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Abstract Background High neutrophil-lymphocyte ratio (NLR) is associated with poor survival

in lung cancer. This study evaluates whether NLR is associated with baseline brain
metastasis in stage IV non-small cell lung cancer (NSCLC).
Methods Medical records of stage IV NSCLC patients treated at King Hussein Cancer
Center (Amman-Jordan) between 2006 and 2016 were reviewed. Patients with baseline
brain imaging and complete blood count (CBC) were included. Receiver operating
characteristic (ROC) curve was used to identify the optimal cutoff value for the
association between NLR and baseline brain metastasis. Association between age,
gender, location of the primary tumor, histology, and NLR was assessed using
univariate and multivariate logistic regression analyses.

Keywords Results A total of 722 stage IV NSCLC patients who had baseline brain imaging were

~ non-small cell included. Median age was 59 years. Baseline brain metastasis was present in 280

lung cancer patients (39.3%). Nine patients had inconclusive findings about brain metastasis. The

~ neutrophil- ROC curve value of 4.3 was the best fitting cutoff value for NLR association with

lymphocyte ratio baseline brain metastasis. NLR > 4.3 was present in 340 patients (48%). The multivari-

= brain metastasis ate analyses showed that high baseline NLR (> 4.3) was significantly associated with

~ stage IV higher odds of baseline brain metastasis (odds ratio [OR]: 1.6, 95% confidence interval
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[Cl]: 1.2-2.2; p=0.0042). Adenocarcinoma histology was also associated with baseline
brain metastasis (OR: 0.4, 95% Cl: 0.25-0.6; p=0.001).
Conclusion High NLR is associated with baseline brain metastasis in advanced-stage
NSCLC. In the era ofimmunotherapy and targeted therapies, whether high NLR predicts
response of brain metastasis to treatment is unknown.

Introduction

Metastatic brain tumor is the most common intracranial
cancer in adults. Lung cancer is one of the most frequent solid
tumors to metastasize to the brain." Approximately one-
third of non-small cell lung cancer (NSCLC) patients develop
brain metastasis throughout their disease course.>3 Despite
all recent advances in the management of brain metastasis,
the prognosis remains grim.*

Although inflammation has been linked to the carcino-
genesis process, metastasis and survival outcomes in can-
cer,>® a definitive relationship between inflammation and
brain metastasis is lacking. Neutrophil-lymphocyte ratio
(NLR), absolute neutrophil count (ANC), and absolute lym-
phocyte count (ALC) were found to have a negative impact on
the survival outcomes in various tumors including
NSCLC.”""" One study showed that high NLR is an indepen-
dent predictive factor of baseline presence and subsequent
development of brain metastasis in stage IV NSCLC.'?> How-
ever, that study included only 260 patients and the results
were likely limited by the patient population comprised of
only Korean lung cancer patients historically known to have
higher rates of epidermal growth factor receptor (EGFR)
mutations.

Various explanations have been postulated to describe
the relationship between inflammation and metastasis.
High neutrophil count resulting in high NLR is thought to
promote metastasis via releasing certain growth factors
such as vascular endothelial growth factor and other
proteases.13 Alternatively, the lymphocytes have an essen-
tial role in eliminating tumor cells by inducing cytotoxic
cell death and inhibiting tumor cell proliferation and
migration, which may explain the association of low ALC
with poor outcomes in cancer.'*'® Another potential
explanation might include the relationship between high
neutrophils and the myeloid-derived suppressor cells,
which was shown to suppress the activity of T cells in
lung cancer.'®

In this retrospective study, we aim to further identify the
relationship between inflammatory indices, such as NLR,
and baseline brain metastasis in stage IV NSCLC. This
association could potentially have significant implications
on management of NSCLC. Do stage IV NSCLC patients with
high NLR need more frequent surveillance brain imaging?
Do they benefit from prophylactic cranial irradiation? Do
they respond better to brain radiation? And importantly,
are tyrosine kinase inhibitors (TKIs) and immunotherapies
more effective in treating brain metastasis when NLR is
high?
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Methods

This is a retrospective chart review study approved by the
Institutional Review Board office at King Hussein Cancer
Center in 2017. The study included 722 patients with stage IV
NSCLC who had baseline brain imaging. The clinical data
including age, gender, histology, the location of primary
tumor, and presence of baseline brain metastasis were
collected and summarized in =Table 1. Patients were ex-
cluded if they had no baseline brain imaging or if they were
on steroids before obtaining baseline complete blood count
(CBCQ). Using steroids was expected to confound the results of
the study as it is known to cause leukocytosis'’ and espe-
cially neutrophilia.’® The reports of magnetic resonance

Table 1 Characteristic of stage IV non-small cell lung cancer
patients

Patients features No. of patients (%)
n= 722
Age >59 342 (47.4)
Age <59 380 (52.6)
Male 568 (78.7)
Female 154 (21.3
Location
Upper 323 (44.7)
Middle 24 (3.3)
Lower 183 (25.3)
Others 192 (26.6)
Histology
Adenocarcinoma others 533 (73.8)
Squamous cell carcinoma 151 (20.9)
Others 38 (5.3)
Baseline brain metastases
Yes 280 (39.3)
No 433 (60.7)
Inconclusive 9 (1)
Baseline liver metastases
Yes 325 (45)
No 397 (55)
Baseline bone metastases
Yes 245 (34)
No 477 (66)
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imaging and/or computed tomography reviewed to detect
brain metastasis.

CBCs with differential white cell count were collected
before initiation of any cancer-specific treatment (systemic
treatment or radiation). The pretreatment baseline NLR,
monocyte-lymphocyte ratio (MLR), and platelet-lympho-
cyte ratio (PLR) were calculated using the following formu-
las: NLR = ANC/ALC, MLR= absolute monocyte count (AMC)/
ALC, and PLR = platelet count/ALC.

The ROC curve was used to determine the optimal cutoff
value for NLR association with baseline brain metastasis,
matching the most extreme joint sensitivity and specificity.
Associations between NLR, age, gender, histological subtype,
and location of the primary tumor with the presence of
baseline brain metastasis were examined. Univariate and
multivariate logistic regression analyses were used to test
the association between the various variables and baseline
brain metastasis.

Our analysis proceeded in stepwise approach. In the first
phase, we examined the association between baseline NLR
and brain metastasis. In the second phase, we examined the
association between other inflammatory indices including
ANC, ALC, AMC, MLR, and PLR and baseline brain metastasis.
In the third phase, we examined the association between
baseline brain metastasis and clinical variables that included
age, gender, location of the primary tumor, and histological
subtype. In the last phase, we performed a multivariate
analysis that included the collected variables (age, gender,
location of the primary tumor, and histologic subtype) and
NLR as a continuous variable, to clarify any relationship with
baseline brain metastasis.

Statistical Analysis
Categorical data were reported as counts and percentages,
whereas continuous data were reported as mean + standard
deviation or median (range). Comparisons between baseline
brain metastasis and categorical disease characteristics were
held using chi-squared test or Fisher’s exact test as appropriate

ROC curve and area under the curve (AUC) were used to
determine the cutoff value for NLR that predicts baseline
brain metastasis. Same was done to the ANC and ALC.
Multivariate analysis was done using logistic regression
modeling. Adjusted and unadjusted odds ratios (ORs) and
their corresponding 95% confidence intervals (CIs) were
reported.

A significance criterion of p<0.05 was used in the analy-
ses. All analyses were performed using SAS version 9.4 (SAS
Institute Inc., Cary, North Carolina, United States).

Results

The clinical characteristics of 722 stage IV NSCLC patients
were summarized in ~Table 1. The majority of the patients
were males (568; 78.7%). The median age at time of diagnosis
was 59 years. The most common histology was adenocarci-
noma consisting of 533 cases (73.8%), while 151 cases (20.9%)
had squamous cell carcinoma and 38 cases (5.3%) had other
histologic subtypes. Baseline brain metastasis was present in
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39.3% of the patients, while 45 and 34% of the patients had
baseline liver and bone metastasis, respectively. Nine
patients had inconclusive findings about brain metastasis.
The mean baseline NLR was 5.7, and the median was 4.2. The
optimal NLR cutoff value associated with baseline brain
metastasis was 4.3 using the ROC curve where the AUC
was 0.5709 (~Fig. 1).

The relationship between the various inflammatory indi-
ces and baseline brain metastasis is shown in =Table 2.
Patients with high baseline NLR (>4.3) were more likely to
have baseline brain metastasis comparing to patients with
low baseline NLR (< 4.3), (p-value 0.011). High baseline ANC
(>8400) and low ALC (< 1,700) were associated with sta-
tistically higher risk of baseline brain metastasis (p-values:
0.014 and 0.023, respectively). The ROC curve was utilized to
determine which inflammatory index (NLR, ANC, or ALC) is
the best variable associated with baseline brain metastasis as
shown in = Fig. 2. The curve showed that NLR has the highest
AUC followed by ANC then ALC. So, NLR was the only
inflammatory variable included in the subsequent multivar-
iate analysis. AMC, MLR, and PLR were not significantly
associated with baseline brain metastasis (data not shown).

The results of univariate and multivariate logistic regres-
sion analyses exploring the association of the clinical vari-
ables (including NLR) with baseline brain metastasis were
summarized in = Table 3. Patients with adenocarcinoma had
more baseline brain metastasis compared with patients with
squamous cell carcinoma or other histologic subtypes, (p-
value 0.001). Younger patients (<59 years) had more brain
metastasis (p-value 0.024). Gender and location of the pri-
mary tumor were not associated with baseline brain metas-
tasis in the univariate analysis (p-values =0.900 and 0.390,
respectively). Although gender and location of the primary
tumor were not associated with baseline brain metastasis in
the univariate analysis, we included them in the multivariate
analysis because of their clinical relevance. In the multivari-
ate analysis, lung adenocarcinoma and NLR were significant-
ly associated with baseline brain metastasis (p-
value < 0.0001 and 0.0042, respectively). The other factors
(age, gender, and location of the primary tumor) were not
associated with baseline brain metastasis (p-values = 0.0502,
0.700, and 0.640, respectively).

Discussion

In this study, elevated baseline NLR (> 4.3) was an indepen-
dent factor associated with higher odds of baseline brain
metastasis in stage IV NSCLC (OR: 1.6, 95% CI: 1.2-2.2;
p=0.0042) (=Table 3). To our knowledge, this is the largest
study showing association between higher levels of NLR and
presence of baseline brain metastasis in stage IV NSCLC.
The brain is one of the most common sites for lung cancer
metastasis.’> Using simple tests such as CBC and differential
white cell count to predict presence of baseline brain metas-
tasis, and potentially assessing the likelihood of subsequent
development of brain metastasis, could have an important
impact on NSCLC management. Surveillance for brain me-
tastasis through more frequent brain imaging and
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Fig. 1 Receiver operating characteristic (ROC) curve and area under
the curve for neutrophil-lymphocyte ratio cutoff point for association
with baseline brain metastases in stage IV non-small cell lung cancer
patients.

consideration for prophylactic cranial irradiation in NSCLC
patients'® with high NLR could be an attractive area for
future research.

Treatment of brain metastasis in NSCLC includes radia-
tion, TKIs, and rarely surgery. Although NLR was shown to
predict response to immunotherapy in stage IV NSCLC,20
whether NLR correlates with brain metastasis response to
treatment is unknown. Whole brain radiation or stereotactic
radiosurgery is the most commonly used approach to treat
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Fig. 2 Receiver operating characteristic (ROC) curve of neutrophil-
lymphocyte ratio (NLR), absolute neutrophil count (ANC), and abso-
lute lymphocyte count (ALC) for predicting brain metastases.

brain metastasis. Recently, new-generation EGFR and ALK
TKIs are showing promising results in treating brain metas-
tasis in small subsets of genetically driven NSCLC
patients.m'22 New reports are also showing responses and
prolonged control of brain metastasis in NSCLC patients
receiving immunotherapy.>> A major advancement in the
management of stage IV NSCLC will be achieved if NLR is
confirmed to be a predictor of brain metastasis response to
immunotherapy or other available treatments, given the
dramatic progress in the immunotherapy field nowadays.?*

Table 2 The association between hematologic indices with the baseline presence of brain metastases

Baseline brain metastases

Present (n= 280) Absent (n= 433) p-Value
Baseline ANC>8400 122 (43.6%) 149 (34.4%) 0.014
Baseline ANC < 8400 158 (56.4%) 284 (65.6%)
Baseline ALC>1700 125 (44.6%) 232 (53.6%) 0.023
Baseline ALC < 1700 155 (55.4%) 201 (46.4%)
Baseline AMC>700 138 (49.3%) 223 (51.5%) 0.560
Baseline AMC < 700 142 (50.7%) 210 (48.5%)
Baseline NLR>4.3 150 (53.6%) 190 (43.9%) 0.011
Baseline NLR < 4.3 130 (46.4%) 243 (56.1%)
Baseline MLR>0.4 149 (53.2%) 232 (53.6%) 0.920
Baseline MLR < 0.4 131 (46.8%) 201 (46.4%)
Baseline PLR>0.2 142 (50.7%) 214 (49.4%) 0.730
Baseline PLR < 0.2 138 (49.3%) 219 (50.6%)

Abbreviations: ALC, absolute lymphocyte count; AMC, absolute monocyte count; ANC, absolute neutrophil count; NLR, neutrophil-lymphocyte

ratio; MLR, monocyte-lymphocyte ratio; PLR, platelet-lymphocyte ratio.
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Table 3 Univariate and multivariate analysis for the association of different variables with the presence of baseline brain

metastases
Baseline brain metastases Univariate Multivariate
Variables Present Absent p-Value OR (95% Cl) p-Value OR (95% Cl)
(n= 280) (n= 433)
Age 0.024 0.0502
Age > 59 118 (42.1%) 220 (50.8%) 1.4 (1.0-1.9) 1.4 (1.0-1.9)
Age<59 162 (57.9%) | 213 (49.2%)
Gender 0.900 0.700
Female 60 (21.4%) 91 (21.0%) 0.97 (0.7-1.4) 1.0 (0.72-1.56)
Male 220 (78.6%) | 342 (79.0%)
Location 0.390 0.640
Upper 126 (45.0%) | 195 (45.0%) 1.09 (0.74-1.6) 1.0 (0.74-1.6)
Middle 6 (2.1%) 17 (3.9%)
Lower 67 (23.9%) 113 (26.1%)
Others 81 (28.9%) 108 (24.9%)
Histology 0.001 0.0001
Adenocarcinoma 234 (83.6%) | 292 (67.4%) 0.4 (0.3-0.6) 0.4 (0.25-0.6)
Squamous cell carcinoma 36 (12.9%) 113 (26.1%)
Others 10 (3.6%) 28 (6.5%)
Baseline NLR 0.011 0.0042
NLR > 4.3 150 (53.6%) | 190 (43.9%) 1.5 (1.1-1.99) 1.6 (1.2-2.2)
NLR<4.3 130 (46.4%) | 243 (56.1%)

Abbreviations: Cl, confidence interval; NLR, neutrophil-lymphocyte ratio; OR, odds ratio.

Limitations of this study include the retrospective nature of
the data collected with all cases coming from one cancer center,
unknown EGFR or ALK status, and no data on survival metrics.

Conclusion

Elevated baseline NLR might be associated with baseline brain
metastasis in stage IV NSCLC. This inflammatory-brain metas-
tasis association is worthy of further studying in prospective
trials, and might be used as a stratification tool to assess the
need for more frequent brain surveillance imaging, and con-
sideration of prophylactic cranial irradiation in stage IV NSCLC
with high NLR. It is unknown if high NLR is predictive of brain
metastasis response to treatments such as immunotherapy
that is also an important area for future research.
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