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Abstract

Background Multiple perioperative inflammatory markers are considered important factors affecting the long-term
survival of esophageal cancer (EC) patients. Hematological parameters, whether single or combined, have high pre-
dictive value.

Aim To investigate the inflammatory status of patients with preoperative EC using blood inflammatory markers, and
to establish and validate competing risk nomogram prediction models for overall survival (OS) and progression-free
survival (PFS) in EC patients.

Methods A total of 508 EC patients who received radical surgery (RS) treatment in The First Affiliated Hospital of
Zhengzhou University from August 5, 2013, to May 1, 2019, were enrolled and randomly divided into a training
cohort (356 cases) and a validation cohort (152 cases). We performed least absolute shrinkage and selection operator
(LASSO)-univariate Cox- multivariate Cox regression analyses to establish nomogram models. The index of concord-
ance (C-index), time-dependent receiver operating characteristic (ROC) curves, time-dependent area under curve
(AUC) and calibration curves were used to evaluate the discrimination and calibration of the nomograms, and deci-
sion curve analysis (DCA) was used to evaluate the net benefit of the nomograms. The relative integrated discrimina-
tion improvement (IDI) and net reclassification improvement (NRI) were calculated to evaluate the improvement in
predictive accuracy of our new model compared with the AJCC staging system and another traditional model. Finally,
the relationship between systemic inflammatory response markers and prognostic survival was explored according to
risk plot, time-dependent AUC, Kaplan—Meier and restricted cubic spline (RCS).

Results Based on the multivariate analysis for overall survival (OS) in the training cohort, nomograms with 10 vari-
ables, including the aggregate index of systemic inflammation (AISI) and lymphocyte-to-monocyte ratio (LMR),
were established. Time-dependent ROC, time-dependent AUC, calibration curves, and DCA showed that the 1-, 3-,
and 5 year OS and PFS probabilities predicted by the nomograms were consistent with the actual observations. The
C-index, NRI, and IDI of the nomograms showed better performance than the AJCC staging system and another
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risk.

prediction model. Moreover, risk plot, time-dependent AUC, and Kaplan—-Meier showed that higher AlSI scores and
lower LMR were associated with poorer prognosis, and there was a nonlinear relationship between them and survival

Conclusion AlSIand LMR are easy to obtain, reproducible and minimally invasive prognostic tools that can be used
as markers to guide the clinical treatment and prognosis of patients with EC.

Keywords Esophageal cancer, Inflammation, Nomogram, Prognosis, Restricted cubic spline

Introduction

EC is one of the most common cancers in the world
[1], and esophageal squamous cell carcinoma (ESCC) is
the main pathological type of EC in China. EC remains
a fatal disease, as it is usually not detected until it
has progressed to an advanced stage. Despite recent
improvements in management and treatment, the prog-
nosis of EC [2] remains poor. Due to the poor prognosis
and high incidence of EC, it is particularly important
to find effective evaluation factors in daily clinical prac-
tice that can provide a basis for formulating the optimal
postoperative treatment plan.

Currently, numerous studies focus on analyzing
tumor molecular levels but ignore the impact of sys-
temic tumor factors on survival and prognosis. In 2011,
Professor Weinberg et al. [3] proposed ten characteris-
tics of tumor cells in the journal Cell, including (1) a
self-sufficient growth signaling pathway, (2) insensitiv-
ity to growth signals, (3) avoidance of apoptosis, (4)
unlimited replication potential, (5) continuous angio-
genesis, (6) tissue infiltration and distant metastasis,
(7) evasion of immune destruction, (8) promotion of
the inflammatory state of tumors, (9) abnormal energy
metabolism of tumor cells, and (10) genomic instability
and mutation. Thus, we can infer the importance of the
nutritional, inflammatory and immune status of cancer
patients.

Inflammation is thought to be a hallmark feature that
initiates and promotes tumorigenesis [4]. Inflamma-
tion at the site of a tumor is generally considered a local
immune response, consisting of immune cells, inflam-
matory protein mediators, and cytokines, construct-
ing the local tumor microenvironment. Tumor-derived
cytokines and mediators are secreted into the systemic
circulation to mediate communication with distant sites.
Systemic inflammation, including circulating cytokines,
circulating immune cells, and inflammation-related pro-
teins, is critical for tumor metastasis and interacts with
local tumor immune responses; it can be detected and
often marks the presence and progression of cancer [5].
In recent years, a large number of clinical trials have also
reported systemic inflammatory indicators, such as the
ratio of neutrophil-to-lymphocyte ratio (NLR), platelet-
to-lymphocyte ratio (PLR) and LMR, which are closely

related to patient survival and prognosis of various
malignant tumors [6].

Compared with other prognostic factors, the prognos-
tic indices based on inflammation are easy to obtain from
preoperative routine blood tests, which is convenient and
feasible. However, previous reports mostly focus on the
impact of single inflammatory markers on prognosis, pro-
viding limited information for clinical oncologists. In this
study, composite blood inflammatory indicators, includ-
ing NLR, PLR, neutrophil-to-monocyte ratio (NMR),
LMR, systemic immune-inflammation index (SII), NLPR,
systemic inflammation response index (SIRI), and AISI,
were used to score the inflammatory state of preoperative
EC patients and to explore the relationship with long-
term survival prognosis. We innovatively proposed the
above eight inflammatory markers, clinicopathological
features, inflammatory cells and their prognostic value
for EC. In conclusion, we hope this study helps to guide
the adjuvant treatment in patients with EC by studying
simple and reliable relevant factors that are easy to obtain
clinically.

Materials and methods

Study population

This retrospective study included 508 patients with EC
who underwent RS at The First Affiliated Hospital of
Zhengzhou University from August 5, 2013, to May 15,
2019.

The inclusion criteria were as follows: (1) patients with
primary EC found by preoperative gastroscopy and path-
ological examination who underwent preoperative com-
puted tomography (CT) or magnetic resonance imaging
(MRI) and gastroscopy; (2) RS was performed in our
hospital; (3) no significant abnormalities were found in
liver, kidney, lung, brain, heart and bone marrow upon
admission, and the laboratory tests were complete 1 week
before surgery, including routine blood, liver and kidney
function, electrolytes, blood biochemistry, hemaggluti-
nation, infectious diseases, routine urine, routine stool,
tumor markers, etc.; (4) complete hospitalization records;
(5) patients in whom the expected survival was more
than 3 months, and the follow-up was estimated to last
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at least 12 months and who had complete postoperative
follow-up data.

Relevant patients were selected according to the inclu-
sion criteria. The clinicopathological stages were classi-
fied in accordance with the eighth edition of the AJCC
staging system. Tumor classification was based on WHO
classification guidelines. Tumor size was defined as the
maximum diameter of gross pathology after RS. RS was
defined as complete resection with a negative margin
under a microscope. The primary endpoint of the whole
study was OS, and the secondary outcome was PFS. OS
was defined as the period from the date of randomization
to the date of death or the last follow-up. PFS was defined
as the period from the date of randomization to the ear-
liest date of disease recurrence, namely, local recurrence
or distant metastasis [7, 8].

All patients were followed up according to the stand-
ard postoperative schedule for EC as follows: the patients
were followed-up every 3—4 months within 2 years with
a chest CT, routine blood tests and tumor markers; after
2 years, the patients were followed-up every 6 months
until 5 years after the operation. The patients were fol-
lowed-up and rechecked with a chest, abdominal and
pelvic enhanced CT and gastroscopy once a year. The last
follow-up time was May 1, 2022, and the follow-up rate
was 95.7%.

This study conformed to the principles of the Hel-
sinki Declaration and relevant ethical requirements
and was approved by the Ethics Committee of Scien-
tific Research and Clinical Trials of the First Affiliated
Hospital of Zhengzhou University (Approval Identifier:
KY-2022-0361).

Study variables

For all 508 EC patients, we recorded the following pre-
operative clinical data: age(y), sex, neoadjuvant therapy,
comorbidity, treatment methods, histologic subtypes,
histologic grade, T stage, N stage, M stage, TNM stage,
tumor location, vascular invasion, nerve invasion, tumor
size (cm), Hb, WBC, Neut, Mono, PDW, ALB, PA, LDL,
CPR.

In addition, we calculated the inflammatory markers as
follows: NLR=neutrophil/lymphocyte, PLR=platelet/
neutrophil, NMR =neutrophil/monocyte, LMR=Ilym-
phocyte/monocyte, SII = (platelet x neutrophil)/lym-
phocyte, NLPR = neutrophil/(lymphocyte x platelet),
SIRI = (neutrophil x monocyte)/lymphocyte, and
AISI= (neutrophil x platelet x monocyte)/lymphocyte,
based on the preoperative blood count.
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Study design and statistical analysis

The study design is shown in Fig. 1. The patient cohort
of The First Affiliated Hospital of Zhengzhou University
was used as the training cohort to construct nomogram
models including LMR and AISI, and the internal valida-
tion of the model was carried out in the training cohort.

Using ROC curves, the maximum sensitivity and speci-
ficity were calculated, the cutoff values of the parameters
were selected, and the patients were divided into groups
with high and low levels according to each cutoff value.
All patients were randomly divided into a training cohort
and a validation cohort at a ratio of 7:3. To compare vari-
ables between the training and validation cohorts, we
used the chi-square test.

The variables selected by LASSO and those with
P<0.10 in univariate COX analysis were included in the
multivariate analysis for mixed, forward, backward and
stepwise regression analysis. The variable combination
with the smallest akaike information criterion (AIC)
value was selected by analysis of variance (ANOVA), and
the variables with P<0.05 were eligible to be used to gen-
erate the nomograms.

Subsequently, internal validation of the nomograms
and comparison between the models were carried out.
The C-index, time-dependent ROC and time-dependent
AUC were used to evaluate the discrimination ability. If
the C-index and AUC values were between 0.5 and 0.6,
between 0.6 and 0.7, or greater than 0.8, the prediction
performance of the model was considered to be poor, fair
or good, respectively. Calibration curves were used to
evaluate the calibration ability, and the bootstrap method
was used to test the internal validity of the prediction
models. Additionally, DCA was applied to assess the net
benefit of the nomograms in a clinical context. The clini-
cal benefit and utility of the NRI and IDI in evaluating the
nomogram models compared with AJCC staging system
and another prediction model further demonstrated the
superiority of our models. If NRI and IDI >0, it indicated
positive improvement, indicating that the predictive abil-
ity of the new model was improved compared with that
of the old model. If NRI and IDI<O, it indicates a nega-
tive improvement, indicating a decrease in the predictive
power of the new model.

A risk plot was used to show the differences in the
distribution of population proportion, survival time
and research indicators between the high- and low-risk
groups. Time-dependent AUC was used to assess the
effect of variables that changed over time on survival
and recurrence. Survival curves were generated with the
Kaplan—Meier method, and the log-rank test was applied
to compare the OS and PFS between different groups. We
also flexibly modeled the nonlinear relationships between
the inflammatory marks and the HR of the OS and PFS
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EC patients underwent RS at the First Affiliated Hospital of Zhengzhou
University between August 2013, and May 2019, were remained (n = 508)

A
Training cohort (n = 356) Validation cohort (n = 152)

NLR, PLR, NMR, LMR, SlI, NLPR, AlSI, and SIRI were constructed

ROC curves were used to select the best cutoff values for NLR, PLR, NMR, LMR, SlI, NLPR, AISI, SIRI

LASSO- univariate Cox- multivariate Cox
regression analyses were used to screen the
independent prognostic factors for EC
patients and present the results in the forest
plot

Nomogram models were established based
on the results of multivariate Cox regression
analysis for OS and PFS

C-index, time-dependent ROC curves, and time-dependent AUC were used to verify the discrimination of
the nomograms for OS and PFS

Calibration curves were used to verify the calibration of the nomograms for OS and PFS

C-index, DCA, NRI and IDI were used to compare the prediction performance among different models

Risk plot, time-dependent AUC, Kaplan-Meier
analysis and RCSs were evaluated to explore
the relationship between NLR, PLR, NMR,
LMR, SII, NLPR, AISI, SIRI and prognostic
risk

Fig. 1 Flow chart of the study design
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using RCSs at four nodes located at the 5th, 35th, 65th,
and 95th percentiles.

All statistical analyses were performed with SPSS 26.0
and RStudio 4.2.1 software. The hazard ratio (HR) and
the 95% confidence interval (CI) were employed to quan-
tify the correlations between predictors and survival rate,
with P<0.05 indicating statistical significance. The signif-
icance level was a=0.05.

Results

Patient characteristics and optimal cut-off values

for the biomarkers

According to the inclusion criteria, 508 EC patients
were finally included. The included data were randomly
divided into a training cohort (n=2356) and a validation
cohort (n=152) at a ratio of 7:3.

The ROC curve was used to analyze the optimal
threshold for predicting death with the highest sensitiv-
ity and specificity. The optimal cut-off values of NLR,
PLR, NMR, LMR, SII, NLPR, SIRI, and AISI are 1.685,
83.590, 6.959, 4.724, 334.165, 0.006, 0.901, and 178.055,
respectively, and the corresponding sensitivity and speci-
ficity are shown in Table 1. We divided the 508 patients
into two groups based on the cutoff values calculated for
the levels of inflammatory markers and the laboratory
parameters.

The demographic and baseline data of the stud-
ied cohort are shown in Table 2. The patients were
mainly <65 years old and male; had not received neo-
adjuvant therapy; did not exhibit comorbidities; were
treated with chemotherapy; exhibited pathological grade

Table 1 Diagnostic value of the parameters
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II, Tis+T1+ T2 stage, NO+ N1 stage, MO stage, 041411
stage; displayed lower esophagus involvement; did not
exhibit vascular invasion or nerve invasion; and had a
tumor size>3 cm. In the whole population, there were
no significant differences in demographic and clinical
characteristics between the training cohort and valida-
tion cohort (P>0.05) (Table 2).

Screening for predictive factors

Through the LASSO Cox regression model (Fig. 2A,
B), 14 indicators related to OS were screened and input
into the univariate Cox regression model. Variables
with P<0.10 in the univariate analysis were included in
the multivariate Cox regression, and the results showed
that lack of treatment (P=0.012, 95% CI 1.062-1.645),
receival of neoadjuvant therapy (P=0.026, 95% CI
1.038-1.789), presence of nerve invasion (P=0.010, 95%
CI1.109-2.136), presence of vascular invasion (P=0.017,
95% CI 1.065-1.895), location in lower esophagus
(P=0.017, 95% CI 1.035-1.427), high LDL (P=0.040,
95% CI 1.017-2.176), high PA (P=0.004, 95% CI 1.154—
2.080), high RDW (P=0.001, 95% CI 1.374-3.565), high
AISI (P=0.032, 95% CI 1.127-14.902), and high LMR
(P=0.028, 95% CI 0.252-0.925), may be independent
predictors of EC patient OS (Table 3). In addition, we vis-
ualized the results of the above multivariate Cox regres-
sion in a forest plot (Fig. 2C).

Development of the nomogram
Based on the independent risk factors screened
by multivariate Cox regression, nomograms were

Parameters Cutoff value Sensitivity Specificity AUC 95% Cl P value
NLR 1.685 0.587 1.000 0.814 0.771-0.856 <0.001
PLR 83.590 0.629 0.925 0.789 0.745-0.834 <0.001
NMR 6.959 0.675 0.660 0.642 0.552-0.731 0.001
LMR 4.724 1.000 0.602 0.816 0.774-0.857 <0.001
SI 334.165 0.580 0.981 0.807 0.764-8.849 <0.001
NLPR 0.006 0.723 0.830 0.812 0.767-0.857 <0.001
SIRI 0.901 0.585 1.000 0.817 0.775-0.860 <0.001
AlSI 178.055 0.574 1.000 0.813 0.770-0.856 <0.001
RDW (%) 13350 0.580 0.906 0.718 0.661-0.774 <0.001
Hb (g/L) 126.500 0.868 0.442 0.646 0.587-0.704 0.001
WBC (x 10°/L) 6.305 0378 0.736 0.526 0.449-0.603 0531
Neut (x 10°/L) 3.205 0.622 0.943 0.803 0.758-0.848 <0.001
Mono (x 10°/L) 0.405 0.629 0.868 0.795 0.746-0.844 <0.001
ALB (g/L) 42.150 0.906 0.580 0.760 0.707-0.814 <0.001
PA (mg/L) 208.500 0.591 0.830 0.716 0.652-0.780 <0.001
LDL (mmol/L) 2535 0.596 0.943 0.738 0.689-0.787 <0.001
CRP (mg/L) 3.655 0.571 0.943 0.806 0.747-0.865 <0.001
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Table 2 Demographic and clinical characteristics of patients with EC. (n=508)

Variables Validation cohort [cases Training cohort Whole population [cases )(2 P value
(%)1 [cases (%)] (%]
Age (y) 0.004 0.950
<65 85 (55.9) 198 (55.6) 283 (55.7)
>65 67 (44.1) 158 (44.4) 225 (44.3)
Sex 0317 0.574
Female 53(34.9) 115 (32.3) 168 (33.1)
Male 99 (65.1) 241 (67.7) 340 (66.9)
Neoadjuvant therapy 0.745 0.388
Yes 112 (73.7) 275(77.2) 387 (76.2)
No 40 (26.3) 81(22.8) 121 (23.8)
Comorbidities 2.021 0.155
No 97 (63.8) 250(70.2) 347 (68.3)
Yes 55(36.2) 106 (29.8) 161(31.7)
Treatment methods 3.741 0.154
Combination therapy 18(11.8) 47 (13.2) 65 (12.8)
Chemotherapy 88 (57.9) 230 (64.6) 318 (62.6)
NC 46 (30.3) 79(22.2) 125 (24.6)
Histologic subtypes 0.029 0.865
ESCC 142 (93.4) 334 (93.8) 476 (93.7)
Others 10 (6.6) 22(6.2) 32(6.3)
Histological grade 1.179 0.555
Il 32(21.1) 67 (18.8) 99 (19.5)
Il 77 (50.7) 199 (55.9) 276 (54.3)
| 43 (28.3) 90 (25.3) 133 (26.2)
T stage 3.101 0.078
Tis+T14+T2 94 (61.8) 190 (534) 284 (55.9)
T3+T4 58(38.2) 166 (46.6) 224 (44.1)
N stage 0.080 0.777
NO+ N1 127 (83.6) 301 (84.6) 428 (84.3)
N2+ N3 25(16.4) 55(15.4) 80 (15.7)
M stage 0.509 0476
MO 151(99.3) 351(98.6) 502 (98.8)
M1 1(0.7) 5(1.4) 6(1.2)
TNM stage 0.140 0.708
04141l 86 (56.6) 195 (54.8) 281 (55.3)
41V 66 (43.4) 161 (45.2) 227 (44.7)
Tumor location 0.007 0.997
Upper 27 (17.8) 63 (17.7) 90 (17.7)
Middle 53 (34.9) 123 (34.6) 176 (34.6)
Lower 72 (47.4) 170 (47.8) 242 (47.6)
Vascular invasion 0.342 0.559
No 112(73.7) 271 (76.1) 383 (754)
Yes 40 (26.3) 85 (23.9) 125 (24.6)
Nerve invasion 2127 0.145
No 119(78.3) 298 (83.7) 417 (82.1)
Yes 33(21.7) 58 (16.3) 91 (17.9)
Tumor size (cm) 0318 0573
<3 66 (43.4) 145 (40.7) 211 (41.5)
>3 86 (56.6) 211 (59.3) 297 (58.5)

NLR 0.364 0.546
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Table 2 (continued)

Variables Validation cohort [cases Training cohort Whole population [cases x> P value
(%] [cases (%)] (%]
<1.685 69 (45.4) 172 (48.3) 241 (47.4)
>1.685 83 (54.6) 184 (51.7) 267 (52.6)
PLR 0.399 0.527
<83.590 62 (40.8) 156 (43.8) 218(42.9)
>83.590 90 (59.2) 200 (56.2) 290 (57.1)
NMR 1.588 0.208
<6.959 61 (40.1) 122 (34.3) 183 (36.0)
>6.959 91 (59.9) 234(65.7) 325 (64.0)
LMR 1.367 0.242
<4724 88(57.9) 186 (52.2) 274 (53.9)
>4.724 64 (42.1) 170 (47.8) 234 (46.1)
SI 0.276 0.599
<334.165 70 (46.1) 173 (48.6) 243 (47.8)
>334.165 82 (53.9) 183(51.4) 265 (52.2)
NLPR 0.521 0470
<0.006 50(32.9) 129 (36.2) 179 (35.2)
>0.006 102 (67.1) 227 (63.8) 329 (64.8)
SIRI 0437 0.508
<0.901 69 (45.4) 173 (48.6) 242 (47.6)
>0.901 83 (54.6) 183 (51.4) 266 (52.4)
AlSI 0317 0573
<178.055 71 (46.7) 176 (49.4) 247 (48.6)
>178.055 81(53.3) 180 (50.6) 261 (514)
RDW (%) 0.238 0.626
<13350 69 (45.4) 170 (47.8) 239 (47.0)
> 13350 83 (54.6) 186 (52.2) 269 (53.0)
Hb (g/L) 0.023 0.880
<126.500 63 (414) 145 (40.7) 208 (40.9)
>126.500 89 (58.6) 211(59.3) 300 (59.1)
WBC (x 10%/L) 0223 0.637
<6.305 94 (61.8) 228 (64.0) 332 (634)
>6.305 58(38.2) 128 (36.0) 186 (36.6)
Neut (x 10%/L) 0.013 0911
<3.205 67 (44.1) 155 (43.5) 222 (43.7)
>3.205 85(55.9) 201 (56.5) 286 (56.3)
Mono (x 10%/L) 0.209 0.648
<0405 62 (40.8) 153 (43.0) 215 (42.3)
>0.405 90 (59.2) 203 (57.0) 293 (57.7)
ALB (g/L) 0.083 0.773
<42.150 79 (52.0) 190 (53.4) 269 (53.0)
>42.150 73 (48.0) 166 (46.6) 239 (47.0)
PA (mg/L) 1.762 0.184
<208.500 62 (40.8) 168 (47.2) 230 (45.3)
>208.500 90 (59.2) 188 (52.8) 278 (54.7)
LDL (mmol/L) 0.951 0330
<2535 65 (42.8) 169 (47.5) 234 (46.1)
>2.535 87(57.2) 187 (52.5) 274 (53.9)
CRP (mg/L) 3.257 0.071

<3.655 64 (42.1) 181 (50.8) 245 (48.2)
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Table 2 (continued)
Variables Validation cohort [cases Training cohort Whole population [cases x> P value
(%)] [cases (%)] (%]
>3.655 88 (57.9) 175 (49.2) 263 (51.8)
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==
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Fig. 2 Determination of the number of factors by the LASSO- univariate Cox- multivariate Cox regression analyses. A LASSO coefficient profiles
of the 32 survival-related factors in the training cohort. B Selection of the optimal parameter in the LASSO regression model; C Multivariate Cox
regression analysis of EC based on LMR and AlISI in the training cohort for OS

generated to predict the risk of OS (Fig. 3A) and PFS
(Fig. 3H) in EC patients. Each prognostic factor had a
corresponding point, which enabled the risk of each
factor to be transformed into a computable value. The
total score was calculated by adding the scores of all
prognostic factors, and a vertical line was drawn at the

bottom of the probability line that corresponded to the
probability that the patient would die. From the nomo-
grams, we observed that LMR and AISI had the strong-
est prognostic value in predicting early mortality.
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Table 3 Univariate and multivariate Cox analyses on variables for the prediction of OS of EC patients
Variables Univariate analysis Multivariate analysis

HR 95% Cl Pvalue HR 95% Cl P value
High LMR 0.103 0.079-0.134 <0.001 0.483 0.252-0.925 0.028
High NLPR 3.650 2.858-4.661 <0.001 1.262 0.859-1.854 0.236
High SIRI 12.500 9.509-16.608 <0.001 1.313 0.394-4.381 0.658
High AISI 21.739 15.704-30.631 <0.001 4.099 1.127-14.902 0.032
High ALB 0.205 0.162-0.261 <0.001 0.675 0.454-1.005 0.053
High CRP 2639 2.095-3.320 <0.001 1.215 0.938-1.575 0.140
High LDL 5.000 3.920-6.366 <0.001 1.488 1.017-2.176 0.040
High PA 3.165 2.514-3.985 <0.001 1.549 1.154-2.080 0.004
High RDW 7463 5.795-9.592 <0.001 2213 1.374-3.565 0.001
Lack of treatment 1425 1.165-1.744 0.001 1.322 1.062-1.645 0.012
Lower esophagus 1.248 1.076-1.449 0.004 1.215 1.035-1.427 0.017
Presence of vascular invasion 2.183 1.688-2.825 <0.001 1421 1.065-1.895 0.017
Receive of neoadjuvant therapy 1.887 1.458-2.440 <0.001 1.363 1.038-1.789 0.026
Presence of nerve invasion 2.331 1.739-3.121 <0.001 1.539 1.109-2.136 0.010

Validation of the nomogram

The C-index, time-dependent ROC, and time-dependent
AUC were used to evaluate the discrimination of the
nomograms. The C-indices based on OS and PFS were
0.798 and 0.754 in the training cohort and 0.790 and
0.702 in the validation cohort, respectively (Table 4).
Moreover, the calibration curves of the 1-, 3-, and 5 year
OS and PFS probability nomograms for the training and
validation cohorts showed that the observed results were
consistent with the predicted results (Fig. 3).

The AUC:s for predicting the 1-, 3-, and 5 year OS and
PES in the training cohort were 0.837, 0.905, and 0.877
(Fig. 4A) and 0.790, 0.911, and 0.948 (Fig. 4C), respec-
tively, and those in the validation cohort were 0.825,
0.924, and 0.877 (Fig. 4B) and 0.739, 0.752, and 0.911
(Fig. 4D), respectively. The time-dependent AUCs for
predicting OS and PFS over 7 years were all >0.7, indicat-
ing the favorable discriminative ability of the nomograms
(Fig. 4E—H).

Comparison among different predictive models
DCA showed a significant improvement in the net ben-
efit of the nomograms over the AJCC tumor staging
system and other prediction models, with a wide range
of threshold probabilities in both the training and valida-
tion cohorts (Fig. 5). This finding that the new nomogram
models are more beneficial for clinical application in pre-
dicting individual survival outcomes than the AJCC stag-
ing system and another prediction model.

In the training cohort and validation cohort, we com-
pared our models with the AJCC tumor staging system

and other predictive models using IDI and NRI and com-
pared their discriminative abilities using the C-index
(Table 4). Their NRI and IDI were both less than 0, indi-
cating a negative improvement, and their C- indices were
smaller than those of our models. These results indicated
that our models had better predictive power and discrim-
ination ability than the AJCC staging system and another
predictive model.

The impact of the systemic inflammatory indices

on the outcomes of interest

To further investigate the ability of the inflammatory
indices to predict survival, we plotted scatter plots of
indicator expression in different samples in addition to
the corresponding OS (Fig. 6). For predicting OS over
7 years in both the training cohort and validation cohort,
the AUCs achieved using the inflammatory indices
ranged from 0.80 to 0.85 (except for NMR), indicating a
reasonable assessment (Fig. 41-L).

Kaplan—Meier curves and log-rank tests revealed that
higher NLR, PLR, SII, NLPR, AISI, and SIRI and lower
NMR and LMR were significantly associated with worse
OS and PFES (all P<0.05) (Fig. 7). Taking NLR, PLR,
NMR, LMR, SII, NLPR, AISI, and SIRI as the variables
of RCSs, as shown in Fig. 8, the nonlinear correlation
P<0.001 of the above variables indicated that there were
nonlinear relationships between them and the HRs of OS
and PFS.
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Fig. 3 A Nomogram model of EC patients for predicting the 1 year, 3 year, and 5 year OS rates. To predict the 1 year, 3 year, and 5 year OS rates of EC

patients, locate the patient’s LMR on the “LMR" axis. Draw a straight line up to the “point”axis to determine the points for LMR". Repeat the process
for each of the remaining axes, drawing a straight line each time to the “point” axis. Add the points received from each variable and locate this point
on the "total point”axis. A straight line is drawn down from the “total point”axis to the “1 year OS",“3 year OS", and “5 year OS" axis to determine the

1 year, 3 year, and 5 year OS rates of EC patients. Calibration curves of the nomogram in the training cohort B 1 year OS, C 3-year OS, D 5 year OS;
Calibration curves of the nomogram in the validation cohort E 1-year OS, F 3 year OS, G 5-year OS. The X-axis represents the model — predicted
survival, and the Y — axis represents actual survival. The bar represents 95% Cl measured by Kaplan-Meier analysis, and the dotted line represents
the ideal reference line. H Nomogram model of EC patients for predicting the 1 year, 3 year, and 5 year PFS rates. Calibration curves of the
nomogram in the training cohort I 1 year PFS, J 3 year PFS, K 5 year PFS; Calibration curves of the nomogram in the validation cohort L 1 year PFS,

M 3 year PFS, N 5-year PFS

Discussion

Personalized therapy that can accurately predict the
recurrence and prognosis of EC patients has been
the direction of researchers’ efforts. In this study, we
recruited 508 EC patients to investigate whether inflam-
matory markers such as NLR, PLR, NMR, LMR, SII,
NLPR, SIRI, and AISI can be used as diagnostic and prog-
nostic tools and to demonstrate that in addition to tra-
ditional clinicopathological parameters, LMR and AISI
may also be independent predictors of EC recurrence.

To date, there is no consensus on which hematologi-
cal biomarker is the best index to predict the prognosis
of EC. NLR, PLR, LMR, NMR, SII, NLPR, AISI and SIRI
are blood cell indices derived from CBCs, whose pro-
portions may better represent the inflammatory state
than individual ones [8]. Previous studies showed that
NLR [9, 10], PLR [11], LMR [11, 12], SII [13, 14], and
SIRI [15, 16] were associated with poor prognosis. In

contrast, no studies have confirmed that NMR, NLPR
and AISI are independent predictors of poor prognosis
in patients with EC. To the best of our knowledge, this
is the first report to evaluate the relationship between
NMR, NLPR, and AISI and the prognosis of patients with
EC. Our study showed significant changes in all blood-
derived indicators, among which LMR and AISI were
superior to the others, demonstrating that LMR and AISI
were independent prognostic indicators. Compared with
patients with lower AISI scores, the prognosis of patients
with higher AISI scores was significantly worse. In addi-
tion, we also calculated the AUC and C-index of these
biomarkers. LMR (AUC =0.816) and AISI (AUC=0.813)
had large AUC values for OS, indicating that LMR and
AISI are hematological biomarkers for predicting OS in
EC patients who have undergone RS. These data pro-
vide an effective way for clinicians to identify high-risk
EC patients with poor prognoses before treatment and
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in the validation cohort

further adjust individualized treatment plans or take pre-
treatment measures.

In recent years, there has been increasing evidence that
inflammatory biomarkers are significantly associated
with poor prognosis of EC. However, the exact mecha-
nism remains unclear. Lymphocyte levels, neutrophil
levels, monocyte levels, and platelet are thought to be
involved in regulating inflammation [8]. First, lympho-
cyte levels is involved in immune regulation in the tumor
microenvironment, which may establish an immune
response to tumor cells in humans [17]. Thus, a low lym-
phocyte levels count correlates with immunosuppressive
status, which provides a favorable microenvironment for
tumor proliferation and migration [18]. Second, neutro-
phil levels counts are increased both in the tumor micro-
environment and throughout the body and are often
associated with poor outcomes in solid cancer patients

[19]. As an inflammatory response, it suppresses the
immune system by inhibiting the cytolytic activity of
immune cells such as lymphocyte levels and activating T
cells and natural killer cells [20]. Endothelial and paren-
chymal cells can also be activated to enhance circulating
tumor cell adhesion and promote distant metastasis [21].
Third, circulating monocytes have been found to pro-
mote tumor growth and help tumor cells evade immune
surveillance [22, 23]. In addition, it was reported that
tumor-associated macrophages (TAM) derived from
circulating monocytes can penetrate the EC matrix and
exert activities including promoting proliferation, metas-
tasis, angiogenesis and immunosuppression [24-26].
Fourth, platelets interact directly with tumor cells, releas-
ing factors that promote tumor growth, invasion and
angiogenesis [27]. Platelet can promote metastasis by
stabilizing the retention of tumor cells in the vascular
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system, stimulating tumor cell proliferation and promot-
ing tumor cell extravasation [28].

Based on the key evidence of trials in Western coun-
tries, NCCN guidelines recommend neoadjuvant therapy
for locally advanced EC [29]. The rationale behind pre-
operative chemotherapy is twofold: (1) to downstage or
downsize the primary tumor in order to ensure complete
surgical resection and (2) to preemptively destroy any

distant foci of micrometastatic disease [30]. The stand-
ard treatment for stage II/III EC is neoadjuvant therapy
before RS, while surgery is the standard treatment for
stage I EC [31]. However, in some patients, the disease
may be highly malignant and may recur soon after sur-
gery. Many studies have shown that postoperative adju-
vant therapy has survival benefits for patients with T3-T4
stage EC, positive lymph node metastasis and positive
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margins [32]. Consistent with the observation results,
this study found that receiving neoadjuvant and postop-
erative combined therapy were independent prognostic
factors. Regarding nerve and vascular invasion, nerve
invasion is a common phenomenon in a variety of can-
cers [33, 34], and nerves innervating the esophagus pro-
vide a favorable microenvironment that can promote
tumor cell proliferation and spread, thereby worsening
patient prognosis. Vascular invasion is an vital step in
cancer metastasis and a major cause of cancer morbid-
ity and mortality. The detection of vascular invasion in
primary tumors is a marker of metastatic potential [35].
Consistent with the observations, the present study indi-
cated that either neoadjuvant therapy or postoperative
combination therapy, and the lack of nerve and vascular
invasion were significantly associated with a favorable
outcome.

A visual medical nomogram is an advanced prognostic
model that can individually predict patient prognosis by
integrating multiple clinicopathological factors. At pre-
sent, nomograms have been developed for a variety of

malignant tumors, and their predictive value is greater
than that of the traditional TNM staging system. Some
experts suggest taking it as an alternative or even a new
standard [36]. Since both univariate and multivariate
analyses of this study suggest that LMR and AISI are
independent risk factors for the long-term survival of
patients with EC after RS, we included LMR, AISI, sta-
tistically significant clinicopathological parameters and
peripheral blood count characteristics in the nomogram.
The aim was to individually predict the PFS and OS rates
of postoperative patients with EC. In addition, the cali-
bration curves showed a high consistency between the
prognostic nomogram predicting the 1-, 3-, and 5 year
survival rates and the actual observed values. If further
validation can be completed in multicenter, large-scale
trials and prospective studies, our nomograms may help
clinicians predict the prognosis of EC.

This study has several limitations. First, due to the
single-center retrospective design, selection bias
was inevitable, and external validity was limited. We
obtained some information on postoperative treatment
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Fig. 7 Kaplan-Meier curves for risk stratification. Kaplan-Meier plots for OS in the training cohort between A NLR, B PLR, C NMR, D LMR, E SII, F
NLPR, G AlSI, H SIRI risk score groups; for PFS in the training cohort between I NLR, J PLR, KNMR, L LMR, M SII, N NLPR, O AlSI, P SIRI risk score groups

and survival outcomes during follow-up through tel-
ephone conversations with the patients or their rela-
tives, which may induce recall bias. Second, although
the current study adopts strict inclusion and exclu-
sion criteria, serum markers may be affected by other
conditions, so the results should be treated cautiously.
Third, in our study, the median OS for EC patients
was only 25.600 months, significantly lower than the
100.100 months previously reported in Chinese rand-
omized trials [37]. The possible reasons are as follows:
first, the main follow-up endpoint of our study is five
years; however, in previous Chinese randomized trials,
the longest follow-up time can be more than 10 years;
second, in our study, we also included patients with
TNM stage III+1V, and patients with advanced stage
may have a poor prognosis. Fourth, to understand the

relationship between cancer patients and inflammation
due to the long course of the disease, it is necessary
to continuously monitor blood cell-derived indicators
and other inflammatory indicators in future studies.
Fifth, in this study, the cutoff values of the inflamma-
tory indicators were calculated according to the highest
Youden index of the ROC curves. The best cutoff values
of these indicators were also calculated through RCS
analyses. However, according to the results, the cutoff
values obtained by the two methods were not exactly
the same. Nevertheless, to date, there are no clear cut-
off values for determining the prognosis of EC patients
[38]. Therefore, in the future, we plan to explore
the best cutoff values and the underlying molecular
mechanisms.
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B PLR, CNMR, D LMR, E SlI, F NLPR, G AlISI, H SIRI and OS in the training cohort; I NLR, J PLR, KNMR, L LMR, M SIi, N NLPR, O AlSI, P SIRI and PFSin the
training cohort. (Unadjusted covariable)

Conclusion
LMR and AISI, which are easy to obtain and suitable for
clinical application, can be used as independent influenc-
ing factors to evaluate the inflammatory state and prog-
nosis of patients with EC. In addition, nomograms have
high clinical application value. They can intuitively pre-
dict the prognosis of patients with EC and help clinicians

formulate or adjust reasonable diagnosis and treatment

plans in a timely manner.
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