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Background: Immune checkpoint inhibitors (ICIs) are currently the standard therapy in advanced non-
small cell lung cancer (NSCLC); however, there is no well-established prognostic biomarker. We investigated
the relationship between survival outcomes and three peripheral blood biomarkers, including the neutrophil-
to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR) and monocyte-to-lymphocyte ratio (MLR),
as well as a new score termed the risk blood biomarker (RBB), calculated from the combination of the
neutrophil-monocyte-to-lymphocyte ratio (NMLR) and white blood cell count (WBC).

Methods: This study included patients with stage IV or recurrent NSCLC confirmed with programmed
death ligand 1 (PD-L1) expression >50% who received pembrolizumab monotherapy as first-line treatment
at the Virgen del Rocio University Hospital in Seville, Spain. To establish the relationship between baseline
peripheral blood biomarkers and survival outcomes, progression free survival (PFS) and overall survival (OS),
we used the Kaplan-Meier method and multivariable Cox regression models.

Results: A total of 51 patients were included in this study. In multivariate analysis, baseline NLR and PLR
showed a strong association with PFS [NLR hazard ratio (HR): 0.19, 95% confidence interval (CI): 0.09-0.44,
P<0.001; PLR HR: 0.46, 95% CI: 0.23-0.92, P=0.03] and OS (NLR HR: 0.07, 95% CI: 0.02-0.19, P<0.001;
PLR HR: 0.29, 95% CI: 0.13-0.67, P=0.004), and the MLR was associated with OS (MLR HR: 0.34, 95%
CI: 0.15-0.76, P=0.01). According to the RBB score, groups with lower scores were associated with superior
PES (group 0: HR: 0.16, 95% CI: 0.06-0.41, P<0.001 and group 1: HR: 0.29, 95% CI: 0.12-0.73, P=0.01)
and OS (group 0: HR: 0.04, 95% CI: 0.01-0.17, P<0.001 and group 1: HR: 0.15, 95% CI: 0.05-0.42,
P<0.001).

Conclusions: Low baseline NLR, MLR and PLR are significantly associated with better PFS, and low
baseline NLR and PLR are associated with better OS. Additionally, we identified three subgroups of patients
using the RBB score, and low scores were associated with improved survival outcomes and response to

therapy.
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Introduction

Lung cancer remains one of the cancers with the highest
incidence and mortality rates worldwide (1,2). When
considering the two sexes together, lung cancer is the most
commonly diagnosed cancer (11.6% of the total cases) and
the leading cause of cancer death (18.4% of the total cancer
deaths) (2). Moreover, fewer than 19% of patients with
lung cancer have a survival rate greater than 5 years from
initial diagnosis (1). Despite advances in early diagnosis and
therapeutic strategies, prognosis remains poor, primarily
due to local recurrences and distant metastases (3). There
are two main types of lung cancer, non-small cell lung
cancer (NSCLC), which accounts for approximately 85%
of all cases, and small cell lung cancer (SCLC), which
accounts for 15%. In the clinical landscape of therapies in
NSCLC, the use of immune checkpoint inhibitors (ICIs)
that target programmed death 1 (PD-1) or its ligand
(PD-L1) has improved survival and toxicity compared to
standard chemotherapy treatments (4-7). In this regard,
pembrolizumab, a highly selective anti-PD-1 humanized
monoclonal antibody, is the current standard first-line
therapeutic option in patients with advanced NSCLC with
PD-L1 expression in greater than 50% of tumour cells
(8,9) and in combination with traditional chemotherapy
in patients with PD-L1 expression in fewer than 50% of
tumour cells (10,11). The outcomes of these studies revealed
that pembrolizumab monotherapy or in combination
with chemotherapy significantly improved overall survival
(OS) and progression-free survival (PFS) compared to
chemotherapy alone. However, despite promising results
obtained with immunotherapy in NSCLC, only a limited
proportion of patients benefit from these treatments
with respect to long term survival. Furthermore, many
patients with high PD-L1 expression do not respond to ICI
treatment, while other patients with low or negative PD-
L1 expression do benefit from these treatments (12,13).
Due to heterogeneity in the association between PD-L1
expression on tumour cells and the clinical response to ICIs,
it is essential to establish biomarkers that help predict which
patients will benefit from these therapies. With this aim,
several biomarkers have been proposed or are being actively
studied. In addition to the aforementioned PD-L1, tumour
infiltrating lymphocytes (14), mutational burden (15) and
immune gene signatures (16) have also been suggested as
potential biomarkers for the response to immunotherapy
in lung cancer. However, these biomarkers have several
limitations, such as the difficulty obtaining tumour samples,
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high cost and technical approaches. Furthermore, a large
number of studies have reported inconsistent results (17-19),
and none of these biomarkers have been confirmed as
predictors of response in these patients. Therefore, further
studies in this area are necessary to establish the true
validity of predictive biomarkers of response to ICIs.

Several studies have suggested that tumour-
associated inflammation plays a decisive role in the
immune response of patients with malignant neoplasms
and could be applied to ICI therapies (20-22). In this
context, different blood-derived parameters related
to the systemic inflammatory response have been
proposed, such as absolute neutrophil count (ANC) (23),
neutrophil-to-lymphocyte ratio (NLR) (24), derived
neutrophil-to-lymphocyte ratio (ANLR) (25), platelet-to-
lymphocyte ratio (PLR) (26), monocyte-to-lymphocyte
ratio (MLR) (27), systemic immune-inflammation index
(SII) (28) or neutrophil-monocyte-to-lymphocyte ratio
(NMLR) (29). In addition, scores involving various blood
parameters, such as neutrophil-platelet score (NPS) (30)
and inflammatory response biomarker (IRB) (31), have
been developed. Of all these blood biomarkers, the most
widely studied is certainly NLR.

Focusing on advanced NSCLC patients with PD-L1
expression >50% receiving pembrolizumab, Ksienski et a/. (32)
recently demonstrated that high baseline NLR and
PLR levels are associated with reduced OS in patients.
However, despite the growing number of studies reporting
encouraging results from the use of several baseline
biomarkers to predict clinical outcomes of NSCLC patients
treated with ICIs, these have not yet been sufficiently
conclusive, and other aspects should be taken into account.

Taking into account everything already exposed, the
main objective of our study was to analyse the relationship
between several baseline peripheral blood biomarkers,
including NLR, PLR and MLR, and the effectiveness of
the first-line pembrolizumab in NSCLC patients with
PD-L1 expression greater than or equal to 50% of tumor
cells. In addition, we determined a risk score termed risk
blood biomarker (RBB) calculated from the combination
of neutrophil-monocyte-to-lymphocyte ratio (NMLR) and
white blood cell count (WBC) that enables the stratification
of patients by clinical outcome (i.e., treatment response and
survival). This score could be a very useful prognostic tool
in daily clinical practice in advanced NSCLC patients who
are suitable for first-line pembrolizumab. We present
the following article in accordance with the REMARK
reporting checklist (available at http://dx.doi.org/10.21037/

Transl Lung Cancer Res 2021;10(6):2509-2522 | http://dx.doi.org/10.21037/tlcr-21-156


http://dx.doi.org/10.21037/tlcr-21-156

Translational Lung Cancer Research, Vol 10, No 6 June 2021

Table 1 Definition of the different blood-derived biomarkers analysed
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Parameter Description Cut-off value
NLR ANC/ALC 5.6
MLR AMC/ALC 0.54
PLR Platelets/ALC 198
NMLR (ANC+AMC)/ALC 6.3
0. NMLR <6.3 and WBC <11.5x10%L
RBB score A1-point was assigned for each NMLR 1. NMLRC 6.3 or WBC >11.5x10%L

or WBC count beyond the cut-off

2. NMLRC =6.3 and WBC >11.5x10°%/L

NLR, neutrophil-to-lymphocyte ratio; ANC, absolute neutrophil count; ALC, absolute lymphocyte count; MLR, monocyte-to-lymphocyte
ratio; AMC, absolute monocyte count; PLR, platelets-to-lymphocyte ratio; NMLR, neutrophil-monocyte-to-lymphocyte ratio; WBC, White

blood cell count; RBB, risk blood biomarker.

tler-21-156).

Methods
Ethics statement

The study was conducted in accordance with the Declaration
of Helsinki (as revised in 2013). The study was approved by
institutional ethics committee of Hospital Virgen del Rocio
and Hospital Virgen Macarena (0944-N-20) and individual
consent for this retrospective analysis was waived.

Patients and study design

This retrospective study performed from June 2017 to
December 2019 aimed to analyse the potential role of
several peripheral blood parameters and the efficacy
of first-line pembrolizumab in advanced NSCLC
patients. The inclusion criteria were: confirmed stage
IV or recurrent NSCLC, PD-L1 >50% and use of
pembrolizumab monotherapy as first-line treatment.
Exclusion criteria were: previous ICI therapy and any
driver mutations (EGFR, ALK, ROS1) (Figure S1). Thus,
this study included a cohort of 51 subjects treated with
200 mg of pembrolizumab every 3 weeks (21 days) at the
Virgen del Rocio University Hospital in Seville, Spain.
A complete blood count at baseline was obtained before
starting pembrolizumab treatment. The last follow-up
period was December 31, 2019.

Statistical analysis

Baseline clinicopathological and demographic characteristics
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of the patients were collected through December 31, 2019.
Descriptive analyses were used to characterize the most
relevant clinical variables. Categorical parameters were
explored using the Chi-squared test or Fisher’s exact test.
The corresponding parametric (¢-test) or nonparametric
(Wilcoxon test) tests were employed to assess the
distribution of continuous variables among study groups.
Statistical analyses were performed using Statistical Package
for the Social Sciences software (SPSS version 20, Chicago,
Tllinois, USA).

Several baseline peripheral blood biomarkers, such
as white blood cell (WBC) count, absolute neutrophil
count (ANC), absolute lymphocyte count (ALC), absolute
monocyte count (AMC) and platelet levels at baseline, were
analysed. WBC counts were categorized according to the
upper limit of normality (ULN). NLR, MLR, PLR and
RBB scores (NMLR+WBC) were calculated as reported
in Table 1. We determined the optimum cut-off values
for NLR, PLR, MLR and NMLR to predict the efficacy
and prognosis of patients with NSCLC who received
pembrolizumab monotherapy from receiver operating
characteristic (ROC) curves. Figure 1 shows ROC curves
for the obtained NLR, MLR, PLR and NMLR. The
area under the curve (AUC) represents the discriminative
power of the test, and the highest AUC value was used to
determine the cut-off value. In all cases, both specificity
and sensitivity were greater than 62%, and the P value of
the ROC curves was <0.05. Based on these analyses, we
classified the patients into two groups (low expression and
high expression groups).

Tumour response was evaluated by computed
tomography and assessed with Response Evaluation Criteria
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Figure 1 ROC curves of NLR, PLR, MLR and NMLR.
ROC, Receiver Operating Characteristic; NLR, neutrophil-
to-lymphocyte ratio, PLR, platelet-to-lymphocyte ratio; MLR,
monocyte-to-lymphocyte ratio, NMLR, neutrophil-monocyte-to-
lymphocyte ratio.

in Solid Tumours version 1.1 (33). The objective tumour
response was considered the best clinical response during
the course of treatment, with the disease control rate
(DCR) group defined by patients displaying stable disease
(SD), partial response (PR) or complete response (CR) and
progressive disease (PD) group. PFS was measured from
the time of initiating pembrolizumab treatment to clinical
or radiographic progression, death from any cause or was
censored on the day of cut-off. OS was measured from the
time of initiating pembrolizumab treatment to death from
any cause or was censored on the day of cut-off. OS and
PFS were calculated using the Kaplan-Meier method and
log-rank test. Hazard ratios (HRs) and 95% confidence
intervals (Cls) were calculated using the univariate Cox
proportional hazard model. Parameters with a value of
P<0.05 (considered statistically significant) in the univariate
analysis were selected for inclusion in the multivariate
analysis.

Results
Patient characteristics

A total of 51 subjects with advanced NSCLC treated
with pembrolizumab as the first-line treatment were
included in this study. PD-L1 expression levels in tumour
cells of all patients were greater than or equal to 50%.
Baseline clinicopathological characteristics of the patients
are summarized in Table 2. The median age at the start
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of treatment was 66 years old (range, 46-85), and the
majority of patients were male (72.55%). Only 23.53%
had an Eastern Cooperative Oncology Group (ECOG)
performance status of 2 or more. The most common
histological subtype was adenocarcinoma (62.74%), and
most patients were current smokers or had quit smoking
fewer than 10 years ago (70.59%). Median number of
cycles of pembrolizumab administered was 7 (range, 1-28).
Median follow-up for the cohort was 6.93 months (range,
0.20-26.19) and only one patient was lost to follow-up.

The relation of blood biomarkers and baseline
clinicopathologic characteristics are shown in 7able 3. Low
baseline NLR was significantly associated with low baseline
MLR (P<0.001) and PLR (P<0.001), likewise there was an
association between low baseline MLLR and PLR (P<0.001).
Moreover, using continuous variables, a strong correlation
between NLR and PLR (Spearman’s r=0.75, P<0.001),
NLR and MLR (Spearman’s r=0.83, P<0.001) and PLR and
MLR (Spearman’s r=0.76, P<0.001) was found.

Baseline immune blood biomarkers and survival outcomes

Pre-treatment baseline results revealed that the median
total WBC count was 12.04x10°/L (range, 6.64x10°/L
~20.81x10°/L), ANC was 8.35x10"/L (range, 3.40x10"/L
~17.86x10°/L) and AMC was 1.01x10°/L (range, 0.30x10°/L
~1.70x10°/L). These median values were higher than the
ULN, 11.5x10%/L, 7.5x10°/L, and 0.8x10°/L, respectively.
The median values of NLR, PLR, MLR and NMLR were
4.26 (range, 1.10-28.00), 194.44 (range, 63.60-376.43), 0.51
(range, 0.14-1.68) and 4.79 (range, 1.25-29.68), respectively
(Table 2).

For the whole cohort included in the analysis median
OS and PFS were 10.64 months (95% CI: 4.5-17.05) and
5.52 months (95% CI: 2.96-8.08) respectively. To classify
patients into two groups according to NLR, PLR, MLR
and NMLR, we calculated their optimal cut-off values to
predict the efficacy of pembrolizumab monotherapy in
NSCLC patients and their associated prognosis. The results
were a cut-off value (Table 1) of 5.6 (AUC: 0.77, 95% CI:
0.63-0.90) for NLR, 198 (AUC: 0.68, 95% CI: 0.52-0.83)
for PLR, 0.54 (AUC: 0.64, 95% CI: 0.49-0.80) for MLR
and 6.3 (AUC: 0.76, 95% CI: 0.63-0.90) for NMLR.

For NLR, 33 patients were classified into the low
expression group (NLR <5.6), and 18 were classified into
the high expression group (NLR >5.6). Patients with a
lower NLR rate were significantly associated with improved
PFES and OS compared to subjects with a higher NLR rate
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Table 2 Baseline patient characteristics
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Characteristic n (%)
Age, median [range] 66 [46-85]
Sex

Male 37 (72.55)

Female 14 (27.45)
ECOG

0-1 39 (76.47)

>2 12 (23.53)
Histological subtype

Adenocarcinoma 32 (62.74)

Non-adenocarcinoma 19 (37.26)
Smoking status

Never smoker or +10 years former smoker 15 (29.41)

Current smoker or =10 years former smoker 36 (70.59)

WBC (x10%L), median [range]
ANC (x10%L), median [range]
ALC (x10%/L), median [range]
AMC (x10%L), median [range]
Platelets (x10%L), median [range]
NLR, median [range]

PLR, median [range]

MLR, median [range]

NMLR, median [range]

12.04 [6.64-20.81]
8.35 [3.40-17.86]
1.9 [0.40-7.05]
1.01 [0.30-1.70]
329 [140-708]
4.26 [1.1-28]
194.44 [63.6-376.43]
0.51 [0.14-1.68]
4.79 [1.25-29.68]

ECOG, Eastern Cooperative Oncology Group; WBC, White blood cell count; ANC, absolute neutrophil count; ALC, absolute lymphocyte
count; AMC, absolute monocyte count; NLR, neutrophil-to-lymphocyte ratio; PLR, platelets-to-lymphocyte ratio; MLR, monocyte-to-

lymphocyte ratio; NMLR, neutrophil-monocyte-to-lymphocyte ratio.

(Figure 2A4,B and Table 4). Median PFS was 8.51 months
(95% CI: 4.95-12.06) versus 0.70 months (95% CI:
0.37-1.01), HR =0.24, 95% CI: 0.12-0.49, P<0,001. PFS
at 12 months was 38.2% in the low NLR group. Median
OS was 20.30 months (95% CI: 11.27-29.34) versus 1.21
months (95% CI: 0.12-2.31), HR =0.11, 95% CI: 0.04-0.26,
P<0.001. The 12- and 24-month OS in patients in the low
NLR group was 73.9% and 30.8%, respectively, while
in the high NLR group, none of the patients survived
12 months.

With respect to MLR, 27 patients were in the low
expression group (MLR <0.54), and 24 were in the high
expression group (MLR >0.54) at baseline. Once again, the
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low MLR group was significantly associated with improved
OS compared to the high MLR group (HR =0.35, 95%
CI: 0.16-0.78, P=0.01) but not with improved PFS
(HR =0.60, 95% CI: 0.31-1.15, P=0.125) (Figure 2C,D
and Table 4). Median PFS was 7.81 months (95% CI, 3.27-
12.36) in the group with low expression of MLR versus
1.41 months (95% CI, 0.00-3.05) in the group with high
expression of MLR. Median OS was 14.06 months (95%
CI, 6.46-21.66) in the group with low expression of MLR
versus 1.97 months (95% CI, 0.00-4.70) in subjects with
higher MLR. At 12 and 24 months, the OS rates were
64.6% and 24.2%, respectively, in the low MLR group and
29.20% at 12 months in the high MLR group; however,
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Table 3 Associations between NLR, MLR and PLR and baseline characteristics

NLR

MLR PLR

Characteristics

<5.6,n (%) =5.6,n(%) Pvalue <0.54,n (%) =0.54,n(%) Pvalue <198,n (%) =198,n (%) P value
Age years
<75 27 (64.3) 15 (35.7) 1.00* 23 (54.8) 19 (45.2) 0.72* 23 (54.8) 19 (45.2) 0.72*
>75 6 (66.7) 3(33.3) 4 (44.4) 5 (55.6) 4 (44.4) 5 (55.6)
Gender
Male 23(62.2) 14(37.8) 0.74* 18 (48.6) 19(51.4)  0.32 21(56.8) 16 (43.2) 0.37"
Female 10 (71.4) 4 (28.6) 9 (64.3) 5(35.7) 6 (42.9) 8 (87.1)
Smoking status
Never or +10 years 8 (53.3) 7 (46.7) 0.27" 7 (46.7) 8 (53.3) 0.56" 7 (46.7) 8 (53.3) 0.56"
former smokers
Current or -10 years 25 (69.4) 11 (30.6) 20 (55.6) 16 (44.4) 20 (55.6) 16 (44.4)
former smoker
ECOG
0-1 27 (69.2) 12 (30.8) 0.30* 22 (56.4) 17 (43.6) 0.37" 22 (56.4) 17 (43.6) 0.37"
>2 6 (50.0) 6 (50.0) 5(41.7) 7 (58.3) 5(41.7) 7 (58.3)
Histology
Adenocarcinoma 21 (65.6) 11 (34.4) 0.86" 17 (53.1) 15 (46.9) 0.97" 17 (563.1) 15 (46.9) 0.97"
Non-adenocar. 12 (63.2) 7 (36.8) 10 (52.6) 9 (47.4) 10 (52.6) 9 (47.4)
NLR
<5.6 26 (78.8) 7(1.2) <0.001"  25(78.8) 8 (24.2) <0.001"
>5.6 1(5.6) 17 (94.4) 2 (11.1) 16 (88.9)
MLR
<0.54 26 (96.3) 13.7) <0.001" 22 (81.5) 5(18.5) <0.001"
>0.54 7(29.2) 17 (70.8) 5(20.8)  19(79.2)
PLR
<198 25 (92.6) 2 (7.4) <0.001" 22 (81.5) 5(18.5)  <0.001"
>198 8 (33.3) 16 (66.7) 5(20.8) 19 (79.2)

*, P value for Fisher’s exact test; , P value for Chi-squared test. ECOG, Eastern Cooperative Oncology Group; NLR, neutrophil-to-
lymphocyte ratio; MLR, monocyte-to-lymphocyte ratio; PLR, platelets-to-lymphocyte ratio.

there were no survivors after 24 months in this group.

In the case of PLR, 24 patients had a PLR value greater
than or equal to 198 at baseline, and 27 patients had values
below 198. As in the case with NLR patients, the low
expression group was significantly associated with better
PFS (HR =0.47, 95% CI: 0.24-0.91, P=0.026) and OS
(HR =0.32, 95% CI: 0.14-0.72, P=0.006) (Figure 2E,F and
Tuble 4). Median PFS and OS were again superior in low
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PLR patients (PFS: 9.16 months; 95% CI: 3.78-14.54 and
OS: 20.30 months; 95% CI: 6.25-34.35) versus high PLR
patients (PFS: 2.07 months; 95% CI: 0.26-3.88 and OS:
2.99 months; 95% CI: 0.00-8.85). PFS at 12 months was
37.4% in the low PLR group and 13.9% in the high PLR
group. The 12- and 24-month OS rates of patients in the
low PLR group were 65% and 32.5%, respectively, while
in the high PLR group, they were 28.5% at 12 months, and
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Figure 2 Kaplan-Meier curves for NSCLC patients treated with pembrolizumab stratified according to baseline NLR (A,B), MLR (C,D)
and PLR (E,F). Right plots (A,C,E) PES curves and left plots (B,D,F) OS curves. NLR, neutrophil-to-lymphocyte ratio; MLR, monocyte-
to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; PES, progression free survival; OS, overall survival; CI confidence interval; mo,

months.
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Table 4 Univariate analysis of survival outcomes (PFS and OS) with baseline blood biomarkers

PFS 0os

Parameter Category

HR 95% ClI P value HR 95% ClI P value
Age <75 1.19 0.49-2.86 0.69 1.27 0.43-3.7 0.67
Sex Female 0.85 0.41-1.76 0.66 0.76 0.32-1.80 0.53
Smoking status Never or +10 years former smoker  0.87 0.43-1.78 0.71 0.84 0.36-1.94 0.68
Histological subtype Adenocarcinoma 0.94 0.48-1.83 0.85 1.08 0.49-2.38 0.84
ECOG 0-1 (vs. 22) 0.63 0.29-1.35 0.23 0.41 0.18-0.96 0.04*
NLR <5.6 0.24 0.12-0.49 <0.001* 0.11 0.04-0.26 <0.001*
MLR <0.54 0.60 0.31-1.15 0.125 0.35 0.16-0.78 0.01*
PLR <198 0.47 0.24-0.91 0.026* 0.32 0.14-0.72 0.006*

*, P values statistically significant. ECOG, Eastern Cooperative Oncology Group; NLR, neutrophil-to-lymphocyte ratio; MLR, monocyte-to-
lymphocyte ratio; PLR, platelets-to-lymphocyte ratio; PFS, progression free survival; OS, overall survival; HR, hazard ratio; Cl, confidence
interval.

Table 5 Multivariate analysis of survival outcomes (PFS and OS) with baseline blood biomarkers

PFS 0os

Parameter Category

HR 95% Cl P value HR 95% Cl P value
Age <75 1.20 0.48-3.02 0.69 1.18 0.38-3.70 0.77
Smoking status Never or +10 years former smoker 0.94 0.45-1.99 0.88 0.97 0.39-2.40 0.95
Histological Subtype Adenocarcinoma 0.98 0.49-1.97 0.96 1.28 0.57-2.92 0.55
ECOG 0-1 (vs. 22) 0.63 0.28-1.38 0.25 0.39 0.16-0.94 0.036*
NLR <5.6 0.19 0.09-0.44 <0.001* 0.07 0.02-0.19 <0.001*
MLR <0.54 - - - 0.34 0.15-0.76 0.01*
PLR <198 0.46 0.23-0.92 0.03* 0.29 0.13-0.67 0.004*

*, P values statistically significant. ECOG, Eastern Cooperative Oncology Group; NLR, neutrophil-to-lymphocyte ratio; MLR, monocyte-to-
lymphocyte ratio; PLR, platelets-to-lymphocyte ratio; PFS, progression free survival; OS, overall survival; HR, hazard ratio; Cl, confidence

interval.

there were no survivors at 24 months.

Multivariate Cox proportional regression analysis was
used to identify independent factors related to the efficacy
of pembrolizumab with respect to PFS and OS. Age,
ECOG, the two main histological subtypes of NSCLC and
smoking status were included as covariates. Blood immune
cell biomarkers with a P value <0.05 in the univariate
analysis were used in the multivariate analysis. To avoid
multicollinearity in the regression analysis, we established
independent Cox models for NLR, PLR and MLR. Thus,
only one of the three immune indicators was included in
each test along with the rest of the covariates. The results,
shown in Table 5, revealed that the low NLR (HR: 0.19,

© Translational Lung Cancer Research. All rights reserved.

95% CI: 0.09-0.44, P<0.001) and PLR (HR: 0.46, 95% CI:
0.23-0.92, P=0.03) groups were independently associated
with improved PFS, and low ECOG (HR: 0.39, 95% CI:
0.16-0.94, P<0.036), NLR (HR: 0.07, 95% CI: 0.02-0.19,
P<0.001), MLR (HR: 0.34, 95% CI: 0.15-0.76, P=0.01)
and PLR (HR: 0.29, 95% CI: 0.13-0.67, P=0.004) were
independently associated with better OS.

RBB as a prognostic factor for response to pembrolizumab
in advanced NSCLC patients

Finally, we hypothesized that the combination of two
markers, NMLR and WBC, which provided good results
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Figure 3 Kaplan-Meier curve and HR for PFS (A) and OS (B) stratified by the three RBB score groups. Group 0: NMLR <6.3 and WBC
<11.5x10°/L; Group 1: NMLRC >6.3 or WBC >11.5x10°/L; Group 2: NMLRC >6.3 and WBC >11.5x10°/L. NMLR, neutrophil-
monocyte-to-lymphocyte ratio; WBC, white blood cell; HR, hazard ratio; PFS, progression free survival; OS, overall survival; CI,

confidence interval; mo, months.

Table 6 Multivariate analysis for survival outcomes (PFS and OS) according to the RBB score group

PFS oS
Score
HR 95% ClI P value HR 95% Cl P value
0 0.16 0.06-0.41 <0.001* 0.04 0.01-0.17 <0.001*
1 0.29 0.12-0.73 0.01* 0.15 0.05-0.42 <0.001*
2 Reference Reference

*, P values statistically significant. PFS, progression free survival; OS, overall survival; HR, hazard ratio; Cl, confidence interval. RBB
score groups: group 0: NMLR <6.3 and WBC <11.5x10%L; group 1: NMLRC =6.3 or WBC >11.5x10%L; group 2: NMLRC =6.3 and WBC

>11.5x10%L.

separately (29,34), could be correlated with survival
outcomes. Therefore, NMLR and WBC were used to
create a new risk score, RBB. We stratified patients into
three groups to determine the effect of these combined
biomarkers on survival and response in patients with
advanced NSCLC. Figure 3 shows Kaplan-Meier curves
and univariate analysis for PFS (Figure 34) and OS
(Figure 3B). Univariate analysis for PFS and OS revealed a
significant association with better survival when the score
groups were decreased (PFS: group 0: HR: 0.18, 95% CI:
0.08-0.42, P<0.001; group 1: HIR: 0.34, 95% CI: 0.15-0.77,
P=0.01 and OS: group 0: HR: 0.05, 95% CI: 0.01-0.17,
P<0.001, group 1: HR: 0.19, 95% CI: 0.07-0.48, P=0.001).

© Translational Lung Cancer Research. All rights reserved.

We identified OS rates of 83.1% and 33.2% at 12 and 24
months, respectively, for group 0. In group 1, the OS rate
was 43% at 12 months. There were no survivors at 24
months in this group. PFS rates at 12 months were 41.5%
in group 0 and 26.2% in group 1. On multivariate analysis
(Tuble 6), adjusting for age, ECOG, histologic subtype
and smoking status, we corroborated that the RBB score
resulting in the combination of baseline NMLR and WBC
was independently associated with poor PFS (group 0:
HR: 0.16, 95% CI: 0.06-0.41, P<0.001 and group 1: HR:
0.29, 95% CI: 0.12-0.73, P=0.01) and OS (group 0: HR:
0.04, 95% CI: 0.01-0.17, P<0.001 and group 1: HR: 0.15,
95% CI: 0.05-0.42, P<0.001), i.e., the group with lower
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Figure 4 Response rate according the RBB score group. Group 0:
NMLR <6.3 and WBC <11.5x10°/L; Group 1: NMLRC >6.3 or
WBC >11.5x10°/L; Group 2: NMLRC >6.3 and WBC >11.5x10°/L.

DCR, disease control rate; PD, progressive disease.

scores survived longer. Next, we evaluated the relationship
between group of RBB score and response to treatment
(Figure 4). We observed that 80% of patients in group 0,
56.2% in group 1, and 13.3% in group 2 experienced DCR
(SD, PR or CR).

Discussion

In the present study, we retrospectively investigated the
usefulness of baseline NLR, MLR and PLR to determine
their use as prognostic biomarkers. We correlated the
association among NLR, MLR, and PLR with PFS and OS
in NSCLC patients with high PD-L1 expression treated
with pembrolizumab. In addition, we developed the RBB
score, which involves several inflammatory parameters. This
risk score demonstrated that high levels are a prognostic
and predictive marker of inferior survival and poor response
to therapy.

One of the main limitations in the use of ICIs is the
limited proportion of patients who respond to treatment
when stratified by PD-L1 (12,13). Thus, several blood cell
biomarkers have been studied to help stratify these patients.
It is well known that inflammation plays a key role in the
growth and spread of many types of tumours. High levels
of tumour-associated neutrophils (TANs) and tumour-
associated macrophages (TAMs) derived from peripheral
neutrophil and monocyte precursors, respectively, have
been described as mediators in tumour progression
because they promote the growth of malignant cells by
inhibiting apoptosis and assisting angiogenesis, which

© Translational Lung Cancer Research. All rights reserved.

promotes the formation of metastases (35,36). Likewise,
high platelet counts have been proposed as a key factor in
tumour angiogenesis (37), which can protect circulating
tumour cells from immune attack and help these cells
metastasize through blood transmission (38). In contrast,
low lymphocyte values are associated with an impaired
cellular immune response (39) since lymphocytes are
involved in the regulation of host cell-mediated immunity,
which is important for destroying residual malignant cells
and related micrometastases (31). Therefore, lymphocytes
play a key role in the antitumour immunity, and tumour-
infiltrating lymphocytes (TILs) have been demonstrated to
be correlated with improved clinical outcomes in patients
with solid tumours (39).

The results of our analysis for baseline NLR, PLR and
MLR revealed the relationship between low values and
better survival outcomes, confirming the aforementioned
exposure. The current findings are in agreement with those
reported in several previous studies (24,26,27,32,40). Zhang
et al. (40) performed a meta-analysis of 1,845 NSCLC
patients treated with three ICIs (nivolumab, atezolizumab
and pembrolizumab), evaluating the influence of NLR
(20 studies and 1,817 patients) and PLR (8 studies and
686 patients) on survival outcomes. They reported that
elevated NLR values were associated with unfavourable
survival outcomes (OS: HR =2.50, 95% CI: 1.79-3.51,
P<0.001 and PFS: HR =1.77, 95% CI: 1.51-2.01, P<0.001).
Similarly, the results for PLR showed that elevated values
were related to poor survival (OS: HR =1.93, 95% CI:
1.51-2.01, P<0.001 and PFS: HR =1.57, 95% CI: 1.30-
1.90, P<0.001). Furthermore, in a study of a large cohort
(1,466 cases) of patients who underwent curative resection
with stage I-IITA NSCLC, Yuan et /. (27) concluded that
elevated MLR was an independent predictor for poor OS
(HR =1.25, 95% CI: 1.01-1.54, P=0.035). Likewise, our
results indicated that MLR is an independent factor for
OS but not for PFS. More recently, Ksienski er al. (32)
investigated the association of survival outcomes with
baseline NLR and PLR in advanced NSCLC patients with
PD-L1 >50% treated with pembrolizumab, and the cut-off
values for NLR and PLR were 6.4 and 441.8, respectively.
The authors concluded that high baseline NLR and PLR
were associated with worse OS (NLR HR =2.31, 95% CI:
1.46-3.64, P<0.001, PLR HR =2.03, 95% CI: 1.22-3.37,
P=0.006).

One of the most controversial and limiting issues in the
application of blood biomarkers as prognostic factors for
use in clinical practice is identifying the optimal cut-off
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value. Different reference cut-off points have been used in
the literature (40). Discrepancies in these values could be
attributed to various factors, such as baseline differences
in the patient population, the timing of sample collection
in relation to the treatment and statistical methods (41).
Our optimal cut-off values of 5.6, 198 and 0.54 for NLR,
PLR and MLR, respectively, were determined using ROC
curves. These values are similar to the cut-off values tested
in other studies (41-44). Nevertheless, discrepancies in
the cut-off values make the use of these markers in clinical
practice difficult, and studies with larger populations are
needed to determine optimal cut-off values. Despite these
discrepancies, the conclusion was similar in all studies: high
baseline ratios in patients with NSCLC treated with ICIs
are correlated with poor survival outcomes.

In the last part of this study, we developed the RBB
score based on NMLR and WBC. The NSCLC population
was stratified into 3 groups according to both parameters.
We hypothesized that the combination of baseline
NMLR and WBC would be correlated with survival
outcomes in patients with advanced NSCLC treated with
pembrolizumab. For this hypothesis, we based on that
WBC, composed primarily of neutrophils, monocytes and
lymphocytes, are key markers of immune function and
inflammatory response, and several studies have shown
that high levels of baseline WBC are correlated with poor
prognosis in NSCLC patients (34,45-47). Furthermore,
NMLR, which groups ANC, AMC and ALC, has been
described as a powerful marker for survival outcomes in
patients with different solid tumours (29,48). Our results
for WBC and NMLR are in good agreement with those
described in the bibliography for both PFS and OS (Figure
S2 and Table S1). However, a problem we observed in
NMLR, as well as in NLR and MLR, is that there are
patients with low values of these ratios, even though they
exhibit high individual count values (ANC, AMC and
ALC), and patients with these characteristics are included in
the low group ratios. 'To solve this problem and considering
the aforementioned exposure, we study NMLR with a cut-
off value of 6.3 (obtained from the ROC curve) and WBC
level greater than the upper limit of normal, creating a new
group (group 1) that takes into account not only the ratio
but also the fact that the values of the studied parameters
are altered. Thus, we stratified patients into three groups
based on these two parameters. In our study, group 2
(high NMLR and WBC levels) was significantly associated
with the worst response to ICIs since 13.3% had DCR as
their best response compared to group 1 (DCR: 56.2%)
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and group 0 (DCR: 80%). In addition, group 2 patients
exhibited both shorter PFS (median 0.69 months) and OS
(median 1.21 months) compared to groups 1 (PFS median
3.48 months; OS median 10.64 months) and 0 (PFS median
9.39 months; OS median 20.30 months).

There are other systemic inflammation-based scores that
have been evaluated in patients with advanced NSCLC,
such as the Glasgow Prognostic Score (GPS) (49), based on
albumin and C-reactive protein, the prognostic index (50)
based on CRP and WBC or the Aarhus composite
biomarker score (ACBS) (44) based on albumin, CRP,
neutrophils, lymphocytes and haemoglobin. However, these
scores require measurement of two proteins, which makes
their implementation difficult since the mentioned proteins
are not routinely evaluated at many centres.

The important clinical significance of the current
research is that the baseline blood biomarkers and their
combination in the form of ratios and scores not only
predicted the prognostic survival outcomes of NSCLC
patients but may also help in developing treatment
strategies. However, this is a retrospective study, and it has
several limitations that must be taken into account when
interpreting the conclusions. First, the small number of
patients in our cohort might not be sufficient to support the
stability of the results. Second, comorbidities and metastasis
have not been taken into account in survival studies. Third,
we utilized an ROC curve-derived optimum cut-off of
variables as the grouping criterion since a standard cut-
off value of NLR, MLR, PLR and NMLR has not been
defined clearly in NSCLC; therefore, a unified cut-off value
is needed. The statistical significance of the prognostic
effect of our biomarkers was preceded by a determination of
the cut-off point of the same sample, therefore the results
may be magnified. This cut-off point should be validated by
an independent cohort. Finally, this was a single-arm study,
and all patients received pembrolizumab treatment. Thus,
to study the relationship between the predictive effect of
blood biomarkers and survival outcomes, a multicentre,
randomized, double-arm study is needed.

In conclusion, due to the limited number of patients
who benefit from immunotherapy, there is a need for
identification of biomarkers that enable better stratification.
In this study, we demonstrated prognostic value for
survival outcomes of baseline blood biomarkers. Finally,
we developed an easy-to-apply, novel prognostic scoring
system, the RBB score, using NMLR and WBC. This
novel score predicts survival (PFS and OS) and response to
therapy in NSCLC patients treated with pembrolizumab.
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Therefore, if this score is validated in a prospective study,
it could be useful to help stratify NSCLC patients in future

trials.
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Supplementary

Patients with confirmed stage IV or recurrent NSCLC with PD-L1=50%
and received pembrolizumab monotherapy as first-line treatment
(n=51)

Excluded

Driver mutations (EGFR, ALK, ROS1) (n=0)
Previous ICI therapy (n=0)

Y

Patients included
(n=51)

Figure S1 Patient selection process.
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Figure S2 Kaplan-Meier curves and HR for PFS (A and C) and OS (B and D) of NSCLC patients treated with Pembrolizumab. A and B
patients stratified by baseline WBC, C and D by NMLR. WBC, white blood cell count; ULN, upper limits of normal; NMLR, neutrophil-

monocyte-to-lymphocyte ratio; PES, progression free survival; OS, overall survival; HR, hazard ratio; CI, confidence interval; mo, months.

Table S1 Multivariate analysis for survival outcomes (PFS and OS) with baseline WBC and NMLR.

PFS 0os
Parameter Category HR 95% ClI p Value HR 95% Cl p Value
Age <75 1.20 0.48- 3.02 0.69 1.18 0.38- 3.70 0.77
Smoking Status Never or+10 years former smoker 0.94 0.45-1.99 0.88 0.97 0.39- 2.40 0.95
Histological Subtipe Adenocarcinoma 0.98 0.49-1.97 0.96 1.28 0.57-2.92 0.55
ECOG 0-1 (vs =2) 0.63 0.28-1.38 0.25 0.39 0.16- 0.94 0.036*
WBC <ULN 0.43 0.21-0.89 0.02* 0.27 0.11-0.69 0.006*
NMLR <6.3 0.19 0.09-0.44 <0.001* 0.07 0.02-0.19 <0.001*

ECOG, Eastern Cooperative Oncology Group; WBC, white blood cell count; NMLR, neutrophil-monocyte-to-lymphocyte ratio; PFS,
progression free survival; OS, overall survival; HR, hazard ratio; Cl, confidence interval. *P-values statistically significant
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