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Elevated neutrophil-to-lymphocyte ratio (NLR) is associated with
poorer progression-free survival in unresectable stage III NSCLC
treated with consolidation durvalumab
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Abstract
Sustained elevation in neutrophil-to-lymphocyte ratio (NLR) after initial
chemoradiotherapy (CRT) has been shown to correlate with worse prognosis in a
number of solid organ malignancies. Here, we conducted a retrospective observational
cohort study involving six sites across Sydney, Australia, including all patients with
unresectable stage III NSCLC treated with CRT and consolidation durvalumab
between January 2018 and September 2021. Patients had NLR collected prior to CRT
and prior to cycle one of durvalumab. We used an NLR value of 3 to stratify patients
into high and low groups. Patients with sustained NLR were defined as those with
values ≥3 at both timepoints. A total of 145 patients were included in the study. The
median age of patients was 66 years with median follow-up of 15.1 months. The
median PFS was 17.6 months in the pre-CRT NLR high cohort and not reached
(NR) in the pre-CRT NLR low cohort (HR 1.99; p = 0.01). The median OS was
35.5 months in the high pre-CRT NLR cohort compared with 42.0 months in the low
pre-CRT NLR cohort (HR 2.62; 95% CI: 1.23–5.56, p < 0.01). Median PFS for sus-
tained NLR elevation was 17.1 months versus NR (HR 1.5; p < 0.01). Pre-CRT NLR
and sustained NLR remained independently prognostic for PFS on multivariate analy-
sis (p = 0.04, p = 0.01) respectively. Pre-CRT NLR and sustained NLR is associated
with worse PFS outcomes in unresectable stage III NSCLC treated with CRT and
durvalumab. Pre-CRT NLR is also associated with worse OS.

INTRODUCTION

Stage III non-small cell lung cancer (NSCLC) accounts for
up to one third of all NSCLC diagnosis at initial presenta-
tion and there are limited prognostic tools to determine the
outcome.1 Tumor development, progression and metastasis
are thought to be affected by host inflammation and the
tumor microenvironment immune response.2 In previous
studies, lymphocytes have been shown to play a critical role
in tumor surveillance and can control cytotoxicity and
induce apoptosis.3 Neutrophils have also been shown to
affect the immune response by dampening the response of

lymphocytes, T cells and natural killer cells.4 As a result of
these factors, the neutrophil-to-lymphocyte ratio (NLR) has
been investigated as a marker of inflammation and has been
demonstrated to be reflective of poorer outcome in patients
with NSCLC.5–7 Currently, there is no established reference
range for NLR in clinical practice. A number of studies have
used a NLR of 3 to stratify high and low risk patients.8,9

Further, dynamic changes in NLR have been investigated in
other solid organ malignancies, with results suggesting that
sustained NLR during and after initial chemotherapy is
associated with poorer survival outcomes.10,11 This has not
previously been demonstrated in the NSCLC setting. Hence,
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this study aims to determine the prognostic utility of base-
line and dynamic changes in NLR in unresectable stage III
NSCLC patients treated with CRT followed by consolidation
durvalumab.

METHODS

This was a retrospective observational cohort study, involv-
ing six centers in New South Wales, Australia. All patients

T A B L E 1 Baseline patient characteristics

Total cohort Pre-CRT NLR ≥ 3 Pre-CRT NLR < 3

N 145 57 88

Age (mean, range) (years) 66 (46–84) 67 (46–84) 68 (47–83)

Gender

Male 91 (63%) 32 (56%) 59 (67%)

Female 54 (37%) 25 (44%) 29 (33%)

Performance status

ECOG 0 78 (54%) 35 (61%) 43 (49%)

ECOG 1 60 (41%) 20 (35%) 40 (45%)

ECOG 2 7 (5%) 2 (4%) 5 (6%)

Smoking status

Never-smoker 21 (4%) 11 (19%) 10 (11%)

Current/ex-smoker 124 (86%) 46 (81%) 78 (89%)

Pack years (mean, range) 38 (0–112) 38 (0–112) 40 (0–100)

Histology

Adenocarcinoma 84 (58%) 34 (60%) 50 (57%)

Squamous cell carcinoma 45 (31%) 17 (30%) 28 (32%)

Other 16 (11%) 6 (10%) 10 (11%)

Stage

IIIA 79 (54%) 31 (54%) 48 (55%)

IIIB 52 (36%) 25 (44%) 27 (31%)

IIIC 4 (3%) 1 (1%) 3 (3%)

Chemotherapy regimen

Cisplatin/etoposide 54 (37%) 22 (39%) 32 (36%)

Carboplatin/paclitaxel 91 (63%) 35 (61%) 56 (64%)

Best response to CRT

Stable disease 33 (23%) 15 (26%) 18 (20%)

Partial response 109 (75%) 42 (74%) 67 (76%)

Complete response 3 (2%) 0 (0%) 3 (3%)

Comorbidities

Cardiovascular disease 95 (66%) 34 (60%) 61 (69%)

Respiratory disease 55 (38%) 23 (40%) 32 (37%)

Autoimmune disease 0 (0%) 0 (0%) 0 (0%)

PD-L1 (%)

<1% 43 (30%) 14 (25%) 29 (33%)

>1% 76 (52%) 36 (63%) 40 (45%)

Unknown 26 (18%) 7 (12%) 19 (22%)

Death or progression

Death 30 (20%) 16 (28%) 14 (10%)

Progression 54 (37%) 28 (49%) 26 (30%)

EGFR mutation status

EGFR mutant 15 (10%) 8 (14%) 7 (8%)

EGFR wild type 130 (90%) 49 (86%) 81 (92%)

Abbreviation: CRT, chemoradiotherapy.
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had unresectable stage III NSCLC as determined by the
AJCC TNM eighth edition12 and were treated with chemor-
adiation (CRT) and at least one cycle of durvalumab from
January 2018 to September 2021. All sites obtained local eth-
ical board review for participating in the study. Baseline
NLR was obtained prior to the first cycle of CRT and prior
to the first cycle of consolidation durvalumab.

Progression-free survival (PFS) was measured from the
date of CRT completion to the date of recurrence or pro-
gression or last follow up. Overall survival (OS) was mea-
sured from the date of completion of CRT to date of death
or last known follow up. NLR is calculated by the absolute
neutrophil count divided by the absolute lymphocyte count.
Based on previous studies,8,13 we used a threshold ratio of
3 to define high and low NLR. Sustained NLR was defined
as NLR ≥ 3 in both pre-CRT and predurvalumab blood
tests.

Kaplan–Meier survival curves were generated to evaluate
PFS and OS across treatment groups, and the log-rank test
was used for subgroup comparisons. Cox proportional hazards
regression models were used to estimate hazard ratios for PFS.
The proportional hazards assumption was confirmed for all
Cox models. Multivariate analysis was conducted using
parameters of age (≥65 years vs. <65 years), tumor histopa-
thology (adenocarcinoma vs. squamous), smoking status
(never-smoker vs. current or ex-smoker), programmed death-
ligand 1 (PD-L1) tumor proportion score (TPS) (<1%
vs. ≥1%), EGFR mutation status (mutated vs. nonmutated),
cardiovascular disease (presence vs. absence of disease) and
chronic respiratory disease (presence vs. absence of disease).
All statistical analyses were performed using R version 4.1.1.

RESULTS

Patient characteristics

In total, 145 patients received at least one cycle of durvalumab.
The median age of the patients was 66 years and 63% were
male. The median follow-up from the start of durvalumab was
15.1 months. Baseline characteristics are summarized in
Table 1. A total of 54% (n = 78) of patients were ECOG 0, and
58% (n = 84) had histologically confirmed adenocarcinoma
and 54% (n = 79) had stage IIIA disease. All patients had at
least stable disease in response to CRT with 75% (n = 109)
showing partial response. All but four patients received a stan-
dardized radiotherapy dose of 60 Gray over 30 fractions, and
52% (n = 76) had PD-L1 TPS expression of greater than 1%.
At the time of data censoring, 37% of included patients
(n = 54) had disease progression and 20% (n = 30) had died.

Survival analysis for pre-CRT or predurvalumab
neutrophil-to-lymphocyte ratio

The median pre-CRT NLR was 2.65 (range: 0.16–50.3). At the
time of data censoring, in the high pre-CRT NLR cohort, 49%
(n = 28) had disease progression compared with 30% (n = 26)
in the low pre-CRT NLR group (p = 0.02). A high pre-CRT
NLR was predictive for worse OS and PFS as demonstrated in
Figure 1. The median PFS was 17.6 months in the high pre-
CRT NLR cohort and not reached (NR) in the low pre-CRT
NLR cohort (HR 1.99; 95% CI: 1.16–3.41, p = 0.01). The
median OS was 35.5 months in the high pre-CRT NLR cohort

F I G U R E 1 Progression-free survival using pre-CRT NLR
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compared with 42.0 months in the low pre-CRT NLR cohort
(HR 2.62; 95% CI: 1.23–5.56, p < 0.01). On multivariate analy-
sis, high pre-CRT NLR remained statistically significant for
reduced PFS (HR 1.9, 95% CI: 1.02–3.48, p = 0.04) and OS
(H 2.4, 95% CI: 1.17–5.11, p = 0.02) (Tables 1 and 2 in the
supplementary appendix). The median predurvalumab NLR
was 3.55. High predurvalumab NLR was not associated to cor-
relate with either PFS or OS.

Survival analysis for sustained NLR elevation

A total of 88 patients had appropriate blood tests at both
timepoints to be included in the analysis, and 38 (43%) had
sustained elevation in NLR at both pre-CRT and predurvalu-
mab time points. Patients who had sustained high NLR had
significant reduced PFS (HR 1.5, 95% CI: 1.1–2.2, p = 0.01)
(Figure 2). PFS remained statistically significant for sustained
high NLR on multivariate analysis (PFS HR for sustained NLR
1.69, 95% CI: 1.11–2.56, p = 0.01) (Table 3 in the supplemen-
tary appendix). OS for sustained NLR was not found to be sta-
tistically significant (p = 0.21). Additionally, when patients
were stratified based on response to CRT or type of chemo-
therapy used during CRT, no survival differences were noted,
suggesting that NLR is an independent prognostic marker.

DISCUSSION

Our study demonstrates that NLR can be a simple prognos-
tic indicator in patients with unresectable stage III NSCLC.

A NLR threshold of 3 has been investigated in a number of
trials in NSCLC to differentiate high and low risk patients.
A recent example of this can be seen in a study which inves-
tigated the role of NLR in patients with stage IV disease with
brain metastasis and found that pretreatment NLR ≥3 corre-
lated with worsened overall survival.8 The first data in the
stage III NSCLC setting was published by Wang et al. who
also investigated the baseline prechemoradiotherapy NLR
for patients treated with consolidation durvalumab. Apply-
ing a threshold of 3, they found that the median PFS was
17.1 months in the low NLR group compared with 12.9 in
the high NLR group.9 This result was not found to be statis-
tically significant (HR 1.38; 95% CI: 0.65–2.89; p = 0.4).
However, only 51 patients were included in the analysis.
Our study adds to this data with a larger patient cohort and
demonstrates a statistically significant association between
pre-CRT NLR and progression-free survival outcomes. Our
study demonstrates that the pre-CRT NLR acts as an inde-
pendent marker of survival outcomes when accounting for
confounders such as EGFR mutation status, PD-L1 TPS and
presence of comorbidities. This has not been previously
demonstrated in the literature. Our data set also demon-
strated that pre-CRT NLR was also an independent predic-
tor for OS, despite a short median follow up of 15.1 months.

To our knowledge, this is also the first report on the
association between NLR dynamics with progression-free
survival outcomes following chemoradiotherapy for unre-
sectable stage III NSCLC. This complements existing data
from stage IV NSCLC,14 mesothelioma,15 gastrointestinal10

and breast cancers.11 Data from breast cancer patients
undergoing treatment demonstrate that reduction in NLR

F I G U R E 2 Progression-free survival based on sustained NLR
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following treatment improve both PFS and OS, with sus-
tained elevations in NLR throughout treatment conferring
worse prognosis. Similar findings were demonstrated in a
population of patients with cholangiocarcinoma.10 In the
thoracic oncology space, Kao et al. demonstrated that after
one cycle of chemotherapy, those with persistently abnormal
NLR had worse survival outcomes compared with their
counterparts.15 It has been postulated that NLR act as
markers of inflammation, which may reflect more aggressive
tumor biology, or diminish the efficacy of systemic thera-
pies.16 Surrogates for inflammation are incorporated into
widely used risk scores such as the International Metastatic
Renal Cell Carcinoma Database Consortium (IMDC) prog-
nostic model,17 and various studies have linked raised
C-reactive protein (CRP), cross-linked fibrin degradation
products (D-dimer), lactate dehydrogenase (LDH) and
decreased serum albumin poorer prognosis in a range of
cancers.18

In conclusion, our study demonstrates that baseline and
dynamic changes in NLR is of prognostic significance in the
unresectable stage III NSCLC cohort treated with consolida-
tion durvalumab. This data gives clinicians another tool in
predicting the prognosis of this large patient cohort. The
NLR can be possibly used to help stratify higher risk patients
who are more likely to progress early and hence may war-
rant increased surveillance. Furthermore, the NLR could be
used to identify higher risk patients for future clinical trial
eligibility and early screening. Further investigation of this is
warranted in a prospective setting to continue to develop
prognostic markers of progression and overall survival in
unresectable stage III NSCLC.
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