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Abstract

Objective: To investigate the relationship between the neutrophil-to-lymphocyte ratio (NLR) of patients with non-small cell
lung cancer (NSCLC) and their risk of developing brain metastases after adjusting for confounding factors.

Methods: A retrospective observational study of the general data of patients with NSCLC diagnosed from January 2016 to
December 2020. Multivariate logistic regression was used to calculate the dominance ratio (OR) with 95% confidence interval
(ClI) for NLR and NSCLC brain metastases with subgroup analysis. Generalized summation models and smoothed curve fitting
were used to identify whether there was a nonlinear relationship between them.

Results: In all 3 models, NLR levels were positively correlated with NSCLC brain metastasis (model |: OR: 1.12,95% CI: 1.01-
[.23, P =.025; model 2: OR: 1.16, 95% CI: 1.04-1.29, P = .007; model 3: OR: 1.20, 95% CI: 1.05-1.37, P = .006). Stratified analysis
showed that this positive correlation was present in patients with adenocarcinoma (LUAD) and female patients (LUAD: OR:
1.30, 95% CI: 1.10-1.54, P = .002; female: OR: 1.52, 95% ClI: 1.05-2.20, P = .026), while there was no significant correlation in
patients with squamous carcinoma (LUSC) and male patients (LUSC: OR:0.76,95% Cl:0.38- 1.53, P = .443; male: OR:1.13, 95%
Cl:0.95-1.33, P = .159).

Conclusion: This study showed that elevated levels of NLR were independently associated with an increased risk of developing
brain metastases in patients with NSCLC, and that this correlation varied by TYPE and SEX, with a significant correlation in
female patients and patients with LUAD.
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Introduction

Lung cancer is one of the most common fatal tumors in the
world,! among which non-small cell lung cancer (NSCLC)
accounts for 85% of all lung cancers, and the main patho-
logical types (TYPE) are adenocarcinoma (LUAD) and
squamous carcinoma (LUSC). Most NSCLC patients have
metastatic disease, and brain metastasis is one of the most
common metastatic sites, accounting for 20%.> Some studies
have shown that patients with brain metastases from NSCLC
have a poor prognosis, and even with whole brain radio-
therapy, the overall survival of patients is only 3-6 months.’
Currently, there is no clinical method for early detection of
brain metastases in NSCLC, so finding a reliable and easily
accessible marker for early identification of patients most
likely to have brain metastases from NSCLC is important to
prolong the survival of patients.

Chronic inflammation has a promotional effect on the de-
velopment of tumors, either directly or indirectly through an-
giogenesis, cell proliferation, and metastasis, thus promoting
the progression of lung cancer.* Neutrophils are the most
abundant type of leukocytes in peripheral blood and play an
important role in the body’s defense system. A study by
Lehman et al.” pointed out that neutrophils play different roles
in the tumor microenvironment, and activated neutrophils can
both rely on cytotoxic effects to kill tumor cells and promote
tumor progression and metastasis by stimulating angiogenesis
and other pathways. Tumor-associated neutrophils (TANs) are
associated with the recurrence and prognosis of many tumors
and are negatively correlated with tumor prognosis and
survival.>’ Lymphocytes are the immune response cells of the
body, which can directly participate in the body’s anti-cancer
response and can inhibit the progression of malignant tumors by
stimulating anti-tumor immune activity, and treatment-related
lymphocytopenia is associated with poor prognosis of cancer.®
Tumors are able to produce a large number of cell adhesion
molecules (including integrin family and selectin family)
causing intercellular or cell-extracellular matrix contact and
binding, promoting lymphocyte extravasation, while chemo-
kines recruit lymphocytes to the site of inflammation and play
an important role in the immune response.” Hanahan et al.'®
showed that CD8" cytotoxic T lymphocytes (CTLs), CD4" Thl
helper T cells or NK cells with defective development or
function can lead to a significant increase in tumor incidence.

Neutrophil-to-lymphocyte ratio (NLR) is an indicator of
inflammation level that can be obtained from complete blood
counts. NLR reflects the balance of the body’s inflammatory
and immune responses, and its imbalance drives tumor pro-
gression and metastasis. When NLR is elevated, the neutrophil
count is relatively increased and the lymphocyte count is
relatively decreased, and the equilibrium is disrupted, thus
promoting tumor progression. Tomita et al.'' found in a
retrospective study of 284 patients with NSCLC that patients
with high NLR had a significantly lower 5-year overall sur-
vival compared to those with low NLR (47.06 vs 67.84%,

P <.0001). Although a large number of studies have
reported'>'* the role of NLR in the development of NSCLC,
studies on the relationship between NLR and NSCLC brain
metastasis are limited, and most of them did not consider the
effect of confounding factors, did not do further subgroup
analysis, and smooth curve fitting was also not done to explore
whether there is a nonlinear relationship between the 2. The
aim of this study was to investigate the relationship between
NLR levels and NSCLC brain metastasis and to adjust for
multiple potential confounding factors.

Methods

Study Population: A retrospective study was conducted on
NSCLC patients who attended the Cancer Hospital of Anhui
University of Science and Technology from January 2016 to
December 2021. Inclusion criteria: 1. Clear diagnosis of
NSCLC by histopathology or cytology and no previous
history of other malignant tumors; 2. Diagnostic criteria for
bone metastases: whole-body bone imaging was performed
and confirmed by CT or MRI with typical imaging mani-
festations of bone metastases; 3. Diagnostic criteria for brain
metastases: brain metastases were diagnosed by imaging (CT
or MRI); 4. Patients had not received any treatment (note:
radiotherapy, chemotherapy, targeted therapy, surgery, etc.)
within the previous 15 days at the time of laboratory data
collection. Exclusion criteria: 1. Those with incomplete
clinical information, including AGE, SEX, TYPE, T, and N
stage; 2. Pathological types other than LUAD and LUSC; 3.
Patients with >2 sites of metastasis. Finally, 210 NSCLC
patients were included, including 108 patients with non-
metastasis, 56 patients with brain metastasis, and 46 pa-
tients with bone metastasis. In this retrospective study, we
evaluated the study according to the principles of the Dec-
laration of Helsinki and received approval from the Ethics
Committee of Anhui University of Science and Technology
(approval number: 201916). We obtained verbal consent from
the patients themselves before collecting their information,
and the data were anonymized and the patients’ personal data
were protected. This study was reported in accordance with
the STROBE guidelines."’

Study Variables: A complete blood count was obtained on
admission, with NLR as neutrophil-to-lymphocyte ratio, PLR
as platelet-to-lymphocyte ratio, and LMR as lymphocyte-to-
monocyte ratio. Age, SEX, TYPE, T, and N stage were
considered as potential confounders and were adjusted in the
analytical model.

Statistical Analysis: Continuous and categorical variables
were expressed as mean + standard deviation and percentage,
respectively. Multivariate logistic regression was used to
establish a model to detect the correlation between NLR levels
and NSCLC brain metastasis. Model 1 does not adjust any
variables; Model 2 adjusts for SEX and AGE; Model 3 adjusts
for all potential confounders, including AGE, SEX, TYPE, T,
and N stage. Further subgroup analyses were performed to
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Table 1. Description of the Study Population.

Exposure No Metastasis Brain Metastasis Bone Metastasis P-Value
n=108 n=56 n=46
NLR (meantSD) 4.11+3.81 5.52+4.24 4.14+3.49 .005%*
PLR (meantSD) 186.22+108.46 213.31197.74 189.29+112.38 .088
LMR (meanxSD) 3.36%2.14 261%1.13 3.24£1.32 .059
Sex n (%) <.00 | *k*
Male 83 (76.85%) 29 (51.79%) 23 (50.00%)
Female 25 (23.15%) 27 (48.21%) 23 (50.00%)
Age n (%), years <.00 | ##*
<60 17 (15.74%) 26 (46.43%) 14 (30.43%)
>60 91 (84.26%) 30 (53.57%) 32 (69.57%)
TYPE n (%) <.00 | *e*
LUAD 59 (54.63%) 51 (91.07%) 36 (78.26%)
LUSC 49 (45.37%) 5 (8.93%) 10 (21.74%)
T stage n (%) <.00]%#¥*¢
0 I (:93%) 0 (.00%) 0 (.00%)
| 18 (16.67%) 12 (21.43%) 7 (15.22%)
2 45 (41.67%) 16 (28.57%) 9 (19.57%)
3 23 (21.30%) 20 (35.71%) 7 (15.22%)
4 21 (19.44%) 8 (14.29%) 23 (50.00%)
N Stage n (%) <.00 | #w*
0 36 (33.33%) 10 (17.86%) 3 (6.52%)
| Il (10.19%) 5 (8.93%) 9 (19.57%)
2 47 (43.52%) 18 (32.14%) 14 (30.43%)
3 14 (12.96%) 23 (41.07%) 20 (43.48%)

Note: NLR:neutrophils/lymphocytes; PLR:platelets/lymphocytes; LMR:lymphocytes/monocytes. *P < .05, ¥**P < .01, **P < .001.

investigate the relationship between the two in different
populations. A weighted generalized summation model and a
smoothed curve fitting method were used to explore the
nonlinear relationships. All analyses were performed using the
R package (version 3.4.3, http://www.Rproject.org) and
EmpowerStats software (http://www. empowerstats.com).
P<.05 was considered a statistically significant difference.

Results

Table 1 shows the demographic and laboratory data of the
participants. A total of 210 participants, including 108 patients
with NSCLC without metastases, 56 patients with NSCLC
brain metastases, and 46 patients with NSCLC bone metas-
tases. The differences in NLR, SEX, AGE, TYPE, T, and N
staging among the 3 groups were statistically significant (P <
.05). The NLR levels of patients in the 3 groups were compared,
and it was found that the NLR levels in the NSCLC un-
metastatic group were significantly different from those in the
NSCLC brain metastasis group (P < .01), while they were not
significantly different from those in the NSCLC bone metastasis
group (Figure 1). The results of univariate analysis (Table 2)
showed that SEX (P = .0013), AGE (P < .0001), TYPE (P <
.0001), N staging (P =.0003), NLR (P=.0407), and LMR (P =
.0189) were risk factors for NSCLC brain metastasis.

The results of multiple regression analysis are shown in
Table 3. In the unadjusted model, NLR was positively as-
sociated with brain metastasis in NSCLC (OR: 1.12, 95% CI:
1.01- 1.23, P=.025), and each unit increase in NLR increased
the risk of brain metastasis in NSCLC patients by 12%. After
adjusting for AGE and SEX in model 2, each unit increase in
NLR was associated with a 16% increased risk of brain
metastasis in NSCLC patients (OR: 1.16, 95% CI: 1.04-1.29,
P = .007). After adjusting for the confounders AGE, SEX,
TYPE, T, and N in model 3, each one-unit increase in NLR
was associated with a 20% increase in the risk of brain me-
tastasis in NSCLC patients (OR: 1.20, 95% CI: 1.05-1.37, P=
.006). After converting NLR from a continuous variable to a
categorical variable (tertile), high NLR levels were associated
with a significantly higher risk of brain metastases than pa-
tients with low NLR levels (P = .004), and this trend was
statistically significant (P = .004).

Subgroup analysis stratified by SEX (Table 4) showed that
in female patients, each unit increase in NLR was associated
with a 52% increased risk of brain metastases (OR: 1.52, 95%
CI: 1.05-2.20, P = .026), while in male patients there was no
significant correlation (OR: 1.13, 95% CI: .95-1.33, P=.159).
In the subgroup analysis stratified by TYPE (Table 4), this
positive association was significant in LUAD (OR: 1.30, 95%
CIL: 1.10-1.54, P = .002), with each unit increase in NLR
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Table 2. Univariate Analysis of Risk Factors for Brain Metastasis in

NSCLC.
Exposure OR 95% Cl P-value
Sex

Male Reference

Female 3.09 1.55-6.16 .00 3%+
Age (years)

<60 Reference

>60 22 .10-.45 <.000 | ##*
Type

LUAD Reference

LUSC 12 .04-.32 <.000 |
N Stage

0 Reference

| 1.64 46-5.82 4466

2 1.38 .57-3.35 4777

3 591 2.25-15.53 .0003%#*
T stage

0 Reference

| 1412119.98 .00- Inf .9872

2 753130.65 .00- Inf .9878

3 1841895.62 .00-Inf .9870

4 806925.7 .00-Inf 9877
LMR .78 .63-.96 .0189*
NLR 1.09 1.00-1.18 .0407*
PLR | 1.00-1.01 .1239

Note: NLR:neutrophils/lymphocytes; PLR:platelets/lymphocytes; LMR:lym-
phocytes/monocytes. *P < .05, **P < .0|, **P < .001.

associated with a 30% increased risk of brain metastases in
NSCLC patients. However this association was not statisti-
cally significant in LUSC (OR: .76, 95% CI: .38-1.53, P =
.443). The generalized summation model and smoothed curve
fitting further confirmed the positive association between NLR
and brain metastasis in NSCLC, as shown in Figures 2 and 3.

Discussion

The main objective of this study was to investigate the re-
lationship between NLR levels and brain metastasis in
NSCLC. The results of the study showed that elevated NLR
levels were significantly associated with NSCLC brain me-
tastasis after adjusting for potential risk factors for the de-
velopment of NSCLC brain metastasis (OR: 1.20, 95% CI:
1.05-1.37, P = .006). And further subgroup analysis showed
that this positive association was statistically significant in
patients with pathological type LUAD (OR: 1.30, 95% CI:
1.10-1.54, P=.002) and in female patients (OR: 1.52, 95% CI:
1.05-2.20, P = .026).

The occurrence of brain metastasis is a highly selective and
multi-step process. Stephen Paget proposed the “seed-soil”
theory in 1889, which suggested that tumor cells are the
“seeds” leading to metastasis, while the microenvironment of
metastatic organs is the “soil” leading to metastasis. The brain
microenvironment includes stromal cells such as astrocytes,
cytokines, vascular network, and some metabolic compo-
nents, which can both promote and inhibit the occurrence and
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Table 3. Relationship Between NLR Levels and Brain Metastasis of NSCLC.

Model 2, OR (95% ClI, P)

Model 3, OR (95% ClI, P)

Exposure Model |, OR (95% ClI, P)
NLR 1.12 (1.01, 1.23) .025%
NLR tertiles

Low Reference

Middle 1.79 (.76, 4.21) .18

High 3.20 (1.39, 7.39) .007**
P for trend 1.79 (1.18, 2.71) .006**

1.16 (1.04, 1.29) .007+*

Reference

2.85 (1.08, 7.51) .034*
4.77 (1.83, 12.44) .001**
2.15 (1.34, 3.43) .001**

1.20 (1.05, 1.37) .006**

Reference

2.50 (.85, 7.32) .095
4.87 (1.65, 14.33) .004**
2.19 (1.28, 3.75) .004*+*

Note: Model |:no covariates were adjusted; Model 2: AGE and SEX were adjusted; Model 3: AGE, SEX, TYPE, T and N were adjusted. *P <.05, *P < 0|, ¥**P <

.001.

Table 4. Subgroup Analysis of the Correlation Between NLR Levels and NSCLC Brain Metastasis.

Exposure Non-adjusted OR (95% ClI, P)

Adjust I, OR (95% ClI, P) Adjust Il, OR (95% ClI, P)

Stratified by sex

Male 1.06 (.94, 1.19) .343

Female 1.56 (1.14, 2.13) .006**
Stratified by age

<60 1.36 (.99, 1.86) .058

>60 1.10 (.98, 1.23) .091
Stratified by type

LUAD 1.26 (1.08, 1.47) .003**

LUSC .90 (.60, 1.33) .586

1.09 (.96, 1.23) .187
1.55 (111, 2.15) .009**

113 (.95, 1.33) .159
152 (1.05, 2.20) .026*

1.37 (.96, 1.96) .084
113 (1.00, 1.27) .044*

1.65 (.99, 2.74) .055
1.13 (.97, 1.31) .107

130 (I.11, 1.52) .00+
93 (.64, 1.37) .725

130 (1.10, 1.54) 002
76 (.38, 1.53) 443

Note: Model |:no covariates were adjusted; Model 2: AGE and SEX were adjusted; Model 3: AGE, SEX, TYPE, T and N were adjusted. In the subgroup analysis
stratified by SEX, AGE, TYPE, the model is not adjusted for the stratification variable itself. *P < .05, *P < .01, **P < .001.
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corresponding to each sample. B. Solid lines represent smoothed curve fits between variables, and the blue bars represent fitted 95%

confidence intervals. Adjusted for AGE, SEX, TYPE, T, and N stage.

development of brain metastasis.'®'® The blood—brain barrier
strictly controls the homeostasis of the internal environment of
the central nervous system, and the presence of its tight
junctions prevents most tumor cells from crossing the blood—
brain barrier, but a small proportion of tumor cells and stromal
cells accompanying tumor cells can destabilize the tight

junctions through human vascular endothelial growth factor
(VEGF) and matrix metalloproteinase (MMP), promoting the
occurrence of tumor brain metastasis.'*° Adequate blood
supply is necessary for the formation of metastases by tumor
cells crossing the blood-brain barrier, and tumor cells can
obtain blood supply in the brain through many different
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Figure 3. A. Relationship between NLR and NSCLC brain metastases, stratified by SEX. Adjustment for AGE, TYPE, T, N. B. Relationship
between NLR and NSCLC brain metastases, stratified by TYPE. Adjustment for SEX, AGE, T, N.

mechanisms, such as lung cancer cells through angiogenic
mechanisms.”'

Inflammation can serve as a potential biomarker, which can
also contribute to alterations in the tumor microenvironment
by altering the stromal cell renewal rate and the immuno-
suppressive capacity of polarized immune cells.*> Neutrophils
play a role in the distant metastasis of various malignancies,
and in a mouse model of breast cancer, neutrophil depletion
resulted in a significant reduction in lung and lymph node
metastasis, and neutrophil depletion reduced early but not late
multi-organ metastasis, suggesting that neutrophils promote
multi-organ metastasis in the early stages of the metastatic
cascade response. With neutrophil depletion, the CDS" T cell
effector phenotype was significantly enhanced, suggesting
that neutrophils are able to promote metastatic spread of
cancer cells by suppressing CD8" T cells.”* A study by Sung
Jin Huh et al.** found that the presence of neutrophils was able
to increase the number of melanoma cells retained in the lung,
and that metastatic melanoma cells in the lung secreted IL-8 to
attract neutrophils, which then interacted with melanoma cells
to promote shear-resistant retention within the pulmonary
circulation to enhance extravasation and subsequent devel-
opment of metastasis under flow conditions. The decrease in
lymphocytes may lead to a weakened immune response to
tumors, thus promoting tumor progression and metastasis.*’
Inflammatory metrics and immune metrics based on neutro-
phil and lymphocyte counts have been used to predict the
prognosis of various malignancies, including NSCLC. Ha H
et al.?® showed that low NLR was associated with better PES,
pre-treatment NLR was associated with poorer overall sur-
vival in non-small cell lung cancer, and post-treatment NLR
was associated with poorer survival and recurrence rates in
non-small cell lung cancer. This study showed that NLR levels
were positively correlated with the risk of developing brain
metastases in NSCLC patients (OR: 1.20, 95% CI: 1.05-1.37,
P =.006), and in further subgroup analysis, each unit increase

in NLR levels in LUAD patients was associated with a 30%
increase in the risk of developing brain metastases in NSCLC
patients. This may potentially be causally related to the fact
that neutrophil depletion reduces matrix metalloproteinase 9
(MMP9) expression and decreases damage to the blood-brain
barrier, and when NLR is elevated, neutrophils increase and
release MMP9, oxygen radicals and other inflammatory
mediators, which exacerbate blood—brain barrier damage and
further increase blood—brain barrier permeability.?’

Female patients are more likely to develop LUAD, and it
has been shown that gender is an independent prognostic
factor for brain metastases from lung cancer.”® In this study, a
subgroup analysis with SEX stratification showed that in
female patients, each unit increase in NLR was associated with
a 52% increased risk of brain metastases, while there was no
significant correlation in men. Similarly, it has been reported
that 17beta-Estradiol induces vasodilation to increase tumor
blood flow for brain metastasis by rapidly activating nitric
oxide synthase (eNOS) via Src kinase in human endothelial
cells and promoting nitric oxide (NO) release from endothelial
cells via PI3K/Akt pathway.”> On the other hand, estrogen can
reduce the permeability of the blood—brain barrier by directly
regulating the expression of the tight junction protein claudin-5.°
There may be a potential synergistic effect between the 3
factors of altered tumor blood flow and blood-brain barrier
permeability and brain metastatic lesions, resulting in mutual
effects that promote the metastasis of tumor cells, the
mechanisms of which may need to be explored in more basic
and clinical experiments.

Compared with previous studies, the strength of the present
study is that adjusting for more potential confounders (AGE,
SEX, TYPE, T, and N stage), it was able to show more clearly
the potential association between NLR and NSCLC brain
metastasis. Stratified analysis was also performed to explore
the correlation between NLR and NSCLC brain metastasis in
different populations, and smoothing curve fitting was
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performed. However, there are some limitations of our study:
1. This study is a retrospective study and some selection bias
may exist. 2. The findings need to be confirmed by prospective
studies in the future. 3. The possibility of bias caused by other
potential confounders that we did not adjust for remains.

Conclusion

Our findings suggest that elevated NLR levels are positively
associated with NSCLC brain metastasis and that this asso-
ciation varies by SEX and TYPE, with significant correlation
in female patients and LUAD patients. Our findings could
improve our understanding of the relationship between NLR
levels and NSCLC brain metastasis.
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