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Abstract

Purpose: Research on bone metastasis in esophageal cancer (EC) is relatively limited. Once bone metastasis occurs in patients,
their prognosis is poor, and it severely affects their quality of life. Currently, there is a lack of convenient tumor markers for early
identification of bone metastasis in EC. Our research aims to explore whether neutrophil-lymphocyte ratio (NLR) can predict
bone metastasis in patients with EC. Methods: Retrospective analysis of clinical indicators was performed on 604 patients with
EC. They were divided into groups based on whether or not there was bone metastasis, and the patients’ coagulation-related
tests, blood routine, tumor markers and other indicators were collected. The receiver operating characteristic curve (ROC)
were used to determine the predictive ability of parameters such as NLR for bone metastasis in EC, and univariate and multi-
variate logistic regression analyses were conducted to determine the impact of each indicator on bone metastasis. Using binary
logistic regression to obtain the predictive probability of NLR combined with tumor markers. Results: ROC curves analysis sug-
gested that the area under the curve (AUC) of the NLR was 0.681, with a sensitivity of 79.2% and a specificity of 52.6%, which can
be used as a predictive factor for bone metastasis in EC. Multivariate logistic regression analysis showed that high NLR (odds ratio
[OR]: 2.608, 95% confidence interval [Cl]: 1.395-4.874, P=0.003) can function as an independent risk factor for bone metastasis
in patients with EC. Additionally, high PT, high APTT, high FDP, high CEA, high CA724, low hemoglobin, and low platelet levels can
also predict bone metastasis in EC. When NLR was combined with tumor markers, the area under the curve was 0.760 (95% Cl:
0.713-0.807, P<0.001), significantly enhancing the predictability of bone metastasis in EC. Conclusion: NLR, as a convenient,
non-invasive, and cost-effective inflammatory indicator, could predict bone metastasis in EC. Combining NLR with tumor mark-
ers can significantly improve the diagnostic accuracy of bone metastasis in EC.
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metastasis. Currently, the main methods for screening bone metas-
tasis in clinical practice include PET-CT,* ECT,” and other
methods. However, due to the invasive and high cost of these
examinations, they result in higher economic burden and waste
of medical resources. Therefore, discovering a new, non-invasive,
and convenient tumor marker for indicating bone metastasis is
crucial for the early detection and treatment of bone metastasis.

Previous studies have shown that there is a close relationship
between inflammation and the occurrence and development of
tumors.®” Chronic inflammation plays an important role in the initia-
tion, promotion, malignant transformation, invasion, and metastasis of
cancer.® Neutrophils secrete various cytokines to promote tumor
development and formation of an immunosuppressive tumor micro-
environment.” As the type of granulocyte with the highest content
in human blood, neutrophils promote tumor progression and
immune evasion through various mechanisms. The MMP-9 released
by neutrophils infiltrating the tumor is the main source of MMP-9
highly induced angiogenesis in the tumor microenvironment.'®
Neutrophils can recruit macrophages and regulatory T cells by secret-
ing chemotactic factors such as CCL2 and CCL17, thus inhibiting
tumor growth.'' On the contrary, lymphocytes, especially cytotoxic
T lymphocytes, inhibit tumor growth by secreting a large quantity
of cytotoxic proteins and inflammatory factors, such as tumor necrosis
factor o (TNF-v), perforin, interferon gamma (IFN-y), granzyme A/B,
and various interleukins.'? The neutrophil-lymphocyte ratio (NLR), as
a cost-effective inflammatory index, is closely related to the prognosis
of cancer patients,'® but its role in diagnosing bone metastasis in EC
has not been studied. Therefore, we aim to investigate the diagnostic
effectiveness of NLR on bone metastasis in EC.

Methods

Patients

Retrospective data was collected from January 2019 to December
2022. The data was collected from electronic medical records.
Informed consent was obtained from all participants and/or their
legal guardians. All methods were carried out in accordance
with relevant guidelines and regulations. This study was approved
by the Ethics Committee in 2015 (approval number: 2015-046).
We recorded patients’ gender, age, prothrombin time (PT), pro-
thrombin ratio (PTR), international normalized ratio (INR),
APTT, thrombin time (TT), fibrinogen, D-dimer and fibrin degra-
dation products (FDP), CEA, CA199, CA724, erythrocyte, hemo-
globin, leukocyte, neutrophil, lymphocyte, monocyte and platelet.

Inclusion and Exclusion Criteria

Inclusion criteria: diagnosed with EC or bone metastasis of EC
through pathological or imaging examination.

Exclusion criteria: (1) Patients with thrombotic disease, active
bleeding, or coagulation dysfunction may receive anticoagulant
or antiplatelet therapy; (2) Patients with a history of other tumors;
(3) Patients with other severe organic diseases; (4) Laboratory
examination data are incomplete; (5) Infection; (6) History of
blood transfusion or hematological disease in the last three months.

Of the 727 consecutive patients, 53 patients had no pre-
treatment hematological tests, 20 patients had a recent history
of blood transfusion, 34 patients had a combination of serious
infections on admission, and 16 patients had a history of
other tumors, and ultimately 604 patients with a first diagnosis
of EC were enrolled in this study.

All data were collected before any treatment was received.

Test Methods

Blood samples were collected and immediately analyzed for
hematological parameters using a hematology analyzer (The
Sysmex HST302 Automatic assembly line for hematology anal-
ysis, Sysmex Shanghai Ltd, China). Coagulation parameters
were tested using an automated hemagglutination instrument
(STA Compact Max, Stago, China). Tumor markers were mea-
sured using Roche kits (Roche, Roche R&D (China) Co., LTD).

Statistical Analysis

The data is divided into a control group and a metastasis group
based on whether EC has metastasized, and ROC curves are
used to determine the ability of NLR and other parameters to
predict bone metastasis in EC. The Youden index is used to
obtain the optimal cutoff value for each parameter. Univariate
logistic regression is conducted for each parameter, and param-
eters with P<0.05 are included in the multivariate analysis to
determine the independent risk factors for bone metastasis in
EC. Statistical analysis and data visualization were conducted
by SPSS statistics (Version 22.0. Armonk, NY: IBM Corp).
A two-tailed P<0.05 was considered statistically significant.

Results

Characteristics of Patients with EC

604 patients (447 males and 157 females) were enrolled in this
study. The median age was 59 years (range 51-67). The tumor
markers of the metastasis group (CEA, CA199, and CA724)
have significantly higher than those of the non-metastasis
group; Coagulation-related indicators (PT, PTR, INR, APTT,
FIB, D-dimer, FDP, except for TT) were all higher in the metas-
tasis group than in the non- metastasis group; Besides, absolute
neutrophil count increased and absolute lymphocyte count
decreased, leading to a significant increase in NLR. (Table 1).

NLR can Better Predict Bone Metastasis in EC Patients

The ROC curve was used to predict the diagnostic effectiveness
of NLR in diagnosing bone metastasis in EC patients. The best
cut-off values (sensitivity, specificity, and Youden index) for
CEA were 3.4 (70.3%, 66.1%, and 0.364), CA199 was 16.91
(56.3%, 73.9%, and 0.302), CA724 was 7.79 (48.0%, 79.4%,
and 0.274), Neutrophil was 4.23 (47.0%, 76.0%, and 0.230),
Lymphocyte was 1.425 (55.6%, 63.1%, and 0.187), and NLR
was 2.043 (79.2%, 52.6%, and 0.318). The AUC for predicting
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Table 1. Baseline Data for Patients.

Overall Non-metastasis Metastasis

Characteristic (N=604) (N=397) (N=207) P value
Male, no. (%) 447(74%) 297(74.8) 150(72.5) 0.532

Age, year 59(51-67) 60.5(51.25-67) 58(50-67) 0.124

PT, second 13.1(12.5-13.7) 12.8(12.3-13.4) 13.5(12.95-14.3) <0.001
PTR 1.04(0.99-1.09) 1.03(0.98-1.08) 1.06(1.02-1.12) <0.001
INR 1.04(0.99-1.1) 1.03(0.98-1.08) 1.07(1.01-1.13) <0.001
APTT, second 34.6(31.4-37.8) 33.5(30.9-36.6) 36(33.3-39) <0.001
TT, second 16.3(15.63-17) 16.4(15.8-17) 16(15.3-16.65) <0.001
FIB, g/l 3.26(2.71-4.07) 3.18(2.61-3.81) 3.6(2.93-4.54) <0.001
D-dimer, mg/1 0.7(0.2-1.99) 0.5(0-1.05) 1.7(0.6-5.5) <0.001
FDP, mg/1 1.5(0.8-4.03) 1.1(0.7-2.2) 4(1.4-15.2) <0.001
CEA, ng/ml 3.29(1.58-12.29) 2.4(1.32-4.73) 5.15(2.65-38.23) <0.001
CA199, U/ml 11.5(5.98-35.57) 9.58(4.96-18.37) 22.62(9.64-110.58) <0.001
CA724, U/ml 3.11(1.58-10.5) 2.46(1.54-6.69) 6.78(2-18.86) <0.001
Erythrocyte, 10"12/1 4.15(3.67-4.57) 4.23(3.73-4.67) 4(3.5-4.38) <0.001
Hemoglobin, g/l 124(106-139) 127(108-141.75) 119(103-133) <0.001
Platelet, 1079/1 200(152-257) 206.5(164-260) 182(140-238) <0.001
Leukocyte, 10"9/1 5.61(4.48-7.01) 5.455(4.31-6.77) 6.14(4.64-7.81) 0.001

Lymphocyte, 1079/1 1.42(1.1-1.86) 1.48(1.13-2) 1.31(1.03-1.64) <0.001
Monocyte, 10"9/1 0.42(0.31-0.54) 0.42(0.31-0.55) 0.4(0.3-0.53) 0.308

Neutrophil, 10"9/1 3.43(2.57-4.7) 3.15(2.38-4.16) 3.96(2.84-5.53) <0.001
NLR 2.29(1.52-3.8) 1.98(1.38-3.24) 2.96(2.11-4.7) <0.001

Data are shown as number of cases and percentage or median and interquartile range. CEA, carcinoembryonic antigen; CA199, carbohydrate antigen 199; CA724,
carbohydrate antigen 724; PT, prothrombin time; PTR, prothrombin ratio; INR, international normalized ratio; APTT, activated partial prothrombin time; TT,

thrombin time; FIB, fibrinogen; FDP, fibrin degradation products.

Table 2. Diagnostic Parameters at the maximum of Youden index for Bone Metastasis.

AUC 95% CI Cut-off Sen Spe Youden index P value
Age 0.538 0.489-0.587 59.5 0.533 0.575 0.108 0.124
PT 0.727 0.658-0.769 13.25 0.639 0.709 0.348 <0.001
PTR 0.618 0.570-0.665 1.015 0.751 0.423 0.174 <0.001
INR 0.624 0.576-0671 1.035 0.654 0.533 0.187 <0.001
APTT 0.666 0.621-0.710 34.65 0.673 0.592 0.266 <0.001
TT 0.609 0.562-0.657 15.95 0.706 0.483 0.189 <0.001
FIB 0.626 0.578-0.675 4.06 0.410 0.833 0.243 <0.001
D-dimer 0.749 0.708-0.791 1.03 0.660 0.747 0.407 <0.001
FDP 0.759 0.716-0.802 275 0.626 0.813 0.438 <0.001
CEA 0.694 0.645-0.744 3.4 0.703 0.661 0.364 <0.001
CA199 0.676 0.625-0.727 16.91 0.563 0.739 0.302 <0.001
CA724 0.629 0.569-0.688 7.79 0.480 0.794 0.274 <0.001
Erythrocyte 0.615 0.568-0.661 4.185 0.548 0.655 0.204 <0.001
Hemoglobin 0.589 0.543-0.635 1335 0.413 0.759 0.172 <0.001
Platelet 0.590 0.542-0.638 182.5 0.676 0.502 0.178 <0.001
Leukocyte 0.584 0.535-0.634 6.28 0.478 0.681 0.159 0.001
Lymphocyte 0.588 0.541-0.635 1.425 0.556 0.631 0.187 <0.001
Monocyte 0.525 0.476-0.575 0.415 0.532 0.557 0.089 0.308
Neutrophil 0.636 0.588-0.683 4.23 0.470 0.760 0.230 <0.001
NLR 0.681 0.637-0.725 2.043 0.792 0.526 0.318 <0.001
Prel 0.722 0.670-0.775 0.395 0.689 0.662 0.351 <0.001
Pre2 0.760 0.713-0.807 0.355 0.777 0.627 0.404 <0.001

AUC, area under receiver operating characteristics; CI, confidence interval; Sen, sensitivity; Spe, specificity. Prel prediction probability is obtained by combining
CEA and CA724 binary logistic regression, while Pre2 prediction probability is obtained by combining CEA, CA724, and NLR binary logistic regression. Using
DeLong’s test to compare the AUCs of Prel and Pre2, the result shows that P=0.0001, indicating a significant difference in the AUCs of Prel and Pre2.
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bone metastasis of CEA was 0.694 (95%CI: 0.645-0.744, P<
0.001), CA199 was 0.676 (95%CI: 0.625-0.727, P<0.001),
CA724 was 0.629 (95%CI: 0.569-0.688, P<0.001), Neutrophil
was 0.636 (95%CI: 0.588-0.683, P<0.001), Lymphocyte was
0.588 (95%CI: 0.541-0.635, P<0.001), NLR was 0.681 (95%
CI: 0.637-0.725, P<0.001). NLR and tumor markers have
similar diagnostic efficiency (Table 2, Figure 1, Supplementary
Fig. 1).

Additionally, through binary logistic regression, we obtained
the predictive probabilities of NLR combined with tumor
markers. Prel was obtained by combining CEA and CA724,
while Pre2 was obtained by combining CEA, CA724 and
NLR. The best cut-off values for Prel were 0.395 (sensitivity:
68.9%, specificity: 66.2%). The AUC for Prel was 0.722
(95%CI: 0.670-0.775, P<0.001). The best cut-off values for
Pre2 were 0.355 (sensitivity: 77.7%, specificity: 62.7%). The
AUC for Pre2 was 0.760 (95%CI: 0.713-0.807, P<0.001).
The AUCs of Prel and Pre2 showed a statistically significant
difference (P=0.0001), indicating that the combination of
NLR, CEA, and CE724 can significantly improve the diagnos-
tic efficiency of bone metastasis in EC. (Table 2, Figure 1)

NLR can be an Independent Risk Factor

We divided the clinical indicators into two groups - high and
low - based on the optimal cutoff value, and the results of the
multiple logistic regression showed: high NLR (OR: 2.608,
95%CI: 1.395-4.874, P =0.003) can serve as an independent
risk factor for bone metastasis in EC patients. In addition,
high PT (OR: 2.608, 95%CI: 1.427-4.764, P=0.002), high
APTT (OR: 2.183, 95%CI: 1.227-3.883, P=0.008), high
FDP (OR: 2.662, 95%CI: 1.446-4.903, P=0.002), high CEA
(OR: 1.854, 95%CI: 1.049-3.277, P=0.034), high CA724
(OR: 2.17, 95%CI: 1.152-4.088, P=0.016), low Hemoglobin
(OR: 0.323, 95%CI: 0.156-0.669, P=0.002), low Platelet
(OR: 0.499, 95%CI: 0.279-0.891, P=0.019) were also inde-
pendent risk factors for bone metastasis in EC patients
(Table 3, Figure 1).

Discussion

Compared to liver and lung metastasis, bone metastasis in EC is
less common.'* With the diversity of treatment options avail-
able, the overall survival of EC patients has gradually
increased.'> Additionally, due to the popularity of enhanced
CT, PET-CT, bone scans and other diagnostic methods, there
is an increasing number of patients with diagnosed EC bone
metastasis. When bone metastasis occurs, it can cause severe
bone pain, pathological fractures and other bone-related
events that significantly affect the patient’s quality of life, accel-
erating the progression of the disease.'® Therefore, early screen-
ing methods for bone metastasis in EC patients are particularly
important in extending patient survival and improving their
quality of life.

In this study, we evaluated 604 patients with EC, among
whom were 207 patients with bone metastasis. We found that
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Figure 1. ROC analysis for the prediction of bone metastasis. AUC
indicates the diagnostic power of (a) NLR, (b) PT, (c) APTT, (d) FDP,
(e) CEA, (f) CA724, (g) hemoglobin, (h) platelet, (i)Prel and Pre2, the
predicted probability obtained by combining NLR and tumor markers
through binary logistic regression.

NLR was able to predict bone metastasis in these patients
with higher diagnostic accuracy than tumor markers CA199
and CA724, and a similar level of accuracy as tumor marker
CEA. Combining NLR with tumor markers can significantly
improve the diagnosis of bone metastasis in patients with EC.
Since NLR is a non-invasive and cost-effective indicator, it
can assist medical practitioners in effectively screening for
bone metastasis in EC patients.

In recent years, an increasing number of studies have shown
that the systemic inflammatory status of cancer is closely
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Table 3. Univariate and Multivariate Binary Logistic Regression Analyses of Variables for Bone Metastasis.
Univariate analysis Multivariate analysis

Odds ratio 95% CI P value Odds ratio 95% CI P value
PT 431 3.012-6.167 <0.001 2.608 1.427-4.764 0.002
PTR 2212 1.521-3.216 <0.001 0.173
INR 2.154 1.519-3.054 <0.001 0.059
APTT 2.994 2.101-4.266 <0.001 2.183 1.227-3.883 0.008
TT 0.445 0.314-0.631 <0.001 0.246
FIB 3.461 2.357-5.08 <0.001 0.1
D-dimer 5.729 3.963-8.281 <0.001 0.87
FDP 7.249 4.955-10.604 <0.001 2.662 1.446-4.903 0.002
CEA 4.615 3.082-6.91 <0.001 1.854 1.049-3.277 0.034
CA199 3.643 2.439-5.44 <0.001 0.907
CA724 3.562 2.305-5.503 <0.001 2.17 1.152-4.088 0.016
Erythrocyte 0.433 0.305-0.616 <0.001 0.798
Hemoglobin 0.452 0.309-0.66 <0.001 0.323 0.156-0.669 0.002
Platelet 0.475 0.335-0.671 <0.001 0.499 0.279-0.891 0.019
Leukocyte 1.955 1.38-2.768 <0.001 0.844
Lymphocyte 0.467 0.33-0.662 <0.001 0.352
Neutrophil 2.805 1.956-4.024 <0.001 0.958
NLR 4221 2.848-6.258 <0.001 2.608 1.395-4.874 0.003

The reference of parameters is set to be less than their cutoff value, respectively.

related to the immune cells infiltrating the local tumor environ-
ment. Many cytokines and other inflammatory cells migrate to
the local tumor tissue through the bloodstream. They can
promote or inhibit the development of tumors by affecting the
local microenvironment of the tumor.'”'® This also indicates
that the number of inflammatory cells in a patient’s circulation
may indicate whether the patient has tumor metastasis and their
prognosis. As the neutrophil with the highest content in peripheral
blood, it promotes tumor progression through multiple mecha-
nisms.” The ROS produced by neutrophils can amplify cell
DNA damage when exposed to carcinogens, thereby promoting
tumor development.'® In the tumor microenvironment, the cross-
talk between neutrophils and tumor cells is very important for
tumor progression. Studies have found that neutrophils inhibit T
cell homing and anti-PD1 immunotherapy, and promote
epithelial-mesenchymal transition of lung cancer cells, increasing
the secretion of tumor CXCL2, which in turn promotes neutrophil
infiltration and maintains the immune-exclusion tumor microenvi-
ronment.?’ Furthermore, it has been proven that tumor-associated
neutrophils can promote extracellular matrix remodeling, trigger-
ing the release of growth factors such as alkaline fibroblast growth
factor and vascular endothelial growth factor, thereby promoting
angiogenesis and dissociation of tumor cells.'%?!

When combined with lymphocyte count reduction, the pre-
dictive role of tumor progression may be further enhanced.”
The progression of many malignant tumors is related to
impaired lymphocyte function and reduced lymphocyte
counts.”® In breast cancer, the absolute lymphocyte count grad-
ually decreases with the progression of metastatic breast cancer.
Monitoring changes in lymphocyte count in peripheral blood is
a potential indicator for predicting recurrence.”* In addition,
peripheral blood lymphocyte counts are significantly positively

correlated with Tumor-infiltrating lymphocytes infiltrating
tumor tissue locally. When the lymphocyte count in peripheral
blood of EC patients decreases, Tumor-infiltrating lymphocytes
significantly decrease as well, and the overall survival rate of
patients decreases, suggesting that systemic immune capacity
may affect the prognosis of patients through local immune
responses.”>

The mechanism underlying the association between high
NLR and bone metastasis in tumor patients is still poorly under-
stood. Due to the discovery that tumors often originate from
chronic inflammatory sites, the connection between cancer
and inflammation is gradually being emphasized.”® In some
cancers, long-term chronic inflammatory stimulation promotes
tissue carcinogenesis, while in other cancers, tumor infiltrating
inflammatory cells can promote angiogenesis, stimulate tumor
cell proliferation, and support cancer cell metastasis and
spread.?” Although further research is needed to explore the
complex mechanisms between cancer and circulating inflam-
mation, multiple studies have supported the close correlation
between high NLR and tumor metastasis.*>

In our study, we found that NLR >2.043 is an independent
predictor for bone metastasis in EC, with a sensitivity of
79.2% and a specificity of 52.6%. Many studies have explored
the impact of NLR on the metastasis and prognosis of EC, and
the optimal cutoff value varies from paper to paper. Zhiwei
Zheng et al*° found that NLR >2.20 is an independent predictor
for disease-free survival in resectable squamous cell carcinoma
patients. Fuyan Han et al*! found that pretreatment NLR > 1.88
is a reliable biological marker for diagnosing and predicting
prognosis of EC. Despite variations in patient characteristics
and optimal cutoff values of NLR in different reports, multiple
studies have shown that NLR can serve as an independent
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predictor for diagnosing EC metastasis and prognosis.*®!

However, previous studies have not yet combined NLR with
traditional tumor markers to further explore the predictive
value of combined markers for tumor metastasis. In our
study, we found that the diagnostic efficiency of combining
NLR with tumor markers (NLR, CEA, CA724) was signifi-
cantly higher than that of combining only tumor markers
(CEA, CA724) (P=0.0001). Therefore, when the critical
value is>2.043, we should be cautious about bone metastasis
in EC, especially the occurrence of micro metastasis, and
actively combine other biomarkers such as CEA and CA724
to detect bone metastasis in EC in the early stage.

The following limitations of our research should be taken into
consideration. Firstly, this is a retrospective study. In manually
entered data, we excluded data from incomplete laboratory tests,
patients with multiple types of cancer, and patients with severe
organic lesions, which may pose a risk of patient selection bias;
Secondly, as a single center study, although our research results
have certain limitations, all consecutive patients with EC who
visited our department during the above period were included in
the analysis and strictly followed the inclusion and exclusion cri-
teria, and our sample size is sufficient. Therefore, it is concluded
that NLR combined with tumor markers (CEA and CA724) has
predictive significance for bone metastasis in EC and could
guide clinical application. Finally, we included fewer factors in
our analysis, and should have further included the results of
patients” TNM stage, degree of differentiation, and so on, which
would have allowed us to understand whether the NLR is indica-
tive of the progressive state of EC and whether it gradually rises as
the tumor progresses. This study does not account for gender-
specific variations, which can affect diagnostic methods. Future
research should include gender-specific data to enhance the accu-
racy and applicability of the prognostic method.

Conclusion

Overall, our research found that NLR, as a convenient, non-
invasive, and cost-effective inflammatory indicator, could
predict bone metastasis in EC. Moreover, when NLR >2.043,
further examinations such as tumor markers and imaging exam-
ination should be combined to detect bone metastasis of EC as
early as possible.
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