, PLR 
and LMR) in patients with ESCC. In addition, we 

Figure 1. ROC curves for survival prediction (CSS) were plotted to verify the optimum cut-off points for NLR (A), 
PLR (B) and LMR (C). ROC curves for CSS were plotted to verify the optimum cut-off points for NLR, PLR and LMR, 
which were 3.45, 166.5, and 2.30, respectively. The areas under curve (AUC) for NLR, PLR and LMR were 0.680 
(P<0.001), 0.701 (P<0.001) and 0.703 (P<0.001), respectively.

Table 1. Comparison of baseline clinical characteristics based on GPS, NLR, PLR and LMR
Cases  
(n, %)

GPS (n, %)
P value

NLR (n, %)
P value

PLR (n, %)
P value

LMR (n, %)
P value

0 1 2 ≤3.45 >3.45 ≤166 >166 ≤2.30 >2.30
Age (years) 0.598 0.410 0.676 0.167

    ≤60 184 (56.4) 110 52 22 119 65 102 82 101 83

    >60 142 (43.6) 77 45 20 98 44 82 60 67 75

Gender 0.449 0.633 0.810 0.704

    Female 43 (13.2) 27 13 3 30 13 25 18 21 22

    Male 283 (86.8) 160 84 39 187 96 159 124 147 136

Tumor length (cm) 0.001 <0.001 0.001 0.304

    ≤3 89 (27.3) 64 22 3 77 12 63 26 50 39

    >3 237 (72.7) 123 75 39 140 97 121 116 118 119

Tumor location 0.179 0.277 0.121 0.146

    Upper 19 (5.8) 9 6 4 11 8 15 4 12 7

    Middle 156 (47.9) 81 52 23 99 57 87 69 72 84

    Lower 151 (46.3) 97 39 15 107 44 82 69 84 67

Vessel invasion 0.136 0.066 0.523 0.635

    Negative 269 (82.5) 161 76 32 185 84 154 115 137 132

    Positive 57 (17.5) 26 21 10 32 25 30 27 31 26

Differentiation 0.333 0.023 0.186 0.079

    Well 50 (15.3) 31 12 7 35 15 28 22 33 17

    Moderate 206 (63.2) 123 60 23 145 61 123 83 102 104

    Poor 70 (21.5) 33 25 12 37 33 33 37 33 37

T stage <0.001 <0.001 0.078 0.059

    T1 59 (18.1) 47 11 1 54 5 42 17 37 22

    T2 60 (18.4) 41 16 3 45 15 34 26 35 25

    T3 175 (53.7) 88 55 32 105 70 92 83 84 91

    T4 32 (9.8) 11 15 6 13 19 16 16 12 20

N stage 0.001 0.007 0.004 0.041

    N0 179 (54.9) 117 48 14 130 49 111 68 103 76

    N1 84 (25.8) 39 33 12 55 29 50 34 41 43

    N2 40 (12.3) 20 12 8 23 17 13 27 17 23

    N3 23 (7.1) 11 4 8 9 14 10 13 7 16
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initially used a nomogram to predict prognostic 
values of these inflammatory biomarkers (GPS, 
NLR, PLR and LMR) in patients with ESCC.

Patients and methods

A retrospective analysis was conducted in pa- 
tients with ESCC who underwent radical esoph-
agectomy in our hospital between January 
2006 and December 2008. The inclusion crite-
ria were as follows: 1) ESCC was confirmed by 
histopathology and classified by the seventh 
edition of the TNM-UICC/AJCC classification 
[19]; 2) patients with curative esophagectomy 
(Ivor Lewis procedure or McKeown procedure) 
with standard lymphadenectomy (two-field or 
three-field lymphadenectomy) [20, 21]; 3) pa- 
tients without preoperative neoadjuvant thera-
py; 4) patients without previous anti-inflamma-
tory medicines; and 5) preoperative laboratory 
tests were obtained before esophagectomy. At 
last, 326 patients were enrolled in the current 
study. Ethical approval was obtained from the 
Ethical Committees of Zhejiang Cancer Hospital 
(Hangzhou, China).

Routine laboratory results including the serum 
levels of c-reactive protein (CRP), albumin and 
blood cell counts (neutrophil, lymphocyte and 
platelet count) were extracted in a retrospec-
tive medical records. The GPS was calculated 
as follows: patients with elevated CRP level 
(>10 mg/l) and hypoalbuminemia (<35 g/l) 
were assigned to GPS2. Patients with one or no 
abnormal value were assigned to GPS1 or 
GPS0, respectively [9, 15]. The definitions of 
NLR, PLR and LMR are described as follows: 
NLR=neutrophil to lymphocyte ratio; PLR=pla- 
telet count to lymphocyte ratio; and LMR= 
lymphocyte to monocyte ratio.

In our institute, patients were followed up every 
3 to 6 months for the first 2 years after initial 
surgery, then annually. As the current study 
described the prognosis of patients with ESCC, 
therefore, a cancer-specific survival (CSS) anal-
ysis was ascertained. The CSS was defined as 
the time from surgery to cancer-related death. 
The median follow-up for the entire cohort was 
45 months.

Figure 2. NLR, PLR and LMR grouped by GPS. NLR and PLR were significantly higher in patients with GPS 2, but LMR 
was significantly higher in patients with GPS 0.



Nomogram, inflammatory biomarkers and esophageal carcinoma

2183	 Am J Cancer Res 2015;5(7):2180-2189

Statistical analysis

Statistical evaluation was conducted with SPSS 
17.0 (SPSS Inc., Chicago, IL, USA) and R 3.1.2 
software (Institute for Statistics and Mathe- 
matics, Vienna, Austria). Receiver operating 
characteristic (ROC) curves for CSS prediction 
were plotted to verify the optimum cuf-off 
points for NLR, PLR and LMR. Chi-square test 
was used to analyze the relationship between 
clinicopathologic parameters and these inflam-
matory biomarkers. The CSS was calculated by 
the Kaplan-Meier method, and the difference 
was assessed by the log-rank test. A univariate 
analysis was used to examine the association 
between various prognostic predictors and 
CSS. Possible prognostic factors associated 
with CSS were considered in a multivariable 
analysis. A nomogram for possible prognostic 
factors associated with CSS was established 
by R software, and the predictive accuracy was 
evaluated by Harrell’s concordance index 
(c-index) [22, 23]. A P value less than 0.05 was 
considered to be statistically significant.

Results

Among the 326 patients, 43 (13.2%) were 
women and 283 (86.8%) were men. The mean 

age was 59.2 ± 7.9 years (range 38-80 years). 
Patients were divided into 3 groups according 
to GPS (GPS 0, 1 and 2). ROC curves for CSS 
were plotted to verify the optimum cut-off 
points for NLR, PLR and LMR, which were 3.45, 
166.5, and 2.30, respectively (Figure 1). The 
areas under curve (AUC) for NLR, PLR and LMR 
were 0.680 (P<0.001), 0.701 (P<0.001) and 
0.703 (P<0.001), respectively. Based on the 
optimum cut-off values of NLR, PLR and LMR, 
patients then were divided into 2 groups for fur-
ther analysis (NLR ≤3.45 and >3.45; PLR 
≤166.5 and >166.5; LMR ≤2.30 and >2.30).

Clinicopathologic characters were compared 
between the high and low groups for GPS, NLR, 
PLR and LMR (Table 1). NLR, PLR and LMR 
grouped by GPS were shown in Figure 2. 
Pearson correlation analyses were used to ana-
lyze the correlation of NLR, PLR and LMR (Fi- 
gure 3). Our results revealed that there were 
significant positive correlations between NLR 
and PLR (r=0.601, P<0.001). However, there 
were significant negative correlations in NLR 
and LMR (r=-0.194, P<0.001) and PLR and 
LMR (r=-0.185, P=0.001).

To evaluate the association of baseline charac-
teristics and prognosis, Kaplan-Meier survival 

Figure 3. Pearson correlation analysis. There were significant positive correlations between NLR and PLR (r=0.601, 
P<0.001), but negative correlations in NLR and LMR (r=-0.194, P<0.001) and PLR and LMR (r=-0.185, P=0.001).
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analysis and log-rank tests were performed 
(Table 2). The 5-year CSS was 37.7% in our 
study. The 5-year CSS in patients with GPS 0, 1 
and 2 were 49.2%, 26.8% and 11.9%, respec-
tively (P<0.001, Figure 4A). In addition, our 
study revealed that patients with NLR (>3.45), 
PLR (>166.5) and LMR (≤2.30) were significant-
ly associated with decreased CSS, respectively 
(P<0.001, Figure 4B-D).

Clinicopathological characters for prediction of 
CSS were further investigated by univariate 
analysis with Cox regression model. In univari-
ate analysis, tumor length, vessel invasion, dif-
ferentiation, T stage, N stage, GPS, NLR, PLR 
and LMR were significantly associated with 
CSS (Table 3). Then all of the 9 variables above 
were included in a multivariate Cox proportion-
al hazards model to adjust the effects of covari-
ates. In that model, we demonstrated that GPS 
(P<0.001), PLR (P=0.002) and LMR (P=0.002) 
were independent prognostic factors in patients 
with ESCC (Table 3).

To predict the survival risk (CSS) for patients 
with ESCC, a nomogram was established by 
multivariate Cox regression model according to 
all significantly independent factors for CSS 
(Figure 5). The nomogram is used by totalling 
the points identified at the top of the scale for 
each independent factor. This total point score 
is then identified on the total points scale to 
determine the probability of risk prediction. It 
can predict the probability of death for ESCC 
patients after initial surgery. The Harrell’s 
c-index for CSS prediction was 0.72.

Discussion

To the best of our knowledge, this is the first 
study to determine the prognostic values of 
various inflammatory biomarkers in predicting 
postoperative prognosis for patients with ESCC. 
In addition, this study was also the first attempt 
to establish a predictive nomogram to improve 
predictive accuracy based on these inflamma-
tory biomarkers. Our study showed that preop-
erative GPS, NLR, PLR and LMR were signifi-
cantly associated with prognosis in patients 
with ESCC. However, we demonstrated that 
only GPS (P<0.001), PLR (P=0.002) and LMR 
(P=0.002) were independent prognostic fac-
tors. A nomogram based on CSS could be used 
to be an accurately prognostic prediction for 
patients with ESCC (c-index=0.72).

Table 2. Survival analysis in ESCC patients
5-years  
CSS (%)

Log rank  
(Chi-square) P-value

Age (years) 0.018 0.894
    ≤60 37.5
    >60 38.0
Gender 0.999 0.317
    Female 46.5
    Male 36.4
Tumor length (cm) 17.250 <0.001
    ≤3.0 55.1
    >3.0 31.2
Tumor location 1.132 0.568
    Upper 52.6
    Middle 39.1
    Lower 34.4
Vessel invasion 14.375 <0.001
    Negative 41.6
    Positive 19.3
Differentiation 7.105 0.029
    Well 46.0
    Moderate 38.3
    Poor 30.0
T stage 38.104 <0.001
    T1 67.8
    T2 45.0
    T3 28.0
    T4 21.9
N stage 63.989 <0.001
    N0 53.1
    N1 26.2
    N2 10.0
    N3 8.7
Adjuvant therapy 0.891 0.345
    No 39.4
    Yes 34.0
GPS 45.504 <0.001
    0 49.2
    1 26.8
    2 11.9
NLR 29.332 <0.001
    0 (≤3.45) 47.0
    1 (>3.45) 19.3
PLR 34.786 <0.001
    0 (≤166.5) 51.6
    1 (>166.5) 19.7
LMR 28.609 <0.001
    0 (>2.30) 51.8
    1 (≤2.30) 22.8



Nomogram, inflammatory biomarkers and esophageal carcinoma

2185	 Am J Cancer Res 2015;5(7):2180-2189

In our study, we analyzed the prognostic values 
of these inflammatory biomarkers in ESCC 
patients without neoadjuvant therapy mainly 
because chemotherapy and/or radiation may 
have an important impact on the systemic 
inflammation. Several hematological biomark-
ers have shown prognostic significance in 
patients with cancers. In particular, the GPS 
has been well validated. Several previous stud-
ies have shown that GPS is associated with 
prognosis in various cancers, including Ecs [9, 
15]. In our study, GPS is still an independent 
prognostic factor. Recently, the prognostic val-
ues of NLR, PLR and LMR in patients with EC 
remain uncertain. Furthermore, controversy 
exists concerning the optimal cut-off points for 
these biomarkers to predict prognosis. There- 

fore, in our study, ROC curves for CSS predic-
tion were plotted to verify the optimum cut-off 
points for NLR, PLR and LMR, which were 3.45, 
166.5, and 2.30, respectively. NLR is related to 
prognosis in several cancers; however, its role 
in EC is still controversial. Several studies dem-
onstrated that NLR is an independent prognos-
tic factor in patients with EC [16, 17]. In other 
reports, however, NLR does not correlate with 
cancer prognosis in patients with EC [18, 24]. 
Moreover, there have been few studies regard-
ing PLR in EC patients. Previous reports demon-
strated that PLR does not correlate with prog-
nosis in patients with EC [18]. In addition, 
recent studies demonstrated that LMR is asso-
ciated with prognosis in hematological malig-
nancy and lung cancer [13, 14]. However, to the 

Figure 4. Kaplan-Meier CSS curves stratified by GPS (A), NLR (B), PLR (C) and LMR (D). The 5-year CSS in pa-
tients with GPS 0, 1 and 2 were 49.2%, 26.8% and 11.9%, respectively (P<0.001). Patients with NLR (>3.45), PLR 
(>166.5) and LMR (≤2.30) were significantly associated with decreased CSS, respectively (P<0.001).
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best of our knowledge, no studies regarding the 
predictive value of LMR in patients with EC are 
available. In our study, we revealed that preop-
erative NLR, PLR and LMR were all significantly 
associated with CSS. However, we demonstrat-
ed that only PLR and LMR were independent 
prognostic factors in patients with ESCC.

The mechanism of the prognostic values of 
these inflammatory biomarkers in cancer 
remains unclear. Several reports demonstrated 
that cancer-related inflammation causes sup-
pression of antitumor immunity by recruiting 
regulatory T cells and activating chemokines, 
which results in tumor growth and metastasis 

Table 3. Univariate and multivariate analyses of CSS in ESCC patients
Univariate analysis

P-value
Multivariate analysis

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

Age (years) 0.895 - -
    ≤60 1.000
    >60 1.019 (0.772-1.345)
Gender 0.324 - -
    Female 1.000
    Male 1.244 (0.806-1.921)
Tumor length (cm) <0.001 0.622
    ≤3.0 1.000 1.000
    >3.0 2.040 (1.441-2.887) 1.106 (0.740-1.654)
Tumor location 0.343 - -
    Upper/Middle 1.000
    Lower 1.119 (0.887-1.413)
Vessel invasion <0.001 0.529
    Negative 1.000 1.000
    Positive 1.862 (1.338-2.591) 1.121 (0.785-1.603)
Differentiation 0.010 0.320
    Well/Moderate 1.000 1.000
    Poor 1.356 (1.075-1.711) 1.139 (0.881-1.474)
T stage <0.001 0.015
    T1-2 1.000 1.000
    T3-4 2.540 (1.831-3.524) 1.634 (1.101-2.425)
N stage <0.001 <0.001
    N0 1.000 1.000
    N1-3 2.903 (2.183-3.862) 1.919 (1.392-2.645)
Adjuvant therapy 0.351 - -
    No 1.000
    Yes 1.150 (0.857-1.543)
GPS <0.001 <0.001
    0 1.000 1.000
    1-2 1.815 (1.516-2.172) 1.438 (1.176-1.759)
NLR <0.001 0.929
    0 (≤3.45) 1.000 1.000
    1 (>3.45) 2.116 (1.598-2.801) 1.016 (0.723-1.426)
PLR <0.001 0.002
    0 (≤166.5) 1.000 1.000
    1 (>166.5) 2.240 (1.696-2.960) 1.655 (1.207-2.269)
LMR <0.001 0.002
    0 (>2.30) 1.000 1.000
    1 (≤2.30) 2.105 (1.587-2.790) 1.624 (1.202-2.195)
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[25, 26]. The presence of neutrophilia, throm-
bocytosis and lymphopenia tends to represent 
a nonspecific response to cancer-related infla- 
mmation [27]. In addition, cancer has been 
shown to produce various cytokines, such as 
tumor necrosis factor-alpha (TNF-α), interleu-
kin-1 (IL-1), and interleukin-6 (IL-6), which may 
influence tumor-related inflammation [27].

In the present study, we attempt to establish a 
predictive nomogram to predict the survival 
prediction based on GPS, PLR, LMR and other 
clinicopathological factors. We believe that our 
model could be a simple and easy tool for both 
the doctors and patients for estimating the sur-
vival in the absence of treatment in patients 
with ESCC. Thus, for example, a patient with T2 
(33 points) N1 (29 points), PLR1 (>166.5, 45 
points), LMR1 (<2.30, 49 points) and GPS1 (31 
points) would score 187 total points that con-
verts to a risk probability for death of 64%. 
Thus, we believe that the nomogram based on 
CSS could be used as an accurately prognostic 
prediction for patients with ESCC.

Several limitations should be acknowledged. 
Firstly, the current study was a retrospective 

design with a small size population. Secondly, 
the model did not include factors such as age 
or gender that may influence survival. Finally, 
the c-index showed that the model has a good 
accuracy but it is not perfect. There is still room 
for improvement of the predictive ability of the 
model. Therefore, further studies are needed to 
illuminate the relationship between these 
inflammatory biomarkers and prognosis in 
patients with ESCC.

In conclusion, GPS, PLR and LMR were poten-
tial prognostic biomarkers in patients with 
ESCC. The nomogram based on CSS could be 
used as an accurately prognostic prediction for 
patients with ESCC.
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