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Background: Neutrophil-lymphocyte ratio (NLR) has been associated with mortality in several disease
sites. We hypothesized that NLR is associated with inferior outcomes in localized non-small cell lung can-
cer (NSCLC) treated with stereotactic body radiotherapy (SBRT).
Methods: We evaluated the association of pre-treatment NLR, obtained within 6 months of starting SBRT,
with overall survival, as well as primary tumor, regional, and distant recurrence. Multivariate Cox regres-
sion was then used to assess pre-treatment NLR as a predictor of mortality. We validated our findings in
an independent cohort of patients treated at two other institutions. In a secondary analysis, we also eval-
uated the association of post-treatment NLR with mortality in the training cohort.
Results: A total of 156 patients and 166 tumors were included in the training cohort with a median
follow-up of 13.4 months. After dichotomization by median, NLR > 3.6 was associated with mortality
on univariate (p =0.010) and multivariate analysis (p = 0.023). In the validation cohort, NLR > 3.6 was
similarly associated with mortality on univariate (p = 0.031) and multivariate (p = 0.007) analysis. In a
secondary analysis in the training cohort, we found post-treatment NLR was significantly increased com-
pared to pre-treatment NLR (p <0.001) and associated with mortality on univariate analysis (p = 0.005)
and multivariate analysis (p = 0.010).
Conclusions: Pre-treatment NLR > 3.6 is associated with mortality in patients treated with SBRT. This
finding was validated in an independent cohort of patients treated at two other institutions.
Additionally, post-treatment NLR was significantly increased from pre-treatment and associated with
overall survival.

© 2019 Elsevier B.V. All rights reserved. Radiotherapy and Oncology 134 (2019) 151-157
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Non-small cell lung cancer (NSCLC) is a leading cause of cancer-
related death worldwide. About 16% of cases are considered early
stage at the time of diagnosis [1]. With the recent implementation
of the U.S. Preventative Services Task Force (USPSTF) Lung Cancer
Screening Guidelines, more cases of NSCLC will likely be detected
at an earlier stage [2]. The primary treatment for early-stage NSCLC
is surgical resection. However, in patients with unfavorable charac-
teristics such as poor performance status, inadequate pulmonary
function, or multiple medical co-morbidities, stereotactic body
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radiotherapy (SBRT) provides a promising alternative. Although
there are no completed randomized trials, many retrospective
studies have demonstrated comparable clinical success following
SBRT, with local tumor control reported to be above 90% at 2-
5 years following treatment [3-4]. Nevertheless, in the group of
inoperable patients for whom SBRT is commonly prescribed, over-
all survival is still poor [3].

There are many well-described tumor-, treatment-, and host-
related prognostic biomarkers for NSCLC. Examples of tumor-
and treatment-factors include TNM stage [5], histology [6], and
biologically effective dose of radiation [7]. Host-related factors
such as age [8], Eastern Cooperative Oncology Group (ECOG) per-
formance status, and smoking status [9] provide additional data
in forecasting prognosis. In this select population of patients
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treated with SBRT, patients are generally characterized by early-
stage disease burden and unfavorable host characteristics that pre-
clude surgery. Therefore, there is a need to identify additional
prognostic markers in this population to optimize risk stratifica-
tion and guide management decisions.

Neutrophil-lymphocyte ratio (NLR) is an emerging biomarker of
interest for several malignancies, and is readily assessed from a
serum complete blood count (CBC) with differential. Elevated
pre-treatment NLR has been associated with poor outcomes in
many cancers, with the highest significance in mesothelioma fol-
lowed by pancreatic, renal cell carcinoma and colorectal cancer
[10]. Multiple studies have also investigated and supported the
prognostic utility of NLR in NSCLC treated with surgery or
chemotherapy [11-13]. Recent studies have suggested a prognostic
role of NLR in the setting of lung SBRT [14-17]. None of these stud-
ies, however, demonstrated statistical significance of a clinically
meaningful cutoff value of NLR when adjusting for covariates,
which is likely a function of the relatively smaller sample size of
patients with available CBC data. In addition, none of these studies
rigorously validated their findings and statistical cut-point using
an independent cohort of patients. Because these limitations
undermine the clinical utility of such findings, we sought to evalu-
ate the association of NLR with survival and validate our findings
multi-institutionally, while accounting for clinically relevant vari-
ables. Finally, we evaluated the changes in NLR after SBRT and
investigated the role of post-treatment NLR in prognosticating clin-
ical outcomes, which has not been previously explored.

Materials and methods

Patient selection

This study was an Institutional Review Board (IRB)-approved
chart review of patients with localized NSCLC treated at The Ohio
State University James Cancer Hospital. Patient data including
demographics, staging, pathology, and serum laboratory values
were extracted from the electronic medical record. Inclusion crite-
ria consisted of (1) histologically confirmed, localized NSCLC, (2)
NOMO disease, (3) considered medically inoperable or patient
refused surgery, (4) treatment with SBRT to a biologically effective
dose (BEDgy10) > 100 Gy. We included patients treated with up to 8
fractions due to the institutional use of hypofractionated radio-
therapy for central tumors [18]. Additionally, we included a few
(n=6) patients with T3 or T4 tumors due to multifocal tumors
attributed to the same primary. We validated our findings in a
cohort of patients treated at Massachusetts General Hospital and
Rutgers Cancer Institute of New Jersey using the same inclusion
criteria, under IRB approval at these institutions. Since routine
CBCs were not performed prior to SBRT, we initially analyzed all
patients with an available CBC with differential within 6 months
prior to starting treatment. To limit the potential variability of
the NLR-to-treatment interval, a subset analysis was performed
for patients with available NLR within 3 months prior to starting
treatment. Similarly, in the analysis of post-treatment NLR, all
patients had an available CBC with differential within 6 months
after completion of treatment, and a subset analysis was per-
formed of patients within 2 months of starting treatment.

Staging and treatment

Tumors were staged according to the American Joint Committee
on Cancer (AJCC) guidelines, 7th edition [19]. Clinical staging
included positron emission tomography (PET) and EBUS or CT-
guided biopsy and/or mediastinal staging.

For treatment planning, free-breathing and four-dimensional
(4D) computed tomography (CT) simulation scans with or without

contrast were performed at all institutions. The gross tumor vol-
ume (GTV) was contoured on the free-breathing scan or 50% phase
of the 4D-CT scan. Both the internal target volumes (ITV) and plan-
ning target volumes (PTV) were generated from the 4D scan. A 5-
mm expansion from the ITV was typically used to produce the
PTV. Standard maximum dose constraints from multi-
institutional protocols were respected for organs at risk (OARs)
[3-4,20]. Patients received post-treatment imaging with either
CT or PET at 2-3 months to evaluate response. There were subse-
quent follow-up visits every 3-6 months for the first two years
and then every 6 months thereafter.

Statistical analysis

Pre-treatment NLR, calculated as the division of absolute neu-
trophil count (ANC) by the absolute lymphocyte count (ALC), was
derived from the most recent CBC with differential within six
months prior to starting SBRT. Post-treatment NLR was obtained
from a CBC drawn one to six months after treatment. Patients were
dichotomized by the median pre-treatment NLR value. Patient
characteristics for those patients with NLR above- and below-
the-median were compared using Fisher’s exact test and Wil-
coxon’s rank sum test for categorical and continuous variables,
respectively. The difference between pre- and post-NLR was com-
pared using Wilcoxon’s sign rank test.

The primary outcome was overall survival (OS), calculated from
the date of last SBRT treatment to the most recent follow-up or
date of death. Secondary outcomes included time to primary
tumor, regional, and distant failure. Primary tumor failure was
defined as failure at the site of the treated tumor as determined
by PET scan, biopsy, and/or consensus of a multidisciplinary tumor
board. Regional nodal failure was defined as recurrence in the
regional nodes including the mediastinal and hilar basins. Distant
failure was defined as recurrence at sites other than the treated
lobe and regional nodes.

Log-rank and cox regression were used to evaluate the associa-
tion between NLR and clinical outcomes. Kaplan-Meier curves
were generated for overall survival, primary tumor failure, regional
nodal failure, and distant metastasis. Cox regression multivariate
analysis was performed including age, gender, T stage, histology,
ECOG performance status, Charlson Comorbidity Index, smoking
and BEDgy1 as covariates. Comorbidity scores were unavailable
for the validation cohort. Hazard ratios (HR) and 95% confidence
intervals (CI) were reported. Hypothesis tests were two-sided, with
a significance threshold of P < 0.05. Data analysis was performed
using SAS (version 9.4, SAS Institute Inc., Cary, NC).

Results

Pre-treatment NLR as a prognostic biomarker

Data from 156 patients and a total of 166 treated tumors trea-
ted at The Ohio State University James Cancer Hospital were ana-
lyzed with a median post-treatment follow-up time of
13.4 months (Table 1). Eighty-nine patients were male (57%) and
67 were female (43%), with a median age of 72 (range 51-92).
The majority of treated tumors were T1 (n =115, 69.3%) followed
by T2 (n=37, 35.8%), and T3 (n=6, 3.6%) and T4 (n=38, 4.8%).
The median total dose, dose-per-fraction, number of fractions,
and BEDgy 0 of treatment were 50 Gy (range 45-60 Gy), 12 Gy
(range 7.5-18.7 Gy), 5 fractions (range 3-8), and 105.6 Gy (range
100-160.5 Gy), respectively.

The median overall survival time of the entire cohort was
32.9 months (95% CI 24.3, upper bound not reached). The median
NLR of the cohort was 3.6 (range 0.2-41.8), obtained at a median
of 1.6 months (range 0.1-5.6) before starting SBRT. The median
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Table 1
Baseline patient, treatment, and tumor characteristics of the training cohort, stratified by NLR < 3.6 and NLR > 3.6 groups.
Variable All Patients NLR < 3.6 NLR > 3.6 P value'
(N=156) (N=82) (N=74)
Pretreatment NLR
Median (range) 3.60 (0.2, 41.8) 24 (2.0, 3.0) 5.4 (4.3, 8.7) <.0001
Age
Median (range) 72 years (51, 92) 2 (65.75, 77.25) 70 (65.75, 77.25) 0.859
Gender
Male 9 (57%) 46 (56.1%) 43 (58.1%) 0.87
Female 67 (43%) 36 (43.9%) 31 (41.9%)
Charlson Comorbidity Index
Median (range) 6(3,13) 6 (3,13) 6(3,11) 0.80
ECOG Performance Status
0 30 (19.2%) 19 (23.1%) 11 (14.9%) 0.3
1 76 (48.7%) 42 (51.2%) 34 (45.9%)
2 41 (26.3%) 18 (22 %) 23 (31.08%)
3 8 (5.1%) 3(3.7%) 5(6.8%)
4 1(0.6%) 0 (0%) 1(1.3%)
Race
White 129 (82.7%) 63 (76.8%) 66 (89.2%) 0.08
Black 25 (16.0%) 17 (20.7%) 8 (10.8%)
Other 2 (1.3%) 2 (2.4%) 0 (0%)
History of Smoking
No 9 (5.8%) 4 (4.9%) 5 (6.8%) 0.74
Yes 147 (94.2%) 78 (95.1%) 69 (93.2%)
All Tumors NLR < 3.6 NLR > 3.6 p-value'
(N=166) (N =86) (N=80)
Histology
Squamous cell carcinoma 59 (35.5%) 31 (36.1%) 28 (35%) 0.81
Adenocarcinoma 89 (53.0%) 44 (51.2%) 44 (55%)
NSCLC, NOS 19 (11.5%) 11 (12.8%) 8 (10.0%)
T-stage
Tla 66 (39.8%) 2 (37.2%) 34 (42.5%) 0.31
T1b 49 (29.5%) 6 (30.2%) 23 (28.8%)
T2a 34 (34%) 22 (25.6%) 12 (15%)
T2b 3 (1.8%) 2 (2.3%) 1(1.25%)
T3 6 (3.6%) 2 (2:3%) 4 (5%)
T4 8 (4.8%) 2 (2:3%) 6 (7.5%)
GTV (cm?)
Median (range) 7.62 (0.54, 158.02) 7.25 (0.76, 55.5) 7.75 (0.54, 158.02) 0.79
PTV (cm?)
Median (range) 36.0 (3.9, 266.2) 35.9 (3.9, 166.8) 36.2 (7.4, 266.2) 0.57
Total BED (Gy1o)
Median (range) 105.6 (100, 160.5) 112.5 (100, 160.5) 105.0 (100, 151.2) 0.07
Max SUV on Pre-Treatment PET*
Median (range) 9.5(1,28.2) 9.9(1,27.7) 8.7 (1.6, 28.2) 043
WBC (K/uL)
Median (range) 7.5 (2.5, 141.1) 7.0 (2.5, 32.6) 8.66 (3.9, 141.1) 0.0001
Neutrophil Count (K/uL)
Median (range) 5.04 (1.03, 118.3) 445 (1, 15.8) 6.68 (2.55, 118.4) <0.0001
Lymphocyte Count (K/uL)
Median (range) 1.39 (0.28, 27.1) 1.74 (0.79, 27.1) 1.11 (0.28, 10.6) <0.0001

" Abbreviations. NLR — neutrophil-lymphocyte ratio. ECOG — Eastern Cooperative Group. NSCLC — non-small cell lung cancer, not otherwise specified. GTV - gross tumor
volume. PTV - planning target volume. BED - biologic effective dose. SUV - standardized uptake value. PET - Positron Emission Tomography. WBC - white blood count.
 Continuous variables were tested by Mann-Whitney U test, discrete variables were tested by Fisher’s Exact tests.

* American Joint Committee on Cancer (AJCC) 7th edition.

¥ Total of 149 with available values (neutrophil-lymphocyte ratio > 3.6, n = 75; neutrophil-lymphocyte ratio < 3.6, n = 74.

overall survival time for patients with NLR below/equal to and
above the median was 54.6 months (95% CI 32.9, upper bound
not reached) and 20.3 months (95% CI 15.4-40), respectively
(Fig. 1). On univariate cox regression analysis, we found a statisti-
cally significant association of pre-treatment NLR > 3.6 with worse
overall survival (HR = 2.00, 95% CI 1.18-3.39, p=0.010). On Cox
multivariate analysis, NLR > 3.6 continued to be statistically and
independently associated with inferior overall survival
(HR=1.91, 95% CI 1.09-3.33, p =0.023) when accounting for age,
gender, T-stage, histology, ECOG performance status, Charlson
Comorbidity Index, smoking, and BEDgy10 (Table 2). There was no
statistically significant association of pre-treatment NLR > 3.6 with
primary tumor failure (HR=1.21, 95% CI 0.42-3.49, p=0.73),
regional nodal failure (HR = 1.30, 95% C1 0.61-2.74, p = 0.50), or dis-

tant failure (HR = 1.95, 95% CI 0.81-4.72, p = 0.14) (see Supplemen-
tary Figs. 1-3). In a subset analysis of the 131 patients with NLR
obtained within 3 months (median of 1.3 months) before starting
treatment, NLR > 3.6 continued to be associated with inferior over-
all survival on univariate (HR = 2.34; 95% CI 1.30-4.18; p = 0.004)
and multivariate (HR = 2.14; 95% CI 1.15-3.99; p = 0.016) analysis.

Validation of NLR as a pre-treatment prognostic biomarker

Given the significant association of pre-treatment NLR and mor-
tality in our exploratory analysis, we sought to validate our find-
ings using independent datasets from Massachusetts General
Hospital and Rutgers Cancer Institute of New Jersey (see Supple-
mentary Table 1). Due to the smaller sample size from each insti-
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Fig. 1. Kaplan-Meier curves for overall survival in the training cohort, stratified by neutrophil-lymphocyte ratio (NLR) group.

Table 2
Cox proportional hazards multivariate analysis of predictors for survival in the
training cohort.

Variable HR (95% CI) p-value
NLR

<3.6 1.0 -

>3.6 1.91 (1.09-3.33) 0.023
Age 1.02 (0.98-1.06) 0.26
Gender

Male 1.0 -

Female 0.85 (0.47-1.55) 0.60
T-stage'

Tla 1.0 -

T1b 0.87 (0.44-1.68) 0.67

T2a 0.95 (0.42-2.15) 0.91

T2b 1.82 (0.23-14.43) 0.57

T3 1.22 (0.25-5.95) 0.81

T4 0.52 (0.07-4.00) 0.53
Histology

ScC 1.0 -

Adenocarcinoma 0.91 (0.49-1.69) 0.77

NSCLC, NOS 0.94 (0.38-2.34) 0.89
Total BEDgy10 0.99 (0.97-1.02) 0.63
Charlson’s Comorbidity Index 1.08 (0.91-1.29) 0.39
ECOG

0 1.0 -

1 2.41 (0.87-6.64) 0.089

2 4.00 (1.44-11.12) 0.008

3 5.57 (1.32-23.52) 0.020
Smoking (pack-years) 1.00 (0.99-1.01) 0.59

" Abbreviations: HR - hazard ratio. CI - confidence interval. NLR - neutrophil-
lymphocyte ratio. SCC - squamous cell carcinoma. NSCLC, NOS - non-small cell lung
cancer, not otherwise specified. BED - biologically effective dose. ECOG - Eastern
Cooperative Oncology Group.
¥ American Joint Committee on Cancer (AJCC) 7th edition.

tution, we pooled their two datasets to provide data on 108
patients (108 tumors). Using pre-treatment NLR data collected
from these institutions, we found NLR was significantly associated
with mortality when analyzed continuously (HR=1.06 95% CI
1.03-1.10, p = 0.001) and categorically using the >3.6 cutoff identi-
fied in our exploratory analysis (HR=1.83, 95% CI 1.06-3.16,
p=0.031) (Fig. 2). In addition, after adjusting for age, gender, T-
stage, histology, ECOG performance status, smoking, and BEDgy1o,
NLR remained associated with mortality when analyzed continu-
ously (HR=1.06, 95% CI 1.02-1.11, p=0.005) and categorically
(HR=2.43,95% Cl 1.27-4.65, p = 0.007) (Table 3). Once again, there
was no significant association of NLR > 3.6 with primary tumor
failure (HR = 0.96, 95% CI 0.35-2.66, p = 0.94), regional nodal fail-

ure (HR=1.28, 95% CI 0.55-2.98, p=0.56), or distant failure
(HR=1.36, 95% CI 0.61-3.0, p = 0.45) (see Supplementary Figs. 4—
6). In a subset analysis of the 106 patients with NLR obtained
within 3 months (median of 1.2 months) before starting treatment,
NLR > 3.6 continued to be associated with inferior overall survival
on univariate (HR=1.92; 95% CI 1.10-3.37; p=0.02) and multi-
variate (HR = 2.51; 95% CI 1.31-4.82; p = 0.006) analysis.

Post-treatment NLR as a prognostic biomarker

In a secondary analysis of the training cohort, we evaluated the
association of post-treatment NLR on survival. Post-treatment NLR
was obtained between one to six months after completing SBRT. Of
note, fewer patients had post-treatment CBC data, likely due to
institutional practice patterns during surveillance. First, we evalu-
ated differences in pre- and post-treatment NLR in patients with
both available values (n=65). Median post-treatment NLR was
5.1 (range 0.4-102.8), obtained at a median of 2.7 months after
treatment (range 1.0-6.0 months). Interestingly, we found that
there was a significant increase in post-treatment NLR compared
to pre-treatment NLR, with post-treatment NLR increasing by a
median of 28% (range —87% to 649%) (paired Wilcoxon'’s signed-
rank test, p <0.001) (Fig. 3). This increase was predominantly in
the group of patients with NLR < 3.6, for whom post-treatment
NLR increased by a median 64% (interquartile range [IQR] —7% to
262%), whereas patients with pre-treatment NLR > 3.6 increased
by a median of —3% (IQR —25% to 41%) (Wilcoxon’s rank-sum test,
p=0.005). Cox regression univariate analysis showed post-
treatment NLR was again significantly associated with mortality
(HR =1.02 [95% CI 1.001-1.04]; p = 0.042) when analyzed as a con-
tinuous variable. On Cox multivariate analysis, post-treatment NLR
was again associated with overall mortality (HR=1.03 [95% CI
1.00-1.06]; p =0.029) when accounting for age, gender, T-stage,
histology, ECOG performance status, Charlson’s Comorbidity Index,
smoking, and BEDgy10. We did not find a statistically significant
association between post-treatment NLR and primary tumor fail-
ure (p =0.56), regional nodal failure (p =0.74), or distant failure
(p=0.93) (not shown). In a subset analysis of patients with NLR
obtained within 2 months after treatment (n = 24) in order to min-
imize the risk of post-treatment radiation pneumonitis/inflamma-
tion contributing to elevated NLR, NLR continued to be associated
with overall mortality on univariate (HR = 1.23; 95% CI 1.07-1.41;
p=0.005) and multivariate analysis (HR = 1.54; 95% CI 1.11-2.14;
p=0.01).
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Fig. 2. Kaplan-Meier curves for overall survival in the validation cohort, stratified by neutrophil-lymphocyte ratio (NLR) group.

Table 3
Cox proportional hazards multivariate analysis of predictors for survival in the
validation cohort.’

Variable HR (95% CI) p-value
NLR

<3.6 1.0 -

>3.6 2.19 (1.14-4.21) 0.018
Age 0.99 (0.95-1.03) 0.69
Gender

Male 1.0 =

Female 0.37 (0.19-0.72) 0.003
T-stage'

Tla 1.0 =

T1b 1.18 (0.46-3.01) 0.73

T2a 2.25 (0.87-5.84) 0.10

T2b 16.77 (2.21-127.51) 0.006

T3 1.40 (0.38-5.20) 0.62

T4 - -
Histology

Scc 1.0 -

Adenocarcinoma 1.05 (0.52-2.09) 0.90

NSCLC, NOS 1.40 (0.32-6.07) 0.65
Total BEDgy10 1.01 (0.99-1.02) 0.47
ECOG

0 1.0 -

1 1.34 (0.59-3.06) 0.48

2 0.92 (0.33-2.55) 0.87

3 0.49 (0.08-3.05) 0.45
Smoking (pack-years) 1.00 (0.99-1.01) 0.98

" Abbreviations: HR - hazard ratio. CI - confidence interval. NLR - neutrophil-
lymphocyte ratio. SCC - squamous cell carcinoma. NSCLC, NOS - non-small cell lung
cancer, not otherwise specified. BED - biologically effective dose. ECOG - Eastern
Cooperative Oncology Group.

* American Joint Committee on Cancer (AJCC) 7th edition. T4 excluded due to
limited sample size.

Discussion

In this study, we identified pre-treatment NLR is associated
with overall survival in patients treated with SBRT for NSCLC.
Using a total of 264 patients treated across 3 institutions, we iden-
tified NLR > 3.6 is associated with increased mortality. Compared
to prior studies, our study is the first to identify a clinically mean-
ingful value of NLR with significant association to overall survival
when adjusting for clinically relevant confounders, which are
established prognostic factors in patients with early stage NSCLC
undergoing SBRT. Furthermore, we validated our cut-point of 3.6
in an independent, multi-institutional cohort of patients. Finally,
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Fig. 3. Boxplot of pre- and post-treatment neutrophil-lymphocyte ratio (NLR).
Wilcoxon’s signed rank test, p < 0.001.

we identified a significant increase in NLR after SBRT and identified
an association of post-treatment NLR with overall survival, both
novel findings in the setting of lung SBRT.

Inflammation is an accepted and well-described component of
the pathogenesis of cancer [21]. Lymphocytes are believed to play
an important role in the natural immune defense against cancer
and lymphocyte infiltration of tumors has been shown to correlate
with improved survival [22]. Indeed, a relative lymphocytosis prior
to starting treatment has been associated with improved outcomes
in breast, colorectal and esophageal cancer treated with
chemotherapy and radiation [23-24]. On the contrary, neutrophils
are hypothesized to promote carcinogenesis. Laboratory studies
suggest malignant cells can transform neutrophils into tumor-
associated neutrophils (TANs) that promote tumor progression
[25]. Additionally, Gooden et al. [22] described increased circulat-
ing neutrophils may suppress lymphocytosis, thus eliminating this
important arm of host defense and immune surveillance, thereby
leading to carcinogenesis.

While there is evidence to suggest an association between NLR
and cancer-related response and mortality, there is also evidence
suggesting that NLR may be a prognostic biomarker independent
of malignancy. Indeed, NLR has been shown to be prognostic in
the setting of various benign conditions, such as in the setting of
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percutaneous coronary intervention or hemodialysis [26-27]. NLR
was found to be prospectively associated with all-cause mortality,
coronary heart disease, and heart failure in the Jackson Heart
Study. The authors concluded NLR may act as a generalized inflam-
matory marker and, furthermore, the corresponding cutoff por-
tending poor prognosis may vary along with the genetic
variability of the different populations that are studied [28].

There are several plausible explanations for our findings. One
theory is an elevated NLR reflects the gain of a pro-tumorigenic
neutrophilia paired with the loss of anti-neoplastic (or tumor cyto-
toxic) lymphocytes. A dysfunctional host immune system could
lead to inability to mount an anti-tumor response, but also, could
put the patient at risk for infectious causes of morbidity and mor-
tality. In the setting of a dysfunctional T cell-mediated immune
response, one would predict that higher NLR would predict for
inability to properly stimulate tolerant T-cells with immune check-
point inhibitors such as anti-PD-1 antibodies. As proof of principle,
multiple studies have recently concluded that higher NLR is a prog-
nostic and potentially predictive biomarker for poor treatment
response and clinical outcomes, not only after chemotherapy, but
also after immunotherapy [29-31]. The association of high NLR
and inferior outcomes does not appear to be restricted to patients
receiving immunotherapy. For example, high NLR has also been
shown to be associated with worse progression-free survival and
overall survival in advanced NSCLC treated with bevacizumab, an
anti-VEGF monoclonal antibody [32]. Taken together, NLR has
prognostic and potentially predictive utility in the setting of
cancer.

While we found an association of pre-treatment NLR with mor-
tality, we did not find a statistically significant association with
disease-control outcomes. This aligns with earlier studies that
investigated NLR in early stage NSCLC treated with SBRT [14-17].
Cannon et al. [14] concluded pre-treatment NLR within 3 months
of starting SBRT was associated with mortality but not with non-
local failure. Giuliani et al. [27] reported similar findings in which
pre-treatment NLR was independently associated with overall sur-
vival but not disease-related death. In contrast, a meta-analysis by
Peng et al. [11] showed pre-treatment NLR was associated with
treatment response to surgery or chemotherapy in addition to
overall survival in NSCLC. Thus, while the association of NLR with
mortality appears to be consistent across multiple studies, the
impact of NLR on disease-specific outcomes is inconclusive. The
results of our study may suggest an underlying propensity for mor-
tality in patients with high NLR that is irrespective of malignancy
and the treatment received. However, this does not diminish the
utility of NLR as a prognostic biomarker in the setting of lung SBRT,
and NLR may be valuable in stratifying appropriateness for treat-
ment and customizing follow-up.

Another novel finding of our study is the association of post-
treatment NLR with mortality in the setting of lung SBRT. This lat-
ter association has been shown in other disease sites, such as in the
treatment of brain metastases with stereotactic radiosurgery [33]
as well as locally advanced NSCLC [34-35], and head and neck can-
cer [36]. Given preclinical evidence that supports the role of radio-
therapy in inducing lymphocytic infiltration [37], it is possible that
relatively lower post-treatment NLR may be secondary to an anti-
tumor lymphocytic response stimulated by radiation, leading to
improved survival. Conversely, if the tumor is promoting an
immune-tolerant state, it is interesting to speculate that tumor
ablation by SBRT is reversing the ability of the tumor to induce
immune suppression. Nevertheless, we did not find any correlation
between post-treatment NLR and disease control outcomes. Fur-
thermore, we identified higher NLR levels following SBRT, predom-
inantly in the group of patients with pre-treatment NLR < 3.6.
Elevation of NLR after radiotherapy has been demonstrated in the
setting of radioembolization for liver malignancies [38] and

chemoradiation for locally advanced rectal cancer [39]. The signif-
icance of this increase in NLR, at a median of 2.7 months after SBRT,
is unclear; it is possible this may represent a sustained post-
treatment inflammatory state induced by radiotherapy.

Our study is the largest analysis evaluating NLR in the setting of
lung SBRT and the only study to validate our pre-treatment NLR
cutoff in an independent cohort from separate institutions. How-
ever, limitations of this retrospective study include the exclusion
of known and unknown concurrent host pro-inflammatory states
prior to treatment such as rheumatologic disorders, synchronous
malignancies, or medications such as corticosteroids that may have
influenced the NLR, as well as a more thorough analysis of factors
(e.g. comorbidities) that might influence survival.

In summary, we have found that high pre-treatment NLR is
associated with reduced survival in patients undergoing SBRT for
early stage NSCLC, notably after accounting for established prog-
nostic variables. This finding was validated in an independent
cohort of patients from two other institutions. We also found an
association of post-treatment NLR with mortality, a novel finding
that merits validation in an independent cohort. Calculating NLR
from a peripheral CBC, which is often included in diagnostic
workup [40], is a simple, cost-effective and reproducible method
to provide additional prognostic data both before and after treat-
ment with SBRT. Integration of this novel host-related prognostic
factor into clinical decision-making tools, such as a nomogram to
predict the risk of death, may allow for further risk stratification
and assist in selecting patients for SBRT (versus other treatment
modalities or observation), or by identifying those patients who
require closer follow-up after SBRT. Further studies should be con-
ducted using a prospective cohort to evaluate the prognostic signif-
icance of NLR in the setting of lung SBRT, as well as pre-clinical
studies to better elucidate the role of the innate and adaptive
immune systems in contributing to these observations.
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