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ABSTRACT

Introduction: Immune checkpoint inhibitors
have provided substantial benefit in non-small cell
lung cancer (NSCLC) with unprecedented results in
terms of survival. However, the identification of

reliable predictive biomarkers to these agents is
lacking and multiple clinicopathological factors
have been evaluated. The aim of this study was to
analyze the potential role of neutrophil-to-lympho-
cyte ratio (NLR), platelet-to-lymphocyte ratio (PLR),
and lactate dehydrogenase (LDH) levels in patients
with pretreated NSCLC receiving nivolumab.
Methods: This was a retrospective multicenter
study involving 14 Italian centers, evaluating the
role of some laboratory results in patients with
NSCLC treated with nivolumab in the second or
later lines of therapy for at least four doses and
with a disease re-staging.
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Results: A total of 187 patients with available
pretreatment laboratory results were included.
NLR levels below 5 were associated with an
improvement in terms of both progression-free
survival (PFS) (p = 0.028) and overall survival
(OS) (p = 0.001), but not in terms of overall
response rate (ORR) ordisease control rate (DCR).
Moreover, PLR levels below 200 were associated
with longer PFS (p = 0.0267) andOS (p = 0.05), as
well as higher ORR (p = 0.04) and DCR
(p = 0.001). In contrast, LDH levels above the
upper normal limit (UNL) were not associated
with significant impact on patient outcomes.
Conclusions: Patients with pretreated NSCLC
and high pretreatment levels of NLR and PLR
may experience inferior outcomes with nivolu-
mab. Therefore, in this subgroup of patients with
poor prognosis the use of alternative therapeutic
strategies may be a valuable option, especially in
programmed cell death ligand 1 (PD-L1)-nega-
tive patients and/or in the presence of other
additional poor prognostic factors.

Keywords: LDH; Nivolumab; NLR; NSCLC; PD-
1; PD-L1; PLR; Prognosis

Abbreviations
AJCC American Joint Committee on Cancer
CR Complete response
DCR Disease control rate

dNLR Derivedneutrophil-to-lymphocyte ratio
ECOG Eastern Cooperative Oncology Group
HR Hazard ratio
IHC Immunohistochemistry
iSEND Immunotherapy, sex, ECOG PS,

neutrophil-to-lymphocyte ratio, and
delta NLR model

LDH Lactate dehydrogenase
NLR Neutrophil-to-lymphocyte ratio
NSCLC Non-small cell lung cancer
ORR Overall response rate
OS Overall survival
PD-1 Programmed cell death 1
PD-L1 Programmed cell death ligand 1
PD Progressive disease
PFS Progression-free survival
PLR Platelet-to-lymphocyte ratio
PR Partial response
PS Performance status
Pts Patients
SD Stable disease
TNM Tumor, node, metastasis
UNL Upper normal limit

Key Summary Points

Why carry out this study?

To identify potential prognostic and
predictive biomarkers for nivolumab in
unselected patients with pretreated non-
small cell lung cancer (NSCLC).

What was learned from the study?

This study showed that pretreatment
levels of some easy to determine serum
biomarkers, such as neutrophil-to-
lymphocyte ratio (NLR) and platelet-to-
lymphocyte ratio (PLR), are associated
with outcome in patients with NSCLC
treated with nivolumab.

High NLR levels (C 5) at baseline are
associated with shorter progression-free
survival (PFS) and overall survival (OS).

High PLR levels (C 200) at baseline are
associated with shorter PFS and OS, as well
as lower overall response rate and disease
control rate.
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INTRODUCTION

The therapeutic landscape of advanced/meta-
static non-small cell lung cancer (NSCLC) has
been recently revolutionized with the clinical
introduction of immune checkpoint inhibitors
(ICIs) targeting the programmed cell death 1
(PD-1)/programmed cell death 1 ligand (PD-L1)
axis with unprecedented results in terms of
overall survival in different clinical settings
[1, 2]. Nivolumab is a therapeutic option in
patients with NSCLC progressing after plat-
inum-based chemotherapy in both squamous
and non-squamous histology, independently of
PD-L1 expression [3, 4]. Immunotherapy has
the notorious ability to induce highly durable
tumor responses [5] and NSCLC is not an
exception, with reported 3-year survival rates of
17% in the two pivotal trials with nivolumab in
pretreated NSCLCs [6]. Therefore, the identifi-
cation of predictive biomarkers is crucial for the
optimal selection of patient candidates for sec-
ond-line therapy. However, there are no cur-
rently approved predictive biomarkers for
nivolumab in NSCLC and the role of immuno-
histochemical (IHC) expression of PD-L1, used
as selection criteria for pembrolizumab in both
first- and second-line therapy [7, 8], is contro-
versial. Hence, there is still a high unmet med-
ical need and novel additional clinical and
biomolecular parameters allowing proper
patient selection are eagerly awaited.

Inflammation is an established hallmark of
cancer and has a central role in tumor promo-
tion and progression [9]. Multiple markers of
systemic inflammation have been correlated
with poor outcome in multiple solid tumors,
including NSCLC, and recently some authors
have suggested a possible predictive role of
peripheral markers of inflammation in patients
with NSCLC treated with nivolumab [10–16].
Furthermore, some studies have also reported
poorer outcomes in patients with baseline lac-
tate dehydrogenase (LDH) levels [15], a known
poor prognostic marker in solid tumors, with a
well-established role in malignant melanoma.
However, most of these studies were conducted
in small cohorts of patients and/or in single
Institutions.

Herein, we analyzed the potential role of
neutrophil-to-lymphocyte ratio (NLR), platelet-
to-lymphocyte ratio (PLR), and LDH levels in a
large, retrospective, multi-institutional study
conducted in 14 Italian oncology centers in
patients with advanced pretreated NSCLC
receiving nivolumab as second or subsequent
line of therapy for at least four administrations.

METHODS

This was a retrospective multicenter study
involving 14 Italian oncology centers, evaluat-
ing the role of clinicopathological, laboratory,
and radiological characteristics of patients with
NSCLC treated with nivolumab in second or
later lines of therapy. All patients consented to
an institutional review board-approved proto-
col. The trial protocol was previously approved
by the Ethics Committee of the coordinating
center (Campus Bio-Medico University of
Rome) on 2 March 2018 (approval no. 23/18
OSS ComEt CBM) and all the patients provided
written informed consent before enrollment.
The study was conducted in accordance with
the Declaration of Helsinki.

Inclusion criteria were as follows: age over
18 years; cytological and/or pathological con-
firmed NSCLC; stage IIIB or IV (recurrent or
metastatic) according to TNM (tumor, node,
metastasis) American Joint Committee on
Cancer (AJCC) version VIII; treatment with
nivolumab as monotherapy after at least one
previous line of therapy for advanced disease; at
least four doses of therapy and a disease re-
staging. Radiographic assessment was made
locally according to the RECIST 1.1 criteria and
only patients with measurable disease were
included. All patients were treated with nivo-
lumab at the dose of 3 mg/kg i.v. every 2 weeks
until disease progression or unacceptable toxic-
ity. The treatment period under analysis was
from April 2015 to May 31, 2018 (data collec-
tion closing date).

Patients with available baseline laboratory
results (absolute neutrophil count, absolute
lymphocyte count, platelet count, and LDH)
within 30 days before the first course of
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nivolumab were included in the present analy-
sis (Fig. 1).

NLR was calculated by dividing absolute
neutrophil counts by lymphocyte counts, while
PLR was calculated by dividing thrombocyte
counts by lymphocyte counts. Patients were
dichotomized according to pre-specified cutoff
values of NLR C 5 vs. NLR\ 5 and PLR C 200
vs.\ 200, which have been previously validated
[10, 12–14]. LDH levels over the upper normal
limit (UNL) were considered high [15, 16].

Categorical variables were compared using
chi-square or Fisher’s exact test. Overall survival
(OS) was defined as time from nivolumab start
to death and progression-free survival (PFS) as
time from treatment start to progressive disease
(PD) or death from any cause. OS and PFS were
estimated using the Kaplan–Meier method.
Survival curves were compared using the log-
rank test. To estimate the hazard ratio (HR), Cox
regression analysis was used. Overall response
rate (ORR) was defined as the sum of partial
response (PR) and complete response (CR),
while disease control rate (DCR) was calculated
as the sum of ORR and stable disease (SD).
Multivariate analysis for the most significant
variables was performed using the Cox model.
Analyses were carried out using R version 3.3.3
(R Foundation for Statistical Computing,
Vienna, Austria) and SPSS software

Fig. 1 Flowchart of study selection process

Table 1 Patients characteristics at baseline

Characteristics Study cohort (n = 187)

Age (years)

Median 67

Range 34–83

Sex, no. (%)

Male 137 (73.3%)

Female 50 (26.7%)

Smoking status, no. (%)

Current/former smokers 163 (90.1%)

Never smokers 18 (9.9%)

Histology, no. (%)

Squamous 86 (46%)

Non-squamous 101 (54%)

EGFR mutational status, no. (%)

Unknown 71 (38%)

EGFR mutated 4 (2.1%)

EGFR wild type 112 (59.9%)

ALK rearrangements, no. (%)

Unknown 80 (42.8%)

ALK rearranged 1 (0.5%)

ALK not rearranged 106 (56.7%)

PD-L1 IHC status, no. (%)

Unknown 171 (92%)

PD-L1\ 1% 3 (1.6%)

PD-L1 1–49% 9 (4.8%)

PD-L1 C 50% 3 (1.6%)

ECOG PS, no. (%)

0 85 (45.5%

1 95 (50.8%)

2 7 (3.7%)

Line(s) of treatment

Median 2

Range 2–8
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(version 20.00, SPSS, Chicago, IL). Statistical
significance was assumed if p\ 0.05.

RESULTS

A total of 187 patients with available pretreat-
ment laboratory results were included in the
present study. Characteristics of patients can be
seen in Table 1.

Median age was 67 years (range 34–83) and
there was a higher proportion of male patients
(73.3%) and current/former smokers (90.1%).
Patients had mostly an ECOG performance sta-
tus (PS) between 0 and 1, with only a small
portion of patients having an ECOG PS 2
(3.7%). PD-L1 status, as determined by IHC, was
known in only a small proportion of patients
(8%). All patients had received at least one
previous treatment line. Nivolumab was used as
second-line therapy in 70% of patients. Median
number of metastatic sites at baseline was 2,

with 41.8% of patients having three or more
metastatic sites.

Treatment was discontinued because of
adverse events temporarily and permanently in
22 and 14 patients, respectively.

Activity of nivolumab in the study popula-
tion is listed in Table 2.

Median PFS and OS in the study population
were 7.0 months (95% CI 6.0–10.0) (Fig. 2a) and
13.0 months (95% CI 11.0–16.0) (Fig. 2b),
respectively.

Low NLR levels (NLR\5) were associated
with a statistically significant improvement in
terms of both PFS (7.0 vs. 4.0 months, HR 0.64;
p = 0.028) and OS (15.0 vs. 6.0 months, HR
0.48; p = 0.001) (Fig. 3), but not in terms of ORR
or DCR (Table 3) compared with high NLR val-
ues (NLR C 5).

Fig. 2 Kaplan–Meier curves for PFS (a) and OS (b) in the
study population

Table 2 Nivolumab activity in the study population

Type of response, no. (%)

Complete response (CR) 0 (0%)

Partial response (PR) 67 (35.8%)

Stable disease (SD) 59 (31.6%)

Progressive disease (PD) 61 (32.6%)

Objective response rate (ORR) (%) 35.8%

Disease control rate (DCR) (%) 67.4%

Time to response, months

Median 2

Range 1–17

Progression-free survival (PFS), months

Median 7.0

CI 95% 6.0–10.0

Overall survival (OS), months

Median 13.0

CI 95% 11.0–16.0
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Moreover, PLR levels below 200 were associ-
ated with longer PFS (7.0 vs. 4.0 months, HR
0.67; p = 0.0267) and OS (15.0 vs. 11.0 months,
HR 0.66; p = 0.05) (Fig. 4), as well as higher ORR
(p = 0.04) and DCR (p = 0.001) (Table 3). The
negative impact of high NLR and PLR levels on
OS was confirmed in both univariate and mul-
tivariate analyses (Table 4).

Finally, we analyzed LDH levels in a pro-
portion of patients with available data (108/187
patients). LDH levels above UNL (upper limit
normal) were not associated with significant
differences either in PFS (7.0 vs. 8.0 months, HR
0.95; p = 0.84) or in OS (15.0 vs. 14.0 months,
HR 0.86; p = 0.582) (Fig. 5). In addition, no
differences were observed in ORR and DCR
(Table 3) between the two subgroups of
patients.

DISCUSSION

Immune checkpoint inhibitors have provided
substantial benefit in NSCLC with unprece-
dented results in terms of overall survival in
both first- and second-line therapy. However,
the identification of reliable predictive
biomarkers for these agents is lacking and
multiple clinicopathological factors have been
evaluated to date [17].

Lymphocytes play a central role in the action
of anti-PD-1/PD-L1 agents and their activation
and intratumor invasion are necessary for anti-
tumor immune response reactivation. However,
the immune response is the results of multiple
interactions between T cells and other regula-
tory cells, including neutrophils, and they are
critical in forming the immune environment.
Indeed, neutrophils have recently proved to
play pleiotropic actions in cancer–immunity
interactions, generating an immunosuppressive
environment through the production of
chemokines and cytokines that are involved in
complex cross talk with other immune cells
[13, 16]. Given their peculiar mechanism of
action, alterations in the relative proportion of
peripheral blood leukocytes may influence the
efficacy of ICIs.

Inflammation is an established hallmark of
cancer and plays a central role in tumor pro-
motion and progression [9]. Therefore, it is not
surprisingly that multiple markers of systemic
inflammation have been correlated with poor
outcome in multiple solid tumors, including
NSCLC.

Neutrophils dominate the immune land-
scape of NSCLC and, in addition to the well-
known role in host defense, have been recently
associated with important and significant
actions in tumor biology with both anti- (N1
phenotype) and pro-tumor (N2 phenotype)
functions, probably in a context-dependent
fashion [18–20].

Neutrophil-to-lymphocyte ratio (NLR) is a
marker of chronic inflammation and reflects the
alterations in the peripheral blood leukocytes
associated with inflammation. This marker has
been extensively associated with poor outcomes
in NSCLC and other solid tumors in the pre-

Fig. 3 Kaplan–Meier curves for PFS (a) and OS (b) ac-
cording to NLR levels
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immunotherapy era and, more recently, it has
been associated with poor outcomes in patients
with pretreated NSCLC undergoing nivolumab

therapy with different cutoff values
[10, 13, 14, 21]. Moreover, some studies have
reported a potential predictive role for changes
of NLR levels during treatment with nivolumab
[12, 22, 23], suggesting that treatment with
anti-PD-1/PD-L1 agents may be associated with
a broad spectrum of changes in the immune
microenvironment of the tumor, leading to
decrease in the neutrophil count and increase in
the lymphocyte count in responding patients.
Other authors, in order to limit the possible
interaction of other confounding factors,
developed a predictive model (iSEND) that
included sex, ECOG PS, NLR levels (C 5 or\5),
and delta NLR (calculated with NLR at baseline
and before the second course of nivolumab)
[24], showing that patients within the poor risk
group (iSEND poor) were significantly associ-
ated with progressive disease. In addition, other
authors have evaluated the derived neutrophil-
to-lymphocyte ratio (dNLR), a novel parameter
that includes, in addition to absolute neu-
trophil count, other granulocyte populations,
reporting a poorer outcome with nivolumab in
patients with high dNLR values (dNLR C 3)
[11, 15].

Here, we confirmed, in a large multicenter
cohort, the negative predictive role of high
baseline NLR (NLR C 5) in patients treated with
nivolumab, with a shorter PFS (p = 0.03) and OS
(p = 0.001) and a trend towards a decreased
DCR (p = 0.06) compared to patients with low
baseline NLR levels (NLR\5). High NLR levels
may therefore be the result of an increase in
neutrophil-dependent inflammation as well as
reduced lymphocyte activity and infiltration,
determining a weaker lymphocyte-mediated
immune response and subsequent poor
response to ICIs [14]. These data suggest that
pretreatment evaluation of NLR levels may be
useful in the decision-making of unselected
patient candidates for second-line therapy in
NSCLC.

Baseline platelet-to-lymphocyte ratio (PLR)
levels have been correlated with poor prognosis
in several solid tumors, including NSCLC [25].
Recently this hematologic parameter has been
evaluated in small retrospective studies also in
patients with NSCLC treated with nivolumab.
Using different cutoff values (PLR C 160 and

Fig. 4 Kaplan–Meier curves for PFS (a) and OS (b) ac-
cording to PLR levels

Table 3 Overall response rate (ORR) and disease control
rate (DCR) according to NLR, PLR, and LDH levels

ORR (%) p value DCR (%) p value

NLR\ 5 38.1 0.16 70.3 0.06

NLR C 5 25.0 53.1

PLR\ 200 40.1 0.04 74.2 0.001

PLR C 200 24.1 50.0

LDH normal 30.6 0.58 67.3 0.21

LDH high 35.6 78.0
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C 200, respectively), some authors did not find
any statistically significant difference in terms
of OS or ORR between patients with NSCLC
treated with nivolumab with high pretreatment
levels compared with those with low PLR values
[11, 14]. In contrast, Diem et al. subdivided
patients into three groups, according to PLR
tertiles (PLR\193, PLR 193–328, and PLR[
328), and showed that patients with higher PLR
values had worse OS and ORR [26]. Here, we
demonstrated that a pretreatment PLR level of
200 or above is associated with a statistically
significant worse PFS (p = 0.03) and OS
(p = 0.05), as well as a decreased response
(p = 0.04) and disease control (p = 0.001) with
nivolumab. After multivariate analysis, high
NLR and high PLR remained significantly asso-
ciated with poorer OS (p = 0.005 and p = 0.023,
respectively), suggesting that their negative
prognostic impact is independent of other
clinical variables, such as age, sex, histology,
and previous radiotherapy exposure.

Finally, we evaluated the possible correlation
between lactate dehydrogenase (LDH) levels
and the outcome of patients treated with nivo-
lumab, dichotomizing our cohort into two
subgroups according to LDH values at the UNL
or above vs. values below the UNL. LDH is a
marker of inflammation and tumor burden in
patients with solid tumors. Recently, some

Table 4 Univariate and multivariate Cox proportional hazards regression analysis for overall survival

Overall survival

Univariate Multivariate

HR 95% CI p HR 95% CI p

Age 0.995 0.971–1.019 0.666 1.009 0.982–1.037 0.508

Sex 1.311 0.827–2.079 0.249 1.643 0.990–2.727 0.055

Histology 0.925 0.678–1.261 0.621 1.063 0.767–1.474 0.713

Previous radiotherapy 1.341 0.892–2.017 0.159 1.265 0.836–1.913 0.267

ECOG PS 1.554 1.045–2.309 0.029 1.443 0.962–2.166 0.076

NLR 0.48 0.296–0.760 0.001 0.488 0.297–0.803 0.005

PLR 0.664 0.434–1.018 0.052 0.520 0.296–0.913 0.023

HR hazard ratio, CI confidence interval, ECOG Eastern Cooperative Oncology Group, PS performance status, NLR
neutrophil-to-lymphocyte ratio, PLR platelet-to-lymphocyte ratio

Fig. 5 Kaplan–Meier curves for PFS (a) and OS (b) ac-
cording to LDH levels
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authors reported inferior outcomes in patients
with NSCLC and high LDH levels treated with
nivolumab [15, 16]. However, in the present
study we did not find any statistical difference
between patients with high vs. low/normal LDH
levels in terms of PFS (p = 0.84) or OS
(p = 0.582), likely due to the small sample size
(pretreated LDH levels available only in 108/187
patients).

We are aware of the limitations of our study.
First, the retrospective nature of this analysis
that may have introduced potential bias and
confounding factors. However, we included all
consecutive patients with NSCLC treated with
nivolumab, limiting the potential bias of selec-
tion inherent in this type of analyses. Second,
we included only patients treated with nivolu-
mab for at least four administrations of therapy
and at least a radiological evaluation or, in the
case of treatment discontinuation for AEs dur-
ing the first four doses of therapy, at least a
radiological evaluation. Therefore, all patients
who died before the first disease re-staging were
excluded from the study in order to limit other
confounding factors that may have contributed
to the poor prognosis of these patients and to
allow a better characterization of nivolumab
efficacy according to clinicopathological char-
acteristics of patients. Finally, the IHC status of
PD-L1 was largely unknown (approx. 90%),
since PD-L1 testing was not performed as rou-
tine clinical practice at the time of treatment of
most of the patients included.

CONCLUSIONS

These routine available peripheral blood mark-
ers of inflammation, if validated in large
prospective studies, may be an attractive bio-
marker that can be easily and quickly integrated
into clinical practice, without additional costs,
and may help clinical decision-making. In
conclusion, patients with pretreated NSCLC
and high pretreatment levels of NLR (C 5) and
PLR (C 200) may experience inferior outcomes
when treated with nivolumab. Therefore, in this
subgroup of patients with poor prognosis the
use of alternative therapeutic strategies, such as
the combination docetaxel/nintedanib or

docetaxel/ramucirumab, may be a valuable
option, especially in the case of negative PD-L1
expression and/or the presence of other addi-
tional poor prognostic factors (such as high
tumor burden, liver and bone metastases, two
or more previous lines of therapy, ECOG PS C 1,
never smoking status, and oncogene-addicted
tumors) [27].
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