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Abstract

Lung cancer is the most common malignancy worldwide. Despite significant advances in diagnosis and treatment, mortality
rates remain extremely high, close to incidence rates. Several targeted therapies have been recently introduced for the treat-
ment of non-small cell lung cancer (NSCLC), the most common type of lung cancer. Nivolumab, a monoclonal antibody
that targets programmed death-1 (PD-1), was the first immune checkpoint inhibitor approved for the treatment of patients
with advanced/metastatic NSCLC not responding to platinum-based chemotherapy. Biomarkers predicting response to these
therapies would allow early identification of non-responders and timely implementation of appropriate combination strate-
gies, avoiding inadequate and expensive therapies. The role of the neutrophil to lymphocyte ratio and other blood cell count
indexes as possible biomarkers of response has been recently investigated. We discuss the encouraging results reported on
the topic, provide new data from our personal experience, and discuss opportunities for further research.
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AISI Aggregate index of systemic inflammation
ALI Advanced lung cancer inflammation index
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Lung cancer is the most common malignancy worldwide
[1]. Despite significant advances in diagnosis and treatment,
mortality rates remain extremely high, close to incidence
rates. This is due to several factors, including the insidi-
ous onset, with consequent delay in diagnosis and clinical
assessment, the gap in the knowledge of the pathophysi-
ological mechanisms of the disease and the lack of effective
treatment strategies, particularly in advanced-stage patients
[2].

In the recent years, several targeted therapies have been
introduced for the treatment of non-small cell lung cancer
(NSCLC), the most common type of lung cancer. Several
drugs against specific molecular targets in cancers harboring
particular genetic alterations, such as mutations of the epi-
dermal growth factor receptor (EGFR) or the anaplastic lym-
phoma kinase (ALK) genes, are currently in use. Targeted
immunotherapies have been also developed. Nivolumab,
a monoclonal antibody that targets programmed death 1
protein (PD-1), was the first immune checkpoint inhibi-
tor approved for the treatment of patients with advanced
NSCLC not responding to platinum-based chemotherapy [3,
4]. Used as single, second-line agent in NSCLC, nivolumab
showed durable responses in 10 (37%) of 27 confirmed
responders with squamous NSCLC and 19 (34%) of 56
with non-squamous NSCLC that had ongoing response after
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a minimum follow-up of 2 years [5]. This medication, as
well as other PD-1 and programmed death-ligand 1 (PDL1)
inhibitors such as pembrolizumab and atezolizumab, opened
a new era in the treatment of advanced NSCLC.

Biomarkers that are able to differentiate between potential
durable responders and non-responders might be particularly
useful in guiding clinical decisions, because early identifi-
cation of non-responders allows timely implementation of
appropriate treatment strategies [6]. PDL1 expression on
tumor tissue seems to correlate with the activity of immune
checkpoint inhibitors (ICI); however, 10% of responders lack
PDL1 expression [5]. Therefore, PDL1 positivity alone can-
not be considered a biomarker of response, rather a bioselec-
tor useful to identify the patient population more likely to
benefit from ICI. Recently, the prognostic role of some blood
cell count indexes, particularly the neutrophil to lymphocyte
ratio (NLR), has also been investigated.

The NLR, a reliable index of systemic inflammation, pre-
dicts the severity and prognosis of numerous pathological
conditions, including chronic inflammatory diseases [7, 8]
and cancer [9-12]. In lung cancer, high pretreatment NLR
values have been associated with poor prognosis [12, 13].
Other blood cell count-related indexes, such as the platelet to
lymphocyte ratio (PLR), the monocyte to lymphocyte ratio
(LMR), and the red cell distribution width (RDW), might
also predict outcomes in patients with cancer.

Bagley et al. reviewed the medical records of 175 patients
with advanced NSCLC treated with nivolumab at the Uni-
versity of Pennsylvania [14]. The median age at the time
of treatment was 68 years (range 33-88; IQR 60-74), 46%
of the patients were men, and 75% were Caucasian. Nearly
all patients had received prior platinum-based therapy (174
patients, 99%), 12 patients (7%) had received prior EGFR
tyrosine kinase inhibitor therapy, and 3 patients (2%) had
received prior ALK inhibitor therapy. Seventeen patients
(10%) underwent PD-L1 testing on tumor samples. Median
baseline NLR was 5.5 (range 0.9-117; IQR 3.1-9.4), with
NLR <5 in 73 patients (42%) and > 5 in 102 patients (58%).
Median overall survival (OS) was 6.5 months (95% CI
5.2-8.0 months). In univariate analysis, a NLR > 5 was asso-
ciated with decreased OS (median 5.5 versus 8.4 months;
HR 1.83,95% CI 1.2-2.8; p=0.006). In multivariate analy-
sis, a NLR>5 (HR 2.07, 95% CI 1.3-3.3, p=0.002), an
ECOG PS>2 (HR 2.49, 95% CI 1.6-3.9, p <0.001), and
liver metastases (HR 2.13,95% CI 1.3-3.4, p=0.002) were
associated with decreased OS. Furthermore, only a NLR > 5
(HR 1.43,95% CI 1.02-2.0, p=0.04) and an ECOG PS >2
(HR 1.89, 95% CI 1.3-2.8, p=0.001) remained indepen-
dently associated with decreased progression-free survival
(PFS) in multivariate analysis. Nevertheless, the NLR was
not associated with response to nivolumab in this study. The
authors concluded that it is unclear whether NLR is predic-
tive or prognostic in the context of PD-1 therapy [14].
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Another retrospective study showed that a simple index,
the lung immune prognostic index (LIPI), calculated by
adding the differential NLR (dNLR, neutrophils/leukocytes
minus neutrophils) to the lactate dehydrogenase (LDH),
might stratify NSCLC patients treated with ICIs on the basis
of their prognostic outcomes. A dNLR greater than 3 and
LDH greater than the upper limit of its normal reference
range identifies a population with a poor prognosis when
treated with ICIs, with a median OS of 3 months compared
to the 34 months of those with lower dNLR and LDH values.
These results were not confirmed in the cohort treated with
chemotherapy [15]. Similarly, another predictive algorithm
based on several variables including sex, Eastern Coopera-
tive Oncology Group performance status (ECOG PS), NLR
and dANLR (iSEND model) was retrospectively tested in 159
advanced NSCLC patients. The model revealed significant
differences in patients with advanced NSCLC treated with
nivolumab, with good, intermediate and poor iSEND asso-
ciated with a mean PFS at 13 months of 52.2%, 25.9% and
17.8%, respectively [6].

Shiroyama et al. studied a total of 201 patients with
NSCLC undergoing therapy with nivolumab; median age
was 68 years (range 27-87 years), 67% were men, and 24%
had an ECOG PS of 2 or higher [16]. Associations between
several parameters, including the pretreatment NLR and the
advanced lung cancer inflammation index (ALI, body mass
index X albumin/NLR) with PFS and early progression of the
disease were studied. Pretreatment NLR greater than 4 was
significantly associated with poor PFS and early progression
on univariate analysis. Multivariate analyses revealed that
only pretreatment ALI < 18 was independently associated
with reduced PFS and higher likelihood of early progres-
sion. Furthermore, Kiriu et al. reported that pretreatment
NLR values higher than 5 were associated with poor OS in
19 NSCL patients treated with nivolumab; in addition, the
authors showed that a post-treatment NLR greater than 5
was also significantly associated with poor OS [17]. In this
study, the NLR increased from its pretreatment values in five
out of seven patients with disease progression and in all the
four patients that discontinued the treatment due to toxicity.
This suggests that the NLR temporal changes might reflect-
ing disease progression in patients undergoing nivolumab
therapy for advanced NSCLC.

Recently, Suh et al. published a retrospective study inves-
tigating the prognostic role of NLR, PLR and SII (Systemic
Inflammation Index), a composite index calculated as the
platelet count multiplied by the NLR, at week 6 in patients
undergoing therapy with anti-PD 1 antibodies [18]. In this
study, 54 consecutive patients (77.8% men, 27.8% non-
smokers) treated at the Seoul National University Hospital
(SNUH) and the Seoul National University Bundang Hos-
pital (SNUBH) were included. Among them, 31 patients
received nivolumab and 23 patients received pembrolizumab
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as single agent regimen. Only seven out of 36 patients
(19.4%) evaluated were positive for PD-L1. Eighteen
(33.3%) patients had clinical objective partial response, but
none of them had an NLR value > 5. The baseline values of
NLR, PLR and SII were not associated with response to the
therapy or to PFS in univariate and multivariate analysis. In
multivariate analysis, a high post-treatment NLR at 6 weeks
(HR 15.09, 95% CI 4.55-50.06, p <0.001) independently
predicted a decreased PFS and OS. The authors advocated
that the NLR value at 6 weeks after initiation of treatment
is a prognostic marker for patients with advanced NSCLC
treated with anti-PD-1 antibody, and a potential predictive
marker of response.

We performed a similar retrospective analysis in 78 con-
secutive NSCLC patients treated with nivolumab at the
Units of Oncology of the University of Sassari and at the
San Gerardo Hospital of Monza (Italy) to investigate cor-
relations between blood cell count indexes and PFS or OS.
Table 1 reports the clinical characteristics of the patients
included in the study. Nivolumab was initially administered
at 3 mg/kg intravenously (I.V.) over 60 min every 2 weeks
and later at 240 mg 1.V. Patients underwent serial clinical
evaluations and radiographic imaging every 8—12 weeks and
were evaluated for response either using computed tomog-
raphy (CT) or positron emission tomography (PET) scans.
PFS and OS were determined with a mean follow-up time
of approximately 11 months (range 3—-23); no patients were
lost to follow-up.

We evaluated the associations of PFS and OS with the
following blood cell count indexes before starting treat-
ment with nivolumab and at 6 weeks thereafter: NLR, PLR,
MLR, SII and the Aggregate Index of Systemic Inflamma-
tion (AISI), calculated as the platelet count multiplied by
the monocyte count and by the NLR, in relation to PFS and
OS. None of the indexes evaluated at baseline showed any
association with the outcomes under evaluation, while the
NLR, PLR and AISI values at 6 weeks were significantly
associated with both PFS and OS (Table 2). Furthermore,
the SII at 6 weeks was significantly correlated only with
PFS. Moreover, we performed ROC analysis to determine
cut-offs and evaluate the sensitivity and specificity of the
indexes examined (Table 3). Figure 1 shows the ROC curves
of the NLR, PLR and AISI obtained.

Our results are in contrast with those published by
Bagley et al. and other authors as we did not find any
significant correlation between the pretreatment NLR and
prognosis. On the other hand, our findings are in accord-
ance with those of Suh et al., despite we did not include
patients treated with pembrolizumab. The discrepancy
between pretreatment and post-treatment correlations of
the indices under evaluation with prognosis is difficult
to interpret; it may depend on a higher inflammatory
response involving specific white blood cell populations

Table 1 Main demographic and clinical features of the patients

enrolled

Feature

Total cases, n 78
Males, n (%) 66 (84.6)
Age, mean (SD) years 67+7
Smoking history

Never smokers, 1 (%) 4(5.1)

Current smokers, n (%) 28 (35.9)

Ex-smokers, n (%) 46 (59)
Histology

Adenocarcinoma, n (%) 29 (37.2)

Squamous carcinoma, n (%) 49 (62.8)
Stage

1L, n (%) 10 (12.8)

IV, n (%) 68 (87.2)
PDL-1 positive, n (%) 3/11 (27.3)
EGFR mutations, n (%) 1/23 (4.3)
ALK, n (%) 1/24 (4.2)
Number of previous therapies

1,n (%) 37 (47.4)

2, n (%) 26 (33.3)

3,n (%) 15 (19.2)
Time from diagnosis to nivolumab, median 17.4 (10.4-32.0)

(IQR) months
Therapy duration, median (IQR) days 126 (52-216)
Number of cycles, median (IQR) 10 (5-22)
Side effects

Yes, n (%) 38 (48.7)

No, n (%) 40 (51.3)
Grade 1-2, n (% side effects) 32 (84.2)
Grade 3-4, n (% side effects) 6 (15.8)
Progression free survival, median (IQR) months 4.8 (2.3-10.8)
Overall survival, median (IQR) months 6.1 (3.7-13.6)
Pre-treatment

NLR, median (IQR) 3.0 (2.2-4.9)

PLR, median (IQR) 164 (128-250)

MLR, median (IQR) 0.5 (0.4-0.6)

SII, median (IQR)
AISI, median (IQR)
At 6 weeks

2.25 (1.50-3.40)
498 (293-1130)

NLR, median (IQR) 32(2.4-49)
PLR, median (IQR) 156 (129-215)
MLR, median (IQR) 0.5 (0.4-0.6)
SII, median (IQR) 2.45 (1.45-3.40)
AISI, median (IQR) 637 (294-1092)

during treatment in patients with worst prognosis. In both
our study and that of Suh et al. the NLR at 6 weeks from
treatment initiation was predictive of PFS and OS. The
authors did not find such a role for the SII. By contrast, the
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Table 2 Correlations between
blood cell count indexes and

prognosis at baseline and
6 weeks from nivolumab
starting

Table 3 ROC analysis of NLR,
PLR and AISI as predictors of

survival in NSCLC patients
treated with nivolumab

NLR PLR MLR SII AISI
Baseline
PFS
Correlation coefficient -0.177 -0.208 -0.137 —0.181 -0.234
p value 0.1794 0.1143 0.3041 0.1734 0.0775
(ON)
Correlation coefficient —-0.061 —0.208 —0.051 —0.052 -0.118
p value 0.5930 0.0672 0.6579 0.6515 0.3068
6th week
PFS
Correlation coefficient —0.408 —0.290 —0.253 —0.293 -0.374
p value 0.0029 0.0389 0.0757 0.0368 0.0068
0S
Correlation coefficient -0.367 -0.292 —-0.215 —0.233 —-0.372
p value 0.0075 0.0360 0.1292 0.0960 0.0066

PFS progression-free survival, OS overall survival, NLR neutrophil to lymphocyte ratio, PLR platelet to
lymphocyte ratio, MLR monocyte to lymphocyte ratio, SII systemic inflammation index, AISI aggregate
index of systemic inflammation

Statistically significant values are in bold (p < 0.05)

Index Cut-off AUC 95% CI p value Sensitivity Specificity
NLR >4.4 0.706 0.564-0.824 0.011 100 38

PLR - 0.596 0.451-0.730 0.284 - -

AISI >351 0.732 0.591-0.845 0.004 69 82

NLR neutrophil to lymphocyte ratio, PLR platelet to lymphocyte ratio, AISI aggregate index of systemic

inflammation

Sensitivity

100-Specificity

Fig.1 ROC curves of NLR, PLR and AISI
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SII was significantly correlated with PFS and our AISI was
a better predictor of outcomes than the other indices. The
optimal cut-off value identified for the NLR in our study
was 4.4, similar to the cut-off value (5) tested in other
studies [14, 16, 17]. Nevertheless, the contrasting results,
the lack of a correlation with the response to ICI therapy,
and the relatively weak areas under the curve (AUC) in
our study, suggest that the exact clinical significance of the
blood cell count indexes in predicting outcomes of anti-PD
1 therapies in NSCLC patients remains far from clear. The
studies have several limitations mainly due to the retro-
spective design, the different drug used (nivolumab and
pembrolizumab) and the sample size. Therefore, further
well-designed studies with a greater number of patients
are warranted to establish the clinical utility of the blood
cell count indexes in monitoring the outcomes of anti-PD
1 therapies and the prognosis of NSCLC patients.
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