
Article

ROC Analysis Identifies Baseline and Dynamic NLR
and dNLR Cut-Offs to Predict ICI Outcome in 402
Advanced NSCLC Patients

Simona Carnio 1 , Annapaola Mariniello 1,* , Pamela Pizzutilo 2, Gianmauro Numico 3 ,
Gloria Borra 4, Alice Lunghi 5, Hector Soto Parra 6, Roberta Buosi 7, Tiziana Vavalà 8,
Ilaria Stura 9 , Silvia Genestroni 4, Alessandra Alemanni 10, Francesca Arizio 10,
Annamaria Catino 2, Michele Montrone 2, Fabrizio Tabbò 1, Domenico Galetta 2 ,
Giuseppe Migliaretti 9 and Silvia Novello 1

1 Department of Oncology, San Luigi Gonzaga Hospital, University of Turin, 10043 Orbassano, Italy;
simona.carnio@libero.it (S.C.); fabrizio.tabbo@gmail.com (F.T.); silvia.novello@unito.it (S.N.)

2 Clinical Cancer Center “Giovanni Paolo II”, 70124 Bari, Italy; pamela.pizzutilo@gmail.com (P.P.);
annamaria.catino@gmail.com (A.C.); m.montrone@oncologico.bari.it (M.M.);
galetta@oncologico.bari.it (D.G.)

3 Oncology Unit, Alessandria Hospital, 15121 Alessandria, Italy; gianmauro.numico@ospedale.al.it
4 Company Hospital-University Major of Charity of Novara, 28100 Novara, Italy; gloria.borra@libero.it (G.B.);

silvia.genestroni@maggioreosp.novara.it (S.G.)
5 Department of Oncology, Division of Oncology, S. Luca Hospital, 55100 Lucca, Italy; lunghi.alice@gmail.com
6 Medical Oncology Unit, AOU Policlinico-Vittorio Emanuele, 95123 Catania, Italy; hsotoparra@yahoo.it
7 Department of Medical Oncology, Santo Spirito Hospital, 15033 Casale Monferrato, Italy; r.buosi@libero.it
8 SC of Oncology Ospedale Civile di Saluzzo, ASL CN1, 12037 Saluzzo, Italy; tvavala@gmail.com
9 Department of Public Health and Pediatric Sciences, School of Medicine, University of Turin,

10126 Torino, Italy; ilaria.stura@unito.it (I.S.); giuseppe.migliaretti@unito.it (G.M.)
10 Clinical Trials Unit of Department of Oncology, San Luigi Gonzaga Hospital, University of Turin,

10043 Orbassano, Italy; alemanni.alessandra@gmail.com (A.A.); francesca.arizio@unito.it (F.A.)
* Correspondence: annapaola.mariniello@gmail.com

Received: 4 August 2020; Accepted: 10 September 2020; Published: 15 September 2020
����������
�������

Abstract: Background: Neutrophil-to-Lymphocyte Ratio (NLR) and derived Neutrophils-to-(Leukocytes
minus neutrophils) Ratio (dNLR) have been proposed as possible biomarkers of response to immune
checkpoint inhibitors (ICI). However, in non-small cell lung cancer (NSCLC) studies, various NLR
and/or dNLR cut-offs have been used, manly based on previous reports on melanoma. Methods:
In this Italian multicenter retrospective study, NLR, dNLR, platelet-to-lymphocyte ratio, albumin,
and lactate dehydrogenase (LDH) were longitudinally assessed in patients with stage IV non-small cell
lung cancer (NSCLC) treated with ICI. The primary objective was to evaluate if baseline parameters
predicted response to ICI, using Receiver Operating Characteristic (ROC) curves. Secondary endpoint
was to evaluate if dynamic changing of NLR and dNLR also predicted response. Results: Data of
402 patients were collected and analyzed. Among the baseline parameters considered, NLR and
dNLR were the most appropriate biomarkers according to the ROC analyses, which also identified
meaningful cut-offs (NLR = 2.46; dNLR = 1.61). Patients with low ratios reported a significantly
improved outcome, in terms of overall survival (p = 0.0003 for NLR; p = 0.0002 for dNLR) and
progression free survival (p = 0.0004 for NLR; p = 0.005 for dNLR). The role of NLR and dNLR as
independent biomarkers of response was confirmed in the Cox regression model. When assessing
NLR and dNLR dynamics from baseline to cycle 3, a decrease ≥1.04 for NLR and ≥0.41 for dNLR also
predicted response. Conclusions in our cohort, we confirmed that NLR and dNLR, easily assessable
on peripheral blood, can predict response at baseline and early after ICI initiation. For both baseline
and dynamic assessment, we identified clinically meaningful cut-offs, using ROC curves.
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1. Introduction

Over the past decade, we have contributed to an exponential increase of therapeutic indications
for cancer immunotherapy with immune checkpoint inhibitors (ICI) in several settings and tumor
types, including non-small cell lung cancer (NSCLC).

In stage IV NSCLC, monoclonal antibodies directed against programmed death-1 (PD-1),
nivolumab and pembrolizumab, or against its ligand (PDL-1), atezolizumab, have received accelerated
approval, alone or in combination with chemotherapy, for both first and further lines of therapy [1].

Despite exciting outcomes in a large percentage of patients treated with ICIs, some of them do not
experience real clinical benefit, showing response rates ranging from 30–45%, both in second and in
first-line with anti-programmed death-ligand1 (PD-L1)/PD-1 monotherapy. [2] Poor patient selection is
likely to be mainly responsible for this incomplete success.

Up to now, the expression of PD-L1, assessed with immunohistochemistry on tumor biopsy
specimens, is the only approved predictive biomarker of response. Tumor mutational burden (TMB)
has been recommended by ESMO as a biomarker for nivolumab and ipilimumab indication; however,
the European Medicine Agency has not granted approval [1]. TMB or other alternative biomarkers,
like genomic signatures, are not part of daily practice [3,4], due to their cost and technical challenges.
Therefore, blood-based biomarkers, easily available and reproducible, could be able to further enrich
the probability of ICI success [5,6].

In this context, great attention has been dedicated to host-related biomarkers, including peripheral
neutrophil-to-lymphocyte ratio (NLR).

NLR is a well acknowledged marker of immune response to stressful stimuli, including cancer
development, and high NLR values have been related to worse prognosis in a variety of tumor
types. [7,8] Moreover, tumor shrinkage induced by anticancer treatment is usually paralleled by a
reduction of systemic inflammation, reflected in a progressive normalization of the NLR [9,10].

Most of the evidence on NLR prognostic and predictive value in cancer patients receiving ICI is
drawn from retrospective studies. [11–14] Other potential ICI biomarkers, calculated from cell blood
count, like Platelet-to-Lymphocyte ratio (PLR) and Derived Neutrophil-to Lymphocyte ratio (dNLR)
were also assessed in retrospective studies. [15,16].

It has also been shown that, besides baseline values, lymphocyte variation during treatment could
also predict ICI activity and patients’ outcome [17–22].

However, different methods have been used to assess NLR and dNLR in NSCLC, with cut-offs
based on previous reports in other settings. The resulting lack of standardization in NLR and dNLR
assessment represents a limitation for interpretation and prospective validation.

This retrospective study aimed to investigate the role of NLR, dNLR, PRL, albumin and LDH
as predictive markers of response to treatment with ICI in advanced NSCLC patients, identifying
clinically meaningful cut-off by ROC curves. Moreover, we also aimed to assessed if a decrease in NLR
and dNLR could also predict outcome to ICI.

2. Methods and Materials

2.1. Patient Selection

Medical records of patients with stage IV/recurrent NSCLC treated with ICI at eight Italian
Institutions from January 2014 to April 2018 were retrospectively retrieved, after approval by the lo cal
Ethics Committee (Comitato Etico Interaziendale AOU San Luigi Gonzaga di Orbassano), ethical code
number (protocol): 6585; date of approval: 24 April 2018.

Data from patients who received anti-PD-1 or PD-L1 as first or further line of therapy were analyzed.
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Due to the time frame of the study, none of the patients included underwent a combination of
chemo-immunotherapy approved thereafter [1].

Baseline patient characteristics, including clinical history, clinic-pathological data and PD-L1
status, were recorded. Blood cell count and blood chemistry values, such as albumin and lactate
dehydrogenase (LDH) levels, were retrieved.

To monitor tumors, patients underwent a contrast-enhanced total body CT scan every eight–twelve
weeks and treatment response was assessed according to RECIST 1.1 criteria in stable disease (SD),
partial response (PR), complete response (CR) and disease progression (PD).

Radiological PD did not necessarily imply discontinuation of ICI therapy, which was instead
consistent with clinical deterioration.

Toxicity and acute events potentially related to ICI treatment were graded according to
CTCAE criteria. Interfering concomitant medication with steroidal drugs was also considered in
the present analysis.

The following formulas were used: NLR = neutrophils absolute number/lymphocytes
absolute number at baseline; derived NLR = neutrophils absolute number/(leucocytes absolute
number − neutrophil absolute number); PRL= platelets − lymphocytes absolute number.
The calculations were performed with the following timing: cycle 1, day 1 and subsequently after two
courses (fourth–sixth week), 4 courses (eighth–twelfth week) and every six months thereafter or at the
time of PD or treatment discontinuation.

2.2. Statistical Analysis

The primary objective was to assess the relationship between baseline ratios NLR, dNLR, PRL,
LDH and albumin and response to ICI, identifying appropriate cut-offs. Secondary endpoint was to
evaluate changing NLR, dLNR and PRL values were associated to response to ICI.

The data of the study are presented using the classic descriptive statistics indicators.
In order to define cut-off values of NLR, dNLR, PRL, LDH and albumin at baseline predicting

survival at one year, Receiver Operating Characteristics (ROC) curves were performed, and the results
are showed as Area Under Curve (AUC) and relative 95% confidence interval. Youden Index method
was used in order to set the best cut offs [23].

Response categories assessed according to RECIST were dichotomized as Disease Control Rate
(DCR) (SD + PR + CR) and disease progression (PD), at the first radiological evaluation.

Progression Free Survival (PFS) and Overall Survival (OS) were analysed performing Kaplan
Meier Curves separately, dividing the study population into groups according to the cut off defined
by the ROC curves. Differences in PFS and OS between groups were analysed with the Log-Rank
test. In order to evaluate the association of NLR and dNLR with response and survival at one-year,
considering the effects of confounding factors such as age, sex, smoke, Eastern Cooperative Oncology
Group performance status (ECOG) and PD-L1%, Cox model was performed and results were expressed
in terms of adjusted Hazard Ratio (HR) and relative 95% Confidence Interval (95% CI).

All the statistics were performed with SAS/STAT® Statistics Software Version 9.4 and IBM SPSS®

Statistics for Windows, Version 25.0.

3. Results

3.1. Baseline Patients’ Characteristics

A total of 402 patients were included in the analysis (Table 1). Median age was 65.8 years (range
39–86) and 71% were male.

Performance status at the time of ICI start was 0 or 1 in 384 cases (95%). One hundred and eighteen
(29%) patients were smokers, 231 (57%) former smokers and 111 (30%) used low dose prednisone
alongside treatment, at a permitted dose below 10 mg/day.
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Table 1. Baseline patient characteristics.

Age (Mean 65.8; Range 39–86) N (%)

≤60 y 104 (26%)
61–69 y 134 (33%)
70–75 y 119 (30%)
76–79 y 27 (7%)
≥80 y 18 (4%)

Sex
Male 287 (71%)
Female 155 (29%)

Smoking Status

Smoker 118 (29%)
Former smoker 231 (57%)
Never smoker 40 (10%)
Unknow 13 (4%)

Histology

Adenocarcinoma 251 (62%)
Squamous 135 (33%)
Others 16 (5%)

ECOG PS

0 156 (39%)
1 228 (57%)
2 18 (4%)

Concomitant Steroids

No 259 (70%)
Yes (≤10 mg/day) 111 (30%)

Number of Metastatic Sites

0–2 256 (64%)
3–4 117 (29%)
5–6 15 (4%)
>6 14 (3%)

Metastatic Sites

Lung 280 (70%)
Lymph Nodes 252 (63%)
Pleura 95 (24%)
Bone 88 (22%)
Adrenal 47 (12%)
Brain 34 (8%)
Liver 29 (7%)
Soft tissue 9 (2%)
Pericardium 6 (1%)

PD-L1 Status (n = 224)

<1% 62 (27%)
1–49% 39 (17%)
>50% 96 (43%)

ICI Treatment Line

1st 84 (21%)
≥2nd 318 (79%)
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Table 1. Cont.

Age (Mean 65.8; Range 39–86) N (%)

Type of Prior Therapies

Chemotherapy 307 (96%)
Targeted therapy 6 (2%)
Chemo + antiangiogenics 4 (1%)
Vaccines 1

ICI Agent

Nivolumab 239 (60%)
Pembrolizumab 128 (32%)
Atezolizumab 17 (4%)
Durvalumab 13 (3%)
Durvalumab + tremelimumab 5 (1%)

Abbreviations: ECOG PS: performance status according to ECOG; ICI: immune checkpoint inhibitor; PD-L1:
programmed death-ligand1.

The most represented histology was adenocarcinoma, in 251 patients (62%). PD-L1 status was
known in 224 (56%) patients. Disease burden was assessed according to the number and location of
metastases. In particular, 256 (64%) had between 0–2 metastases and the most commonly represented
metastatic sites were lung (70%) and lymph nodes (63%). Thirty-four patients (8%) had brain metastases.
Most patients (97%) had no target disease lesions.

PD-1 blocking agents were administered in 367 patients (92%), and agents blocking PD-L1 in 30
(7%). Five patients (1%) received a combination of anti-PD-1 plus anti-CTLA-4 agents. Immunotherapy
was administered as first-line treatment in 84 (21%) patients, while 307 (79%) had received prior
chemotherapy. Grade ≥ 3 ICI toxicity was observed in 58 (14%) patients.

3.2. Disease Control and Survival in the Overall Study Population

The evaluable patients for objective response were 389 (97%). PD was observed in 162 (40%)
patients, CR in 2 (0.5%), PR in 93 (25.5%) and SD in 132 (34%) patients. DCR was observed in 227 patients
(58%), with 95 subjects (24%) reporting an objective response. The median PFS was 5.3 months (4.6–6.1
95% CI) and the median OS 9.6 months (8.7–10.5 95% CI), with an average follow-up of 9.6 months
(range 0–57).

3.3. Accuracy of NLR, dNLR, PRL, Albumin and LDH as Biomarkers

The baseline values of NLR, dNLR, PRL, albumin and LDH were studied individually to assess
their predictive power based on the inherent association with longer/shorter survival at one year.

AUC of the ROC curves was 0.60 (0.50–0.70 95% CI, p = 0.095) for LDH, 0.67 (0.61–0.74 95% CI,
p < 0.0001) for NLR, 0.67 (0.60–0.73 95% CI, p < 0.0001) for dNLR, 0.63 (0.56–0.70 95% CI, p = 0.045) for
PRL and 0.63 (0.53–0.74 95% CI, p = 0.006) for albumin.

The baseline values of NLR, dNLR, PLR and albumin significantly predicted OS at one year (see
the Supplementary Material for ROC curves for PRL, LDH and albumin).

However, according to the AUC values and the statistical significance observed, NLR and dNLR
were deemed the most meaningful biomarkers to be further explored, relating to response and survival.

The cut-off values for baseline NLR and dNLR identified through the ROC curves were NLR = 2.46
and dNLR = 1.61. In Figure 1, ROC curves for dNLR and NLR are shown. Consistent with the cut-offs
identified, 286 patients had baseline NLR ≥ 2.46 and 116 had baseline NLR < 2.46. As for dNLR,
277 patients had baseline dNLR ≥1.61 and 125 had baseline dNLR < 1.61.
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3.4. Survival According to NLR and dNLR Cut-Offs

The Kaplan-Meier curves in Figure 2 describe the OS in the population selected for NLR and
dNLR cut-offs. Patients evaluable for survival according to NLR and dNLR were 395.
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Patients with NLR < 2.46 reported a significantly longer OS compared to patients with NLR ≥ 2.46,
with a median OS of 9.5 versus six months in the NLR high group, respectively (log-rank test p = 0.0003).

Similarly, patients with dNLR < 1.61 showed a significantly longer OS compared to those with
dNLR ≥ 1.61 (median OS, ten vs six months in the dNLR low and high groups, respectively, log-rank
test p = 0.0002).

3.5. Progression Free Survival According to NLR and dNLR Cut-Offs

The Kaplan-Meier curves in Figure 3 describe the PFS in the population selected for NLR and
dNLR cut-offs. Patients evaluable for PFS according to NLR and dNLR were 247.
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PFS was significantly improved in the NLR < 2.46 group, with a median PFS of 4.0 versus
2.0 months in the NLR ≥ 2.46 (log rank test p = 0.0004).

Patients with dNLR < 1.61 also reported a better PFS, with a median PFS of 4.0 versus 3 months
(log rank test p = 0.005).

3.6. Cox Model for Survival and Response

To assess the independent role of NLR and dNLR in predicting survival and response to ICI,
possible confounding factors were evaluated using Cox models (see Table 2 for survival and Table 3
for response).

Table 2. (A) Role of NLR in a Cox model for risk of death at one year after treatment. (B) Role of dNLR
in a Cox model for risk of death at one year after treatment.

Variable HR 95% CI p

A

Age > 75 years 1.032 0.749–1.422 0.85

Male 1.016 0.778–1.327 0.91

Smokers 1.442 0.988–2.104 0.06

ECOG 1–2 * 1.377 1.073–1.765 0.01

PD-L1 > 50% 1.372 1.061–1.774 0.02

NLR ≥ 2.56 1.552 1.178–2.046 0.002

B

Age > 75 years 1.016 0.738–1.399 0.92

Male 1.008 0.772–0.317 0.95

Smokers 1.407 0.964–2.053 0.08

ECOG 1–2* 1.363 1.061–1.752 0.01

PD-L1 > 50% 1.392 1.078–1.798 0.01

dNLR ≥ 1.61 1.522 1.162–1.994 0.002

Abbreviations: ECOG PS: performance status according to ECOG. HR: hazard ratio. PD-L1: programmed
death-ligand1. *: versus ECOG PS 0. Bold: statistically significant result.
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Table 3. (A) Role of NLR in a Cox model for risk of progressive disease. (B) Role of dNLR in a Cox
model for risk of progressive disease.

Variable HR 95% CI p

A

Age > 75 years 0.827 0.520–1.317 0.42

Male 0.866 0.608–1.233 0.42

Smokers 1.157 0.676–1.980 0.59

ECOG 1–2 * 2.033 1.414–2.922 <0.000

PD-L1 > 50% 1.010 0.695–1.468 0.96

NLR ≥ 2.56 1.675 1.131–2.480 0.01

B

Age >75 years 0.0814 0.512–1.295 0.38

Male 0.858 0.602–1.222 0.4

Smokers 1.124 0.656–1.924 0.67

ECOG 1–2 * 1.969 1.368–2.835 <0.000

PDL1 > 50% 1.021 0.704–1.483 0.9

dNLR ≥ 1.61 1.843 1.244–2.730 0.002

*: versus ECOG PS 0. Bold: statistically significant result.

In the study population, NLR and dNLR were both associated with longer survival, where patients
with a NLR ≥ 2.46 showed a HR = 1.55 for mortality at one year after ICI start (p = 0.002) and, similarly,
dNLR showed a HR = 1.52 for mortality at one year after ICI (p = 0.002).

At a lower significance level and extent, better clinical conditions (ECOG PS) and PD-L1 < 50%
were also associated with longer survival after ICI.

Smoking status was associated, with borderline significance, to a higher risk of death at one year.
As for independent predictive factors of response to ICI in terms of DCR (only the better

performance status), NRL and dNLR were found to be statistically significant. In particular, patients
with NLR ≥ 2.46 reported an HR = 1.67 for PD (p = 0.01). The predictive power of dNLR was even
more pronounced, where dNLR ≥ 1.61 reported an HR = 1.8 for PD (p = 0.002). Smoking or PD-L1
status were not significantly associated with response to ICI.

3.7. NLR and dNLR Changing During Treatment

The reduction in NLR and dNLR over time significantly predicted ICI response. Considering that
ROC curve was set for OS at one year after treatment start, (long survivor OS >1 year, short survivor
O <1 year), we sought to evaluate if a decrease in NLR and dNLR from baseline to third cycle
(approximately six–nine weeks after treatment start) also predicted response and survival to ICI
treatment, regardless of the absolute value of NLR and dNLR at baseline.

A decrease ≥ 1.04 for NLR (AUC 0.62; 95% CI 0.55–0.68; p = 0.006) from baseline to cycle three
discriminated long survivors from short survivors; similarly, a dNLR decrease ≥ 0.41 (AUC 0.62; 95%
CI 0.55–0.68; p= 0.001) from baseline to cycle three discriminated long from short survivors, as in
Supplementary Figure S1.

Based on the findings from the ROC curve, reduction of dNLR during treatment seemed to be a
stronger predictive factor of response to ICI, compared to NLR, despite both NLR and dNLR decrease
being statically significant. Thus, we further explored if patients with decreased dNLR at cycle three
had a significantly improved outcome. As shown in Figure 4, patients with a decrease in dNLR from
baseline to cycle three reported a significantly longer PFS, but not OS (p = 0.001 and p = 0.44 for PFS
and OS, respectively).
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Figure 4. (A) Overall survival in the study population according to changing dNLR from cycle one
to cycle three, using the cut-off identified by the Receiver Operating Characteristic (ROC) curves.
(B) Progression free survival in the study population according to dNLR changing from cycle one to
cycle three, using the cut-off identified by the ROC curves.

4. Discussion

4.1. ROC Based Cut-Offs for NRL and dNLR

In this retrospective multicenter Italian study, we retrieved data from a large sample of
402 advanced NSCLC patients treated with ICI, to assess the association between ratios derived
from cell blood count and blood chemistry and clinical outcome. Among the variables considered
based on the findings from ROC analyses, we deemed NLR and dNLR ratios to be worthy of further
exploration as possible biomarkers.

When using the cut-off identified by the ROC curves (NLR = 2.46; dNLR = 1.61), we found that
patients with low NLR or dNLR reported a significantly better outcome to ICI, either in terms of OS
or PFS.

The literature already showed that data from cell blood count could play a prognostic and
predictive role for response to ICI. The first clinical evidence of NLR association with clinical benefits
comes from studies on patients receiving ipilimumab for metastatic melanoma. [11–13] The relative
lymphocyte number was one of the most significant prognostic factors in a series of 616 patients treated
with pembrolizumab [14].

With regard to NSCLC, NLR and, more recently, dNLR, have already been reported to be associated
with better outcome to ICI, either in terms of response or survival time [15,16,21,23].

However, each study referred to different NLR and/or dNLR cut-offs to discriminate among
responders and non-responders.

In patients with metastatic NSCLC treated with nivolumab, a NLR ≥ 5 was independently
associated with worse overall and progression-free survival; NLR cut-off was based on previous
reports from melanoma. [24] In another retrospective study on 52 patients receiving the same anti-PD-1
regimen, a NLR > 3.6 was associated with worse overall survival and with lower response rates [15].
Here, the study population was divided in tertiles according to the loge-values of NLR and PRL,
whose prognostic value was also evaluated by ROC curve.

The most robust data on dNLR association with ICI outcome derive from a retrospective series
from French investigators. Baseline dNLR and LDH were demonstrated to be strongly associated
with ICI activity, PSF and OS. Moreover, when dNLR and LDH were tested in a chemotherapy control
cohort, no significant association with OS or PFS was observed. [16] In this case too, the choice for
dNLR cut-off was based on previous reports from melanoma patients.
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In our study, NLR and dNLR cut-offs were defined based on ROC curves. More than other
methods, ROC analysis is widely used to find cut off values in medicine [25], because it considers both
sensitivity and specificity in order to assess the reliability of the model. Moreover, the ROC structure is
simple and easy to read for non-mathematicians too. As concerns the specific method, the Youden
Index is one of the most robust. [26]. However, a validation with an independent cohort would be
necessary in order to assess the true reliability of the cut offs identified. This will be possible in the
near future but is not reported in the present article.

The absolute value we found as a cut-off for dNLR (dNLR = 1.61) is also lower compared to
other reports. We cannot exclude that the extent of systemic inflammation in NSCLC is lower than
previously observed in melanoma. Further studies to prospectively validate the clinical utility of these
ratios, which also provide a control group, are warranted.

4.2. Other Circulating Markers

As opposed to NLR and dNLR, data on the predictive role of PRL in response to ICI are scarce [15].
In our report, baseline albumin and PRL also significantly predicted OS at one year. However,

based on AUC and p value, only NLR and dNLR were selected for further analyses.

4.3. Independent Predictive and Prognostic Role of NLR and dNLR

The independent predictive role of baseline NLR and dNLR was also confirmed in the Cox
regression model, including age, ECOG PS, smoking status and PD-L1 expression on tumor cells, etc.

NLR and dNLR significantly predicted both survival at one year after treatment start and
radiological response.

As expected, a significant independent risk factor for death or PD was clinical deterioration
(ECOG PS 1–2 vs 0). Interestingly, a PD-L1 expression > 50% also emerged as a negative prognostic
factor, although it had no significant impact on radiological response.

This finding may seem unexpected, since, currently, a high PD-L1 expression is the only
approved biomarker of response to ICI monotherapy and patients whose tumors presents a PD-L1
expression > 50% are candidates for first-line ICI.

However, the largest part of our cohort received ICI as a second or further line of treatment (79%),
when first-line treatment with pembrolizumab was not yet approved. Thus, since over 40% of the
patients had a tumor expressing PD-L1 > 50%, it seems likely that about half of PD-L1 > 50% patients
were heavily pre-treated at the time of ICI start. As a matter of fact, this line of treatment was heavily
unbalanced in our cohort, and therefore was not included in the multivariate analysis.

4.4. NLR and dNLR Dynamics During Treatment

Using ROC curves, we also showed that, in the overall population, a decrease in NLR and dNLR
early after ICI initiation (from baseline to cycle three), was associated with better outcome. Due to
the stronger statistical significance of dNLR, either when decreased during treatment and at baseline,
compared to NLR, we further explored dNLR dynamics in predicting outcome. We found that patients
with a meaningful reduction of dNLR at cycle three reported a significantly longer PFS, compared
with those in which dNLR difference was below the cut-off identified by the ROC curve.

Consistently with our findings, it has been shown already that lymphocyte variation during
treatment may be related to ICI activity and, possibly, to patients’ outcome [17–19].

In the setting of metastatic melanoma, an increasing absolute lymphocyte count, between baseline
and the end of dosing (Week 12), was found to be related to disease control and survival [19].

As for dynamics in cell blood count ratios, further data have been reported by an English group in
a heterogeneous series of 55 patients receiving anti-PD-1/PD-L1 agents alone or in combination with a
tyrosine kinase inhibitor. NLR was calculated at baseline and after two cycles (six weeks) of treatment.
Patients with a decrease in median NLR after two cycles experienced longer PFS compared to those
with NRL increase. However, the study population was divided post-hoc into two groups, based on
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median NLR increase/decrease post treatment [20]. By contrast, in our study, the decrease of NLR and
dNLR from cycle one to cycle three was considered meaningful according to cut-offs identified by
ROC curves.

In line with our observation, a Japanese group retrospectively assessed 101 NSCLC patients for
variation in NLR at baseline and at two and four weeks after nivolumab administration. Whether
baseline NLR did or did not impact on median PFS, NLR < 3 at both two and four weeks after
nivolumab initiation was significantly associated with longer PFS. In this study, the population was
also divided into two groups, according to NLR below or above 3 [21].

Considering the available evidence, it is still unknown if the reduction of these ratios early after
ICI initiation could be even more clinically meaningful than low baseline NLR and NLR values.

To date, the dynamics of NLR and dNLR during ICI treatment is under investigation in a larger
retrospective series of NSCLC by a French group. [22] In this series of 1485 NSCLC patients treated
with ICI, dNLR was measured at baseline and after one cycle of ICI. Preliminary data showed that in
cases where dNLR remained low (<3) or changed after one cycle of ICI, PFS and OS at 12 weeks were
longer. This association does not seem to be influenced by PD-L1 expression.

4.5. Limitations and Future Perspectives

It has been inferred that, at least. NLR seems to be specifically prognostic in the context of
NSCLC. [27] Our data, beyond supporting the prognostic role of baseline NLR and dNLR, also showed,
in multivariate analysis, that these ratios were independently associated with ICI activity.

The absence of a control cohort receiving other types of systemic treatment does not allow us to
make definitive conclusions.

Another limitation of our study is the retrospective nature of the analysis, which precludes
definitive statements on the clinical utility of the cut-offs. Future prospective studies should validate
the cut-off of these markers and investigate associations with other factors.

When compared to other potential biomarkers which are currently under investigation, such as
TMB, TRC clonality or gene signatures associated with tumor microenvironment, [3,4,6,28] peripheral
blood parameters are easier to perform and more affordable.

Additional unaddressed questions concern the role of NLR and/or dNLR when ICI is given
in earlier lines of treatment, and especially within the newly available combinations, in particular
with chemotherapy.

5. Conclusions

In the present NSCLC cohort, we showed that NLR and dNLR were independent biomarkers of
response to ICI, not only as baseline values but also when decreased early after treatment initiation.

Moreover, we provided meaningful cut-offs to select patients that benefit most from ICI treatment
using ROC curves for baseline and dynamic NLR and dNLR. The need to further explore and
prospectively validate the clinical utility of these ratios remains crucial.
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