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Abstract

Purpose Locally advanced non-small cell lung cancer (LA-NSCLC) is frequently treated with chemoradiotherapy (CRT).
Despite the efforts, long-term outcomes are poor, and novel therapies have been introduced to improve results. Biomarkers are
needed to detect early treatment failure and plan future follow-up and therapies. Our aim is to evaluate the role of dynamics
of neutrophil-to-lymphocyte ratio (NLR) in patients with locally advanced NSCLC treated with CRT.

Methods We retrospectively reviewed patients diagnosed with LA-NSCLC receiving definitive CRT at our center from 2010
to 2015. Baseline and post-treatment NLR were collected from our center database. NLR was dichotomized (threshold=4)
and patients were divided into two groups based on the variation from baseline to post-treatment NLR. The prognostic role
and association with response were examined with logistic regression and multivariate Cox regression model, respectively.
Results Ninety-two patients were included. Our analysis shows that NLR after treatment is associated with response to treat-
ment [OR in the multivariate analysis 4.94 (1.01-24.48); p value =0.048]. Furthermore, NLR and ECOG are independent
prognostic factors for progression-free survival (PFS) and overall survival (OS). Specifically, PFS was 25.79 months for
the good prognosis group and 12.09 for the poor prognosis group [HR 2.98 (CI 95% =1.74-5.10), p <0.001]; and OS was
42.94 months and 18.86 months, respectively [HR 2.81 (CI 95% =1.62-4.90), p <0.001].

Conclusion Dynamics of NLR have a prognostic value in stage IIIl NSCLC treated with definitive CRT. Pre- and post-CRT
NLR should be evaluated in prospective clinical trials involving consolidation treatment with immunotherapy.

Keywords Non-small cell lung cancer - Neutrophil-to-lymphocyte ratio - Stage III - Chemoradiotherapy - Survival
outcomes

Introduction accounts for 80% cases and approximately one-quarter of

these patients are diagnosed with locally advanced disease
Lung cancer remains the leading cause of cancer-associated  (stage III NSCLC) [2]. Despite the efforts, survival rates
death in Western Europe, despite a decline in the incidence  still reveal a poor prognosis; specifically, stage III NSCLC
of this disease related to a reduction in tobacco use over  5-year survival rates are around 30% in stage IIIA, 25% in
the past decades [1]. Non-small cell lung cancer (NSCLC) stage I1IB, and only 13% in stage IIIC [3]
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Furthermore, stage III NSCLC includes a heterogeneous
group of patients due to the difference in local presentation
(high-volume tumors, infiltration of mediastinal structures,
and/or nodal involvement). For this reason, treatment deci-
sions represent a challenge for clinicians. Chemoradiother-
apy (CRT), either concurrently or sequentially administered,
is the standard treatment for unresectable locally advanced
NSCLC. The concurrent approach is the preferred treatment
because of the demonstrated longer survival, even at the
expense of higher rates of toxicity [4], but not all patients
benefit from this scheme. Recently, the addition of immu-
notherapy after CRT has shown improved progression-free
survival rates in stage III NSCLC, but long-term survival
data are still awaited [5]. Considering this scenario, prognos-
tic and predictive biomarkers to anticipate treatment failure
and to identify potential responders and non-responders to
therapy are needed.

In this context, the association between cancer prognosis
and systemic inflammatory response has been studied in the
last years, especially in NSCLC [6, 7]. Among the inflam-
matory indexes that have been investigated in NSCLC, the
most widely recognized as a prognostic factor in advanced
disease is the neutrophil-to-lymphocyte ratio (NLR) [8—10].
More recently, the predictive value of NLR was explored in
stage IV NSCLC during treatment with nivolumab [11, 12].
Although NLR has also been demonstrated as a prognos-
tic factor in localized and locally advanced NSCLC [13],
to our knowledge, it has not been evaluated as a predictive
biomarker in this setting. Therefore, our aim is to determine
the predictive and prognostic significance of the evolving
value of NLR in patients diagnosed with stage III NSCLC
treated with definitive CRT.

Materials and methods
Patients

A single-center, retrospective study was conducted includ-
ing patients diagnosed with inoperable stage III NSCLC
and treated with concurrent or sequential CRT at Hospital
Universitario Doctor Peset between 2010 and 2015. The
patients were classified according to the guidelines of the
tumor-node-metastasis (TNM) staging system of the Union
for International Cancer Control (7th Edition) [14]. Patients
older than 18 years old with histopathological diagnosis of
NSCLC stage III that received treatment with radiotherapy
and at least one cycle of chemotherapy were included.
Patients were also excluded if their clinical or laboratory
information was not available, if they had been diagnosed
with another tumor during the previous 3 months or if an
infection or an acute complication was found at the moment
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of the acquisition of the blood tests, since it could interfere
with our results.

The clinicopathologic characteristics, comorbidities, and
laboratory data were recorded and archived at the hospital
informatics system. Complete blood cell counts with dif-
ferential count were collected at baseline (before receiving
any treatment) and 5-6 weeks after completing CRT. This
interval from the end of treatment and the blood test extrac-
tion enables us to avoid the possible myelotoxicity pro-
duced mainly by chemotherapy. Patients were also grouped
according to their age: young patients (less than 70 years)
vs. old patients (70 years or older). The cut-off point was set
at 70 years old, because it is the age at which the majority
of age-related changes start to happen and this population
should be taken into special consideration regarding treat-
ment options and possible toxicities [15].

Response criteria were defined according to the guide-
lines of response evaluation criteria in solid tumors
(RECIST, v.1.1 [16]) with a CT scan of the chest and upper
abdomen. Adverse events were evaluated by common ter-
minology criteria in adverse events (CTCAE) v.4.0. Patients
were followed every 3 months for the first 2 years, every
6 months for 3 years, and then every year or until death.

The study was conducted in accordance with the Decla-
ration of Helsinki and after obtaining approval of the insti-
tutional research ethical committee. Informed consent was
exempted due to the retrospective nature of the study and
assured anonymity.

Statistical analysis

NLR is defined as the absolute neutrophil count divided by
the absolute lymphocyte count [10] and it was evaluated
before receiving any treatment and 5—6 weeks after complet-
ing CRT. NLR was considered a continuous variable and
was also dichotomized as low vs. high using the cut-off point
described in the previous studies and meta-analyses (cut-off
value=4) [17]. NLR monitoring preceding and following
CRT stratified two groups: good (NLR remained <4 and
NLR decreased >4 to <4) and poor prognostic group (NLR
increased from <4 to >4 and NLR remained >4).

Odds ratios (OR) were calculated using multivariate mod-
els for binary outcome. Specifically, a multivariate logistic
regression model was applied to evaluate response to ther-
apy, measured by RECIST and categorized into two groups:
progressive disease and responsive disease (including com-
plete response, partial response, and stable disease). The
predictors in the model were the type of treatment (sequen-
tial or concurrent CRT), type of chemotherapy (Cisplatin
doublet vs. Carboplatin doublet), ECOG-PS at diagnosis,
age group, and NLR-based prognostic group. Considering
that the NLR-based prognostic groups include parameters
pre and post-treatment, it cannot be evaluated as a predictive
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factor of response previous to therapy; however, its relation-
ship with response to treatment can be assessed.

Progression-free survival (PFS) and overall survival (OS)
were calculated from the start of treatment to radiographic or
clinical progression and death, respectively; and were esti-
mated with a multivariate Cox regression model including
NLR, age group, ECOG-PS at baseline, type of treatment
(concurrent vs. sequential CRT), and type of chemotherapy
(cisplatin doublet vs. carboplatin doublet). Living patients
were censored at the date of last follow-up. Significant pre-
dictors were further analyzed with Kaplan—Meier curves.

Statistical analyses were performed using the G-STAT
software. All tests were two-sided, and statistical signifi-
cance was defined as p <0.05.

Results
Patients and tumor characteristics

Ninety-two patients were included in the final analysis.
The demographic and tumor characteristics are shown in
Table 1. Patients ranged in age from 39 to 83 years (median
age 65.5). Most patients were male (85.9%) and had a cur-
rent or former history of the smoking habit (96.7%). The
majority of patients presented with a good performance sta-
tus (19.6% patients had ECOG 0; 70.6%, ECOG 1, and 9.8%,
ECOG 2); and it did not change during treatment nor in the
following weeks after finishing it. The predominant histol-
ogy was squamous cell carcinoma (56.5%). Also, more than
half of the patients were diagnosed with stage IIIB NSCLC
(63.1%). Chemotherapy regimens administered were based
in platinum doublets (carbo- or cisplatin plus paclitaxel, doc-
etaxel, etoposide, or vinorelbine) and patients received at
least 54 Gy of thoracic radiation therapy either concurrently
or sequentially. Median pre-treatment NLR was 3.08 (range
1.00-0.88) and post-CRT was 4.29 (range 0.80-75.00).

At data cut-off (March 31st 2019), 64 patients had pro-
gressed (69.57%) and 60 patients had died (65.21%). Only
three patients died because of toxicity of the treatment or
comorbidities; in the rest of the cases, the cause of death
was tumor progression.

Impact of treatment received

To assess whether the type of treatment (sequential vs.
concurrent CRT) had an influence on response to therapy,
we used a multivariate logistic regression model including
also ECOG-PS at diagnosis, age groups (young vs. old),
type of chemotherapy (cisplatin doublet vs. carboplatin
doublet), and prognostic groups based on NLR dynamic

Table 1 Demographics, clinical, and tumor characteristics of patients
included (n=92)

Age (years)

Median (range) 65.5 (39-82)

Young patients—No. (%) 62 (67.4%)

Older patients—No. (%) 30 (32.6%)
Sex—No. (%)

Female 13 (14.1%)

Male 79 (85.9%)
Smoking status—No. (%)

Non-smoker 3(3.3%)

Ex-smoker 41(44.5%)

Current smoker 48(52.2%)
ECOG performance status score—No. (%)

0 18 (19.6%)

1 65 (70.6%)

2 9 (9.8%)
Histology—No. (%)

Adenocarcinoma 36 (39.1%)

Squamous carcinoma 52 (56.5%)

Other 4 (4.4%)
Clinical stage (TNM staging 7th edition)

1A 34 (36.9%)

1B 58 (63.1%)
Type of CRT scheme—No. (%)

Concurrent 71 (71.2%)

Sequential 21 (22.8%)
Type of chemotherapy—No. (%)

Cisplatin-based 22 (23.9%)

Carboplatin-based 70 (76.1%)

Pre-treatment NLR
Median (range)
Post-treatment NLR

3.08 (1.00-10.88)

Median (range) 4.29 (0.80-75.00)
Prognostic groups—No. (%)
Good prognosis (NLR decreases <4 or 42 (45.6%)
remains <4)
Poor prognosis (NLR increases >4 or 50 (54.4%)

remains >4)

values. Response to treatment was evaluated by RECIST
measures in CT scan performed 5-6 weeks after finish-
ing CRT. Patients were divided into two groups depend-
ing on their best response to therapy: progressive disease
vs. responsive disease (including patients with complete
response, partial response, and stable disease). As shown
in Table 2, type of treatment regarding the sequence of
chemotherapy and radiotherapy did not influence our
results. Accordingly, the type of treatment did not impact
progression-free survival nor overall survival (data shown
in Table 3).
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Table 2 Odds ratios (ORs) for

Variable Odds ratio (CI 95%) p value
the best response to treatment
(responsive disease vs. ECOG 2.63 (0.71-9.79) 0.147
progressive disease) using a L =
multivariate logistic regression Age group (young vs. old, cut-off point=70 years) 1.36 (0.25-7.57) 0.719
model Type of treatment (concurrent vs. sequential) 1.18 (0.17-7.88) 0.862
Type of chemotherapy (Cisplatin doublet vs. Carboplatin 1.36 (0.22-8.25) 0.735
doublet)
Prognostic groups (good vs. poor) 4.94 (1.01-24.48) 0.048

Table 3 Univariate analysis and multivariate Cox regression model evaluating the impact on progression-free survival and overall survival of
ECOG, age group, type of treatment, and prognostic groups according to dynamics of NLR

Progression-free survival

Overall survival

Univariate analysis Multivariate analysis

Univariate analysis Multivariate analysis

Hazard ratio (CI 95%) pvalue Adjusted hazard p value Hazard ratio (C195%) p value Adjusted hazard p value
ratio (CI 95%) ratio (CI 95%)

ECOG

1.43 (0.94-2.18) 0.090 1.65 (1.05-2.60) 0.030 1.52(0.98-2.36) 0.063 2.02 (1.26-3.25) 0.003
Age group (young vs. old, cut-off point="70 years)

1.02 (0.62-1.68) 0.938 1.44 (0.76-2.71) 0.263 1.08 (0.65-1.83) 0.750 1.58 (0.81-3.07) 0.180
Type of treatment (concurrent vs. sequential)

0.91 (0.50-1.65) 0.755 0.50 (0.23-1.08) 0.078 0.94 (0.50-1.77) 0.849 0.49 (0.21-1.12) 0.090
Type of chemotherapy (cisplatin doublet vs. carboplatin doublet)

1.35 (0.58-1.84) 0.906 1.27 (0.64-2.53) 0.494 1.19 (0.66-2.16) 0.562 1.71 (0.82-3.55) 0.152
Prognostic groups (good vs. poor)

2.83(1.67-4.80) <0.001 2.98(1.74-5.10) <0.001 2.63(1.52-4.53) <0.001 2.81(1.62-4.90) <0.001

Response to treatment: relationship with dynamics
of NLR

Our multivariate analysis revealed that the only factor inde-
pendently associated with response to treatment was the
prognostic group depending on behavior of NLR during
treatment. Patients with NLR increasing to >4 or remain-
ing >4 after CRT (poor prognosis group) had a higher risk
of achieving a progressive disease as the best response
to treatment [Odds ratio 4.94 (CI 95 %=1.01-24.48); p
value =0.048]. In addition, the disease control rate was
95.24% in the good prognosis group vs. 80% in the poor
prognosis group, although this trend was not statistically sig-
nificant (Fisher’s exact test, double-sided p value =0.057).
On the other hand, ECOG-PS, age, and type and sequence
of treatment did not have any impact on treatment response.

Survival outcomes: prognostic value of dynamics
of NLR

Univariate analysis and multivariate Cox hazard model were
used to determine whether ECOG-PS, age, type of treat-
ment, type of chemotherapy, and NLR-based prognostic
groups were associated with PFS and OS (data shown in
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Table 3). ECOG was shown as an independent prognostic
factor for survival, and PFS and OS were shorter in patients
with poor ECOG. Prognostic groups considering dynam-
ics of NLR after treatment were also related to PFS and
OS on our multivariate analysis. PFS was 25.79 months for
the good prognosis group and 12.09 for the poor prognosis
group [HR 2.98 (CI 95%=1.74-5.10], p<0.001); and OS
was 42.94 months and 18.86 months, respectively [HR 2.81
(CI95% =1.62-4.90), p <0.001]. Survival curves were esti-
mated using the Kaplan—-Meier method and the log-rank test
(data shown in Figs. 1 and 2). Therefore, NLR-based groups
after CRT are shown to be prognostic factors in our study.

Discussion

The immune system holds a crucial part in cancer develop-
ment, because it takes part in the tumoral surveillance, but
it can also induce an inflammatory state and promote its
growth [18, 19]. As cancer-associated inflammation is one
of the hallmarks of cancer, and plays an important role in
tumor development and progression, it is crucial to have
information about the immunological and inflammatory
status of the host.
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Fig.2 Kaplan—Meier curves for overall survival (OS) in the good vs. poor prognostic groups

These factors can be evaluated with markers from periph-
eral blood samples that are inexpensive and easily reproduc-
ible. One of the most widely studied inflammatory-based
scores is the neutrophil-to-lymphocyte ratio. Baseline NLR
has been demonstrated to be a prognostic factor for PFS
and OS in different cancer types [20, 21], and particularly
in NSCLC given its relationship with inflammation. Neu-
trophils and lymphocytes are suggested to play an essential
role in tumor development: neutrophils produce pro-inflam-
matory cytokines that inhibit the cytolytic activity of other
immune cells and lead to cancer initiation and progres-
sion; on the contrary, lymphocytes are the most prominent
anti-tumor cells (especially CD8 + T lymphocytes) [22].

Moreover, higher NLR, mainly related to neutrophilia and
lymphopenia, may reflect the inflammatory status of the
tumor microenvironment [23]. However, NLR is a dynamic
marker that can be influenced not only by the host condition,
but also by the treatment received and the response gener-
ated, and this has been studied to a lesser extent.

In our study, we demonstrated that variation of NLR at
baseline and 5-6 weeks after completing multimodal treat-
ment with chemoradiotherapy is useful to evaluate the sys-
temic inflammatory status of patients and that it is related
to response to treatment and survival. Specifically, a reduc-
tion of NLR was significantly associated with a better tumor
response, achieving higher rates of disease control, and a
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longer progression-free survival and overall survival regard-
less of treatment strategy (concurrent vs. sequential CRT or
chemotherapy regimen) and age. ECOG was not associated
with response to treatment; however, most of our patients
had a Performance Status of 01, and that is why, they were
considered suitable for multimodal treatment. Conversely,
poor ECOG was significantly related to a shorter PFS and
OS.

The impact of baseline NLR in response to chemotherapy
in advanced NSCLC was reported previously by Yao et al.
[24], and subsequently, high NLR was also associated with a
poorer response to targeted therapy [8] and immunotherapy
[12, 25, 26], including the evaluation of variation of NLR
during treatment. Nevertheless, there are scarce data in stage
III NSCLC, and only evaluating pre-treatment NLR [27]. In
this study by Tang et al., CRT was combined with an antian-
giogenic therapy (recombinant human endostatin) which is
not used in clinical practice and could have interfered with
their results. Other inflammation-related biomarkers such as
the Glasgow prognostic score and the systemic inflamma-
tion index have been studied as predictive factors in locally
advanced NSCLC [28, 29], supporting the impact of the
inflammatory and immunological host condition in response
to multimodal treatment in stage III NSCLC.

The role of NLR as a prognostic factor for PFS and OS
in our study was consistent with the previous publications
[30, 31], showing that a higher NLR is related to a worse
prognosis. Furthermore, our results highlight the importance
of the dynamics of NLR, demonstrating that post-treatment
inflammatory status is a better predictor of PFS and OS than
baseline NLR. Previously, lower lymphocyte nadir value
during radiation therapy for stage I-III NSCLC was associ-
ated with poorer survival [32]. These findings suggest that a
reduction in the inflammatory response associated with the
tumor might be presented as a reduction of NLR, and that
is why, it is crucial to understand the dynamic evolution of
NLR during and after treatment.

On one hand, the limitations of our study include its ret-
rospective nature, which hinders the complete exclusion of
concurrent inflammatory conditions especially after fin-
ishing CRT; the single institution basis; and the relatively
low sample size. Furthermore, the NLR threshold is not yet
standardized. Based on the previous studies and meta-anal-
ysis, we used four as the cut-off point [33]; nevertheless, it
has been suggested that the prognostic role of inflamma-
tory indexes may be influenced by the TNM stage [34], and
their prognostic yield might vary among different stages and
tumors and should be determined in prospective studies.

On the other hand, the strong points of our study should
also be outlined: to our knowledge, this is the first published
study evaluating the dynamics of NLR in locally advanced
NSCLC treated with chemoradiotherapy in a non-Asiatic
population. Our population includes patients receiving
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exclusive CRT using platinum doublets, whereas other stud-
ies focused on stage III NSCLC also included patients in
which surgery was performed [13, 28], making our popula-
tion more homogeneous. Furthermore, our study emphasizes
the importance of blood-based biomarkers not only as prog-
nostic elements, but also correlating them with response to
treatment. With the great development of drugs that enhance
the immune system to fight against tumors, it is essential to
find biomarkers that can easily be applied in clinical practice
and that might be deeply investigated to help clinicians to
elucidate which patients might benefit from consolidation
treatment with immunotherapy and which patients may have
a higher risk of toxicity, especially in the locally advanced
setting, in which oncologists try to maximize their efforts to
offer patients the most suitable treatment.

As the interaction between the host and the tumor, also
influenced by treatment, may produce changes in the immu-
nological and inflammatory condition, and considering the
importance of our findings, we believe that blood biomarkers
such as NLR should be prospectively studied in randomized
clinical trials.

Conclusions

In conclusion, our study demonstrates that variation in
NLR after CRT in stage III NSCLC correlates with tumor
response, PFS, and OS regardless of treatment strategy and
age. A high post-CRT NLR is significantly associated with
poor survival outcomes in patients with stage III NSCLC
undergoing radical treatment. Therefore, NLR could be used
as a surrogate marker evaluating the efficacy of treatment
and prognosis in this population. Furthermore, NLR should
be evaluated as a predictive factor in patients receiving
immunotherapy after CRT.

That is why, NLR, with a demonstrated prognostic value,
should be taken into account in the design of clinical trials
as we believe that it could be useful in treatment decision-
making and patient selection for consolidation treatment
with immunotherapy or subsequent therapy lines.

Acknowledgements The authors would like to express our gratitude
to Joanna Gotab for her contribution providing language help for the
manuscript.

Author contributions VP-A: designed the research, acquired the data,
and contributed to the data analysis and interpretation. He also pre-
pared the first draft of the manuscript edited and reviewed it. TS-C:
designed the research, and helped with the data analysis and the prepa-
ration of the first draft of the manuscript. Moreover, she reviewed it
and edited the final version. STC: participated in the design of the
statistical analysis and also performed it. Besides this, she reviewed
the manuscript and edited the final version. VGB: participated in the
design of the statistical analysis and also performed it. Besides this,
he reviewed the manuscript. MMU: helped with the study design, the



Clinical and Translational Oncology

data acquisition, and interpretation, and also reviewed the manuscript.
IC MM: also conducted the study design, helped with the data inter-
pretation, and edited the final version of the manuscript. All authors
approved the final version of the manuscript.

Funding This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

Compliance with ethical standards

Conflict of interest The authors have no conflicts of interest to dis-
close.

Code availability IRB number 25/17.

Ethics approval The study was conducted in accordance with the
Declaration of Helsinki and it was approved by the Ethics Commit-
tee of Hospital Univeristario Doctor Peset (IRB number 24/17). The
manuscript has not been published and is not under consideration for
publication elsewhere.

Research involving human participants and/or animals The study was
conducted in accordance with the Declaration of Helsinki and after
obtaining approval of the institutional research ethical committee.

Informed consent Informed consent was exempted due to the retro-
spective nature of the study and assured anonymity.

References

1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2019. CA Can-
cer J Clin. 2019;69:7-34. https://doi.org/10.3322/caac.21551.

2. Molina JR, Yang P, Cassivi SD, et al. Non—small cell lung cancer:
epidemiology, risk factors, treatment, and survivorship. Epidemi-
ology. 2019;1:584-94.

3. Goldstraw P, Chansky K, Crowley J, et al. The IASLC lung cancer
staging project: proposals for revision of the TNM stage group-
ings in the forthcoming (eighth) edition of the TNM classifica-
tion for lung cancer. J Thorac Oncol. 2016;11:39-51. https://doi.
org/10.1016/j.jtho.2015.09.009.

4. Postmus PE, Kerr KM, Oudkerk M, et al. Early and locally
advanced non-small-cell lung cancer (NSCLC): ESMO clinical
practice guidelines for diagnosis, treatment and follow-up. Ann
Oncol. 2017;28:12. https://doi.org/10.1093/annonc/mdx222.

5. Antonia SJ, Villegas A, Daniel D, et al. Durvalumab after chemo-
radiotherapy in stage III non-small-cell lung cancer. N Engl J
Med. 2017;377:1919-29. https://doi.org/10.1056/NEJMoal709
937.

6. Hanahan D, Weinberg RA. Hallmarks of cancer: the next gen-
eration. Cell. 2011;144:646-74. https://doi.org/10.1016/].
cell.2011.02.013.

7. Federico A, Morgillo F, Tuccillo C, et al. Chronic inflamma-
tion and oxidative stress in human carcinogenesis. Int J Cancer.
2007;121:2381-6. https://doi.org/10.1002/ijc.23192.

8. Lee Y, Kim SH, Han JY, et al. Early neutrophil-to-lymphocyte
ratio reduction as a surrogate marker of prognosis in never smok-
ers with advanced lung adenocarcinoma receiving gefitinib or
standard chemotherapy as first-line therapy. J Cancer Res Clin
Oncol. 2012;138:2009-166. https://doi.org/10.1007/s0043
2-012-1281-4.

9.

10.

11.

12.

14.

15.

16.

17.

19.

20.

21.

22.

23.

24.

Minami S, Ogata Y, Thara S, et al. Neutrophil-to-lymphocyte ratio
predicts overall survival of advanced non-small cell lung cancer
harboring mutant epidermal growth factor receptor. Orig Artic
World J Oncol. 2017;8:180-7. https://doi.org/10.14740/wjon1
069w.

Yin Y, Wang J, Wang X, et al. Prognostic value of the neutrophil
to lymphocyte ratio in lung cancer: a meta-analysis. Clinics. 2015.
https://doi.org/10.6061/clinics/2015(07)10.

Takeda T, Takeuchi M, Saitoh M, Takeda S. Neutrophil-to-lym-
phocyte ratios after 4 weeks of nivolumab administration as a
predictive marker in patients with pretreated non-small-cell lung
cancer: NLR in NSCLC 4 weeks after nivolumab. Thorac Cancer.
2018;9:1291-9. https://doi.org/10.1111/1759-7714.12838.

Soda H, Ogawara D, Fukuda Y, et al. Dynamics of blood neutro-
phil-related indices during nivolumab treatment may be associated
with response to salvage chemotherapy for non-small cell lung
cancer. Oncologist. 2019;10:341-6. https://doi.org/10.1111/1759-
7714.12952.

. Scilla KA, Bentzen SM, Lam VK, et al. Neutrophil-lymphocyte

ratio is a prognostic marker in patients with locally advanced
(stage IIIa and I1Ib) non-small cell lung cancer treated with com-
bined modality therapy. Oncologist. 2017;22:737-42. https://doi.
org/10.1634/theoncologist.2016-0443.

Mirsadraee S, Oswal D, Alizadeh Y, et al. The 7th lung cancer
TNM classification and staging system: review of the changes
and implications. World J Radiol. 2012;4:128-34. https://doi.
org/10.4329/wjr.v4.i4.128.

Blanco R, Maestu I, de la Torre MG, et al. A review of the man-
agement of elderly patients with non-small-cell lung cancer. Ann
Oncol. 2015;26:451-63. https://doi.org/10.1093/annonc/mdu268.
Eisenhauer EA, Therasse P, Bogaerts J, et al. New response evalu-
ation criteria in solid tumours: revised RECIST guideline (ver-
sion 1.1). Eur J Cancer. 2009;45:228-47. https://doi.org/10.1016/j.
ejca.2008.10.026.

Peng B, Wang Y-H, Liu Y-M, Ma L-X. Prognostic significance of
the neutrophil to lymphocyte ratio in patients with non-small cell
lung cancer: a systemic review and meta-analysis. Int J Clin Exp
Med. 2015;8:3098-106.

. Finn OJ. Immuno-oncology: understanding the function and dys-

function of the immune system in cancer. Ann Oncol. 2012;23:8—
11. https://doi.org/10.1093/annonc/mds256.

Franceschi C, Campisi J. Chronic inflammation (inflammaging)
and its potential contribution to age-associated diseases. J Ger-
ontol A Biol Sci Med Sci. 2014;69:4-9. https://doi.org/10.1093/
gerona/glu057.

Urabe M, Yamashita H, Watanabe T, Seto Y. Comparison of
prognostic abilities among preoperative laboratory data indices
in patients with resectable gastric and esophagogastric junction
adenocarcinoma. World J Surg. 2018. https://doi.org/10.1007/
s00268-017-4146-9.

Losada B, Guerra JA, Malé6n D, et al. Pretreatment neutrophil/
lymphocyte, platelet/lymphocyte, lymphocyte/monocyte, and
neutrophil/monocyte ratios and outcome in elderly breast cancer
patients. Clin Transl Oncol. 2018. https://doi.org/10.1007/s1209
4-018-1999-9.

Gonzalez H, Hagerling C, Werb Z. Roles of the immune system
in cancer: from tumor initiation to metastatic progression. Cancer.
2018. https://doi.org/10.1101/gad.314617.

Pawelec G. Immunosenescence and cancer. Biogerontology.
2017;18:717-21. https://doi.org/10.1007/s10522-017-9682-z.
Yao Y, Yuan D, Liu H, et al. Pretreatment neutrophil to lympho-
cyte ratio is associated with response to therapy and prognosis of
advanced non-small cell lung cancer patients treated with first-
line platinum-based chemotherapy. Cancer Immunol Immunother.
2013;62:471-9. https://doi.org/10.1007/s00262-012-1347-9.

@ Springer


https://doi.org/10.3322/caac.21551
https://doi.org/10.1016/j.jtho.2015.09.009
https://doi.org/10.1016/j.jtho.2015.09.009
https://doi.org/10.1093/annonc/mdx222
https://doi.org/10.1056/NEJMoa1709937
https://doi.org/10.1056/NEJMoa1709937
https://doi.org/10.1016/j.cell.2011.02.013
https://doi.org/10.1016/j.cell.2011.02.013
https://doi.org/10.1002/ijc.23192
https://doi.org/10.1007/s00432-012-1281-4
https://doi.org/10.1007/s00432-012-1281-4
https://doi.org/10.14740/wjon1069w
https://doi.org/10.14740/wjon1069w
https://doi.org/10.6061/clinics/2015(07)10
https://doi.org/10.1111/1759-7714.12838
https://doi.org/10.1111/1759-7714.12952
https://doi.org/10.1111/1759-7714.12952
https://doi.org/10.1634/theoncologist.2016-0443
https://doi.org/10.1634/theoncologist.2016-0443
https://doi.org/10.4329/wjr.v4.i4.128
https://doi.org/10.4329/wjr.v4.i4.128
https://doi.org/10.1093/annonc/mdu268
https://doi.org/10.1016/j.ejca.2008.10.026
https://doi.org/10.1016/j.ejca.2008.10.026
https://doi.org/10.1093/annonc/mds256
https://doi.org/10.1093/gerona/glu057
https://doi.org/10.1093/gerona/glu057
https://doi.org/10.1007/s00268-017-4146-9
https://doi.org/10.1007/s00268-017-4146-9
https://doi.org/10.1007/s12094-018-1999-9
https://doi.org/10.1007/s12094-018-1999-9
https://doi.org/10.1101/gad.314617
https://doi.org/10.1007/s10522-017-9682-z
https://doi.org/10.1007/s00262-012-1347-9

Clinical and Translational Oncology

25.

26.

217.

28.

29.

30.

Kiriu T, Yamamoto M, Nagano T, et al. The time-series behavior
of neutrophil-to-lymphocyte ratio is useful as a predictive marker
in non-small cell lung cancer. PLoS ONE. 2018;1:13. https://doi.
org/10.1371/journal.pone.0193018.

Khunger M, Patil PD, Khunger A, et al. Post-treatment changes
in hematological parameters predict response to nivolumab
monotherapy in non-small cell lung cancer patients. PLoS ONE.
2018;1:11. https://doi.org/10.1371/journal.pone.0197743.

Tang H, Ma H, Peng F, et al. Prognostic performance of inflam-
mation-based prognostic indices in locally advanced non-small-
lung cancer treated with endostar and concurrent chemoradio-
therapy. Mol Clin Ongol. 2016;4:801-6. https://doi.org/10.3892/
mco.2016.796.

Tong YS, Tan J, Zhou XL, et al. Systemic immune-inflammation
index predicting chemoradiation resistance and poor outcome in
patients with stage III non-small cell lung cancer. J Transl Med.
2017;15:1-10. https://doi.org/10.1186/s12967-017-1326-1.
Topkan E, Bolukbasi Y, Ozdemir Y, et al. Prognostic value of
pretreatment Glasgow prognostic score in stage IIIB geriatric
non-small cell lung cancer patients undergoing radical chemora-
diotherapy. J Geriat Oncol. 2018;10(4):567-72.

Nakaya A, Kurata T, Yoshioka H, et al. Neutrophil - to - lym-
phocyte ratio as an early marker of outcomes in patients with
advanced non - small - cell lung cancer treated with nivolumab.

@ Springer

31.

32.

33.

34.

Int J Clin Oncol. 2018;23:634-40. https://doi.org/10.1007/s1014
7-018-1250-2.

Putzu C, Cortinovis DL, Colonese F, et al. Blood cell count
indexes as predictors of outcomes in advanced non-small-cell lung
cancer patients treated with nivolumab. Cancer Immunol Immu-
nother. 2018;67:1-5. https://doi.org/10.1007/s00262-018-2182-4.
Kang KH, Efird JT, Sharma N, et al. Prognostic potential of neu-
trophil-to-lymphocyte ratio and lymphocyte nadir in stage III non-
small-cell lung cancer. Futur Oncol. 2017. https://doi.org/10.2217/
fon-2017-0045.

Templeton AJ, Mcnamara MG, §eruga B, et al. Prognostic role
of neutrophil-to-lymphocyte ratio in solid tumors. Syst Rev Meta
Anal. 2014;106:1. https://doi.org/10.1093/jnci/djul24.

Fei Xu, Pengliang Xu, Cui W, et al. Neutrophil-to-lymphocyte and
platelet-to-lymphocyte ratios may aid in identifying patients with
non-small cell lung cancer and predicting tumor-node-metastasis
stages. Oncol Lett. 2018;16:483-90. https://doi.org/10.3892/
01.2018.8644.

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1371/journal.pone.0193018
https://doi.org/10.1371/journal.pone.0193018
https://doi.org/10.1371/journal.pone.0197743
https://doi.org/10.3892/mco.2016.796
https://doi.org/10.3892/mco.2016.796
https://doi.org/10.1186/s12967-017-1326-1
https://doi.org/10.1007/s10147-018-1250-2
https://doi.org/10.1007/s10147-018-1250-2
https://doi.org/10.1007/s00262-018-2182-4
https://doi.org/10.2217/fon-2017-0045
https://doi.org/10.2217/fon-2017-0045
https://doi.org/10.1093/jnci/dju124
https://doi.org/10.3892/ol.2018.8644
https://doi.org/10.3892/ol.2018.8644

	Dynamic evaluation of neutrophil-to-lymphocyte ratio as prognostic factor in stage III non-small cell lung cancer treated with chemoradiotherapy
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Patients
	Statistical analysis

	Results
	Patients and tumor characteristics
	Impact of treatment received
	Response to treatment: relationship with dynamics of NLR
	Survival outcomes: prognostic value of dynamics of NLR

	Discussion
	Conclusions
	Acknowledgements 
	References




