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Background: We investigated the association of peripheral blood inflaimmatory markers with overall
survival (OS) in pembrolizumab treated advanced non-small cell lung cancer (aNSCLC) patients with
programmed death ligand 1 (PD-L1) expression >50%. Clinical risk factors for development of immune-
related adverse events (irAE) were also explored.

Methods: aNSCLC patients with high PD-L1 expression receiving pembrolizumab monotherapy outside
of clinical trials were identified retrospectively. All patients were treated at one of six British Columbia
Cancer clinics between August 2017 and June 2019. Patients were dichotomized using baseline neutrophil-
to-lymphocyte ratio (NLR, </>6.4) and platelet-to-lymphocyte ratio (PLR, </>441.8). Factors associated
with OS were assessed with Cox proportional hazard models. Logistic regression models were utilized in
landmark analysis of risk factors for irAE.

Results: Among 220 patients, median age was 70.0 years, 55.0% were female, 40.5% had baseline
Eastern Cooperative Oncology Group performance status (ECOG PS) 2/3, and 95.5% received frontline
pembrolizumab. Median OS for the cohort was 11.8 months (95% CI: 8.7-15.4). On multivariable analysis,
baseline NLR >6.4 [hazard ratio (HR): 2.31, 95% confidence interval (CI): 1.46-3.64, P<0.001], baseline
PLR >441.8 (HR: 2.03, 95% CI 1.22-3.37, P=0.006), and pre-treatment ECOG PS 2/3 (HR: 2.19, 95%
CI: 1.48-3.26, P<0.001) were associated with worse OS. The incidence of any grade irAE and irAE grade
>3 were 40.5% and 12.3%, respectively. ECOG PS 2/3 (vs. 0/1) patients were at 3.76-fold higher risk of
developing an irAE by the 8-month landmark (P=0.002).

Conclusions: High NLR and PLR were associated with shorter OS in a cohort of patients receiving
largely frontline pembrolizumab for aNSCLC in routine practice. ECOG PS 2/3 was associated with higher
risk of developing an irAE. Given that NLR and PLR values are easily obtainable, prospective studies are

warranted to confirm their prognostic significance in this patient population and explore a predictive utility.
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Introduction

Treatment with the programmed cell death 1 (PD-1)
antibody pembrolizumab for advanced non-small cell lung
cancer (aNSCLC), dramatically improves clinical outcomes
for a subset of patients (1-4). About 23-28% of aNSCLC
patients have a programmed death ligand 1 (PD-L1) tumor
proportion score (TPS) >50% (1,3). Tumoral PD-L1 can
bind to PD-1 receptors on activated T cells, resulting
in evasion of immune response. Randomized controlled
trials have demonstrated improved overall survival (OS)
amongst treatment naive aNSCLC patients with a PD-
L1 TPS >50% [but without an epidermal growth factor
receptor (EGFR) mutation or anaplastic lymphoma kinase
(ALK) rearrangement] who receive pembrolizumab
compared to platinum doublet chemotherapy (3,4). As
a second line therapy after progression on platinum
chemotherapy, survival outcomes are superior in PD-L1
positive aNSCLC patients treated with pembrolizumab
versus docetaxel chemotherapy (2). However, the
minority of patients in these clinical trials responded
to immunotherapy and identification of predictive and
prognostic biomarkers remains an unmet need (5). Tumor
mutation burden is a potential predictive marker however
the test is expensive and likely difficult to implement in
routine clinical practice (6).

Cancer-related inflammation has a role in tumorigenesis,
disease progression, and patient prognosis (7). Inflammatory
biomarkers such as the neutrophil-to-lymphocyte ratio
(NLR) and platelet-to-lymphocyte ratio (PLR) are
prognostic indicators in solid tumors (8,9). These blood-
based biomarkers are easily obtainable as part of routine
tests. In aNSCLC patients receiving predominately
nivolumab, elevated NLR (10-16) and PLR (16-18) have
been correlated with worse OS. However, the prognostic
significance of NLR and PLR in aNSCLC patients with
high PD-L1 expression receiving pembrolizumab is unclear.
Other candidate blood-based biomarker ratios associated
with clinical outcome include the derived NLR (either
alone or as part of the lung immune prognostic index) and
monocyte to lymphocyte ratio (13,19).

T-cell activation can cause a unique spectrum of side-
effects termed immune-related adverse events (irAE),
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potentially requiring prolonged use of steroids and
immune modulating agents (20). As individuals treated in
everyday clinical practice are older and have worse Eastern
Cooperative Group Oncology performance status (ECOG
PS) than those enrolled into clinical trials, it is important
to describe the incidence and severity of irAE in a real
world setting (21,22). In addition, identification of clinical
risk factors for immune toxicity are needed to assist in risk
stratification and monitoring strategies (23,24).

In this retrospective series of aNSCLC patients
with a PD-L1 TPS >50% receiving pembrolizumab in
routine clinical practice, our primary goal was to evaluate
the association of baseline NLR and PLR with clinical
outcomes. We hypothesized that elevated pre-treatment
NLR and PLR would be associated with poorer OS. As
a secondary objective, clinical risk factors associated with
the development of irAE were investigated. We present
the following article in accordance with the Reporting
Recommendations for Tumor Marker Prognostic Studies
(REMARK) reporting checklist (25) (available at http://
dx.doi.org/10.21037/tler-20-541).

Methods
Patients and setting

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study was
approved by the institutional ethics board of University
of British Columbia Research Ethics Board (H19-01328)
and individual consent for this retrospective analysis was
waived. Cases were selected from aNSCLC patients (stage
1V, 7th edition UICC TNM classification or recurrent
nonresectable disease not amenable to curative intent
radiotherapy) treated at British Columbia (BC) Cancer.
The BC Cancer Provincial Pharmacy Database contains
records of all systemic therapy delivered. After approval of
the study protocol from the University of British Columbia
Research Ethics Board, the pharmacy database was
searched for aNSCLC patients treated with pembrolizamab
between August 2017 and June 2019. Inclusion criteria
for the current study were: use of pembrolizumab (in any
line) for treatment of aNSCLC and a PD-L1 TPS >50%.
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Patients receiving pembrolizumab as part of a clinical
trial or concurrently with chemotherapy were excluded.
Pembrolizumab was administered at a dose of 2 mg/kg
intravenously every 3 weeks until progression, intolerance,
or for 35 cycles (whichever came first) as per institutional
treatment protocols (26).

Tumor specimen characteristics

Tumor samples were obtained at the time of biopsy and
fixed in 10% buffered formalin. Subsequently, the samples
were dehydrated in ethanol and paraffin embedded
following standard procedures. Four micron tissue
sections were cut and mounted onto histologic glass slides
for examination with hematoxylin and eosin staining
and PD-L1 immunohistochemistry (IHC). Positive and
negative controls for IHC were run as per manufacturer
specifications (27). Formalin fixed paraffin embedded
(FFPE) blocks are stored at room temperature for repeat or
additional studies as clinically indicated.

Assay methods

PD-L1 IHC and assessment is performed using FDA-
approved 22C3 pharmDx (27) with Autostainer Link 48
as per manufacturer specifications. PD-L1 IHC 22C3
pharmDx is a quantitative immunohistochemical assay
using mouse anti-PD-L1, Clone 22C3, for the detection
of PD-L1 protein in FFPE NSCLC tissue. Unstained
slide sections are initially incubated with the primary
monoclonal antibody to PD-L1 followed by incubation
with a linker antibody specific to the host species of the
primary antibody. Subsequently, these slides are incubated
with a ready to use visualization reagent consisting of
secondary antibodies and horseradish peroxidase coupled
to a dextran polymer backbone. Enzymatic conversion of
this chromogen results in a visible reaction at the site of
antigen/PD-L1 presence. The color of the chromogenic
reaction is modified by a chromogen enhancement reagent.
The slide is then counterstained and cover-slipped. PD-L1
protein expression is calculated by using TPS which is the
percentage of viable tumor cells showing partial or complete
membrane staining. The PD-L1 scores are reported by a
board-certified pathologist as percentages belonging to one
of three categories: less than 1%, 1% to 49% and, greater
than or equal to 50%. The PD-L1 scores were performed
and reported separately for clinical use with no knowledge
of the study’s endpoints.
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Data collection

Clinical data was extracted retrospectively from chart review
from initial Medical Oncology consultation until November
2019. Furthermore, clinical notes were analyzed from
date of first pembrolizumab treatment to last follow-up to
document the incidence, severity, and treatment of irAE.
Identification of irAE was based on the treating healthcare
practitioner’s assessment while grade was assigned by the
abstractor utilizing Common Terminology Criteria for
Adverse Events, version 4 (28).

Clinical endpoints

For the primary outcome, OS was defined as the time
from first pembrolizumab treatment until date of death.
Progression free survival (PFS) was measured from
pembrolizumab start to date of physician determined
progression or death. Patients not experiencing an event
of interest were censored at last follow-up. Secondary aims
were to explore the association of baseline clinical factors
and the development of irAE (any grade).

Statistical analysis

Data are presented as percentages and counts for categorical
variables and by the mean and interquartile ranges (IQRs)
for continuous variables. Association between baseline NLR
and PLR and patient characteristics were assessed using
Pearson’s Chi-squared, Fisher’s exact, and Kruskal-Wallis
rank sum tests as appropriate. Median follow-up times were
computed (I) as the median of all survival times (ignoring
censoring) and (II) by the reverse Kaplan-Meier method
which provides an estimate of the potential follow-up (29).
Survival curves were plotted with the Kaplan-Meier method
and baseline factors explored for potential prognostic utility
using the log-rank test.

Univariable and multivariable Cox proportional hazards
models were used to generate point estimates of hazard
ratios (HRs) and the corresponding 95% confidence
interval (CI) for candidate variables and OS. Univariable
and multivariable logistic regression models were used to
determine the odds of experiencing an irAE within 6 and
8 months of pembrolizumab initiation. Included in this
analysis were patients who experience an irAE between
pembrolizumab initiation and landmark time, plus patients
not experiencing irAE during this period but who were alive
at the landmark. Six- and 8-month landmarks chosen as
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most irAE would likely have developed by these time points.
For multivariable analysis where there were fewer than 10
events per variable, a reduced model was fit via backwards
stepwise regression. Candidate variables considered for
inclusion in models of OS were: age at aNSCLC diagnosis,
gender, baseline ECOG PS, Charlson comorbidity
index (CCI), presentation with aNSCLC, presence
of baseline brain or liver metastases, smoking status,
histology, oncogenic alteration (EGFR mutation or ALK
rearrangement), prior palliative chemotherapy, baseline
body mass index (BMI), baseline NLR, and baseline PLR.
Similar candidate variables were considered for inclusion
in irAE models with the exception of CCI, smoking status,
presentation with aNSCLC, line of pembrolizumab
treatment, presence of oncogenic alteration, and BMI.

NLR (defined as absolute neutrophil count/platelet
count) and PLR (defined as platelet count/absolute
lymphocyte count) ratios were calculated based on blood
work prior to cycle 1 of pembrolizumab. Optimal cut-off
points for baseline NLR and PLR were identified using
an outcome-oriented method to maximize differences in
OS in the groups above and below the cut-off as suggested
by Delgado er al. (30). Two groups of patients with high
(>cut-off) and low (<cut-off) NLR, and separately for PLR,
were delineated using maximally selected rank statistics as
implemented in the R ‘maxstat’ package.

In an exploratory analysis to determine whether
differences in OS were associated with variation in baseline
neutrophil, lymphocytes, or platelet values, the cohort
was divided into quartiles for each blood cell count (10).
Kaplan-Meier survival curves for quartiles were generated
and compared using log-rank tests. Post-hoc pairwise
comparisons were performed and P values adjusted for
multiple comparisons by the Bonferonni method (P,).

All P values were based on two sided hypotheses tests and
those less than 0.05 were considered statistically significant.
Statistical analyses were performed using R version 3.6.1
and R packages ‘survival’ version 2.44, ‘surviiner’ version
0.4.6, ‘maxstat’ 0.7-25, and ‘tableone’ version 0.10.0 (31-36).

Results
Patient characteristics

A total of 279 aNSCLC patients treated with
pembrolizumab for aNSCLC in the studied time period
were identified; 59 patients had a PD-L1 TPS 1-49% and
were excluded from analysis. Baseline characteristics of
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the 220 patients meeting eligibility criteria are described
in Table 1. Sixty-eight patients (30.9%) were >75 years
old at diagnosis of aNSCLC, 121 patients (55.0%) were
female, and 89 patients (40.5%) had ECOG PS 2/3 at
pembrolizumab initiation. Most had non-squamous
histology [175 patients (79.5%)] and nearly all lacked an
oncogenic driver mutation [217 patients (98.6%)]. The
95.5% of individuals received frontline pembrolizumab
while the remainder had progressed on a platinum doublet.

Baseline NLR and PLR

Pre-treatment hematologic values were available for all
patients in the studied cohort. At baseline, the median
NLR was 5.5 (IQR: 3.3-8.9) and median PLR was 262.1
(IQR: 175.6-411.9). An optimal cut-off for NLR of 6.4
stratified patients into high NLR [>6.4, n=92, 41.8% of
cohort] and low NLR (<6.4, n=128, 58.2%). For PLR, the
threshold value was 441.8 and stratified patients into high
PLR (441.8, n=50, 22.7%) and low PLR (<441.8, n=170,
77.3%).

The relation of NLR and PLR with baseline
clinicopathologic characteristics are shown in Table 2.
Patients with high (vs. low) baseline PLR were more likely
to have a high baseline NLR (P<0.001) and BMI <25 kg/m’
(P<0.001). High baseline NLR was significantly associated
with younger age at aNSCLC diagnosis (P=0.002), ECOG
PS 2/3 (P=0.004), high baseline PLR (P<0.001), and a BMI
<25 kg/m’ (P=0.002) (Tuble 2). There was a strong positive
correlation between baseline continuous measurements of

NLR and PLR (Spearman’s rho =0.73, P<0.001).

Survival analysis

Calculated simply, median follow-up time was 9.2 (range,
0.03-25) months and 16.1 months by the reverse Kaplan-
Meier method. At last follow-up, 125 (57.0%) patients had
died and 52 (24%) were still receiving pembrolizumab. The
median OS and PFS for the whole cohort was 11.8 months
(95% CI: 8.7-15.4) and 6.1 months (95% CI: 5.0-8.3)
respectively.

Association of baseline NLR and PLR with clinical

outcomes

Patients with a low (vs. high) baseline NLR were observed
to have a longer OS (median 18.9 vs. 5.4 months, log-
rank P<0.001) and PFS (median 10.0 vs. 3.5 months, log-
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Table 1 Patient characteristics at baseline (n=220)

Characteristic

N (%)

Age at aNSCLC diagnosis, median (IQR)

70.0 (62.8-76.0) years

Gender

Male 99 (45.0)

Female 121 (565.0)
ECOG PS

0/1 131 (59.5)

2/3 89 (40.5)
CCl, median (IQR) 1.0 (1.0-3.0)
Smoking status

Current 79 (35.9)

Former 122 (55.5)

Never 19 (8.6)
Histology

Non-squamous 175 (79.5)

Squamous 45 (20.5)
aNSCLC at presentation 181 (82.9)
EGFR mutation 3(1.4)
ALK rearrangement 0(0.0)
Liver metastases 18 (8.2)
Brain metastases 30 (13.6)
Radiotherapy anytime during 36 (16.4)
pembrolizumab treatment
Prior line of palliative systemic therapy

0 210 (95.5)

1 10 (4.5)
BMI

=25 kg/m® 96 (43.6)

<25 kg/m? 112 (50.9)

Unknown 12 (5.5)
Baseline NLR, median (IQR) 5.5 (3.3-8.9)

Baseline PLR, median (IQR) 262.1 (175.6-411.9)

aNSCLC, advanced non-small cell lung cancer; IQR, interquartile
range; ECOG PS, Eastern Cooperative Oncology Group
performance status; CCl, Charlson comorbidity index; EGFR,
epidermal growth factor receptor; ALK, anaplastic lymphoma
kinase; BMI, body mass index; NLR, neutrophil-to-lymphocyte
ratio; PLR, platelet-to-lymphocyte ratio;
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rank P<0.001) (Figure I). Similarly, a low baseline PLR was
associated with longer OS (median 15.4 vs. 4.0 months, log-
rank P<0.001) and PFS (median 6.7 vs. 2.9 months, log-rank
P<0.001) (Figure 1). Additional cut-off points for baseline
NLR (<3 vs. >3 and <5 vs. >5) and PLR (<180 vs. >180)
were assessed and can be found in Figure S1.

On univariable analysis the following covariates in the
studied cohort were associated with worse OS: baseline
NLR >6.4 (HR: 2.59, 95% CI: 1.82-3.70, P<0.001),
baseline PLR >441.8 (HR: 2.55, 95% CI: 1.74-3.72,
P<0.001), ECOG PS 2/3 (HR: 2.31, 95% CI: 1.62-3.30,
P<0.001), and squamous histology (HR: 1.58, 95% CI:
1.05-2.36, P=0.03) (Table 3). On multivariable analysis,
baseline NLR >6.4 (HR: 2.31, 95% CI: 1.46-3.64), baseline
PLR > 441.8 (HR: 2.03, 95% CI: 1.22-3.37, P=0.006), and
ECOG PS 2/3 (HR: 2.19, 95% CI: 1.48-3.26, P<0.001)
were associated with poorer OS. The presence of liver
metastasis at start of pembrolizumab treatment trended
towards shorter OS (HR: 1.86, 95% CI: 0.96-3.61, P=0.07).

Exploratory analysis of baseline hematologic values

To assess whether differences in OS were attributable to
variation in baseline neutrophil, lymphocytes, or platelet
values, the cohort was divided into quartiles for each blood
cell count (10). Neutrophil quartiles were 1.30-4.40 (n=50),
4.40-6.10 (n=57), 6.10-8.15 (n=58), and 8.15-46.2 (n=55).
Lymphocyte quartiles were 0.20-0.70 (n=34), 0.70-1.15
(n=76), 1.15-1.60 (n=52), and 1.60-4.90 (n=58). Platelet
quartiles were 31.0-230.5 (n=55), 230.5-306.5 (n=55),
306.5-383.5 (n=55), and 383.5-937.0 (n=55). As shown
in Figure 2, patients in the highest (fourth) quartile for
neutrophils had poorer survival compared to all other
quartiles (all pairwise log-rank P, <0.03); when analyzing
survival outcomes by baseline lymphocyte count, those in
the lowest (first) quartile demonstrated the shortest survival
to all other quartiles (all pairwise log-rank P4 <0.001).
Regarding baseline platelet levels, patients in the highest
(fourth) quartile had shorter OS compared to those in the
lowest quartile (P, =0.04).

Risk factors for irAE

In the entire cohort of aNSCLC patients receiving
pembrolizumab, 127 separate irAE were observed. 89
patients (40.5% of cohort) experienced an irAE; the
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Table 2 Patient characteristics stratified by baseline NLR and PLR status

NLR PLR
Characteristics High (=6.4) (n=92), Low (<6.4) (n=128), P value High (=441.8) (n=50), Low (<441.8), P value
n (%) n (%) n (%) (n=170), n (%)
Age at diagnosis of 66.5 715 0.0021 67.5 71.0 0.07"
aNSCLC (median)
Gender
Male 45 (48.9) 54 (42.2) 0.39* 24 (48.0) 75 (44.1) 0.75%
Female 47 (51.1) 74 (57.8) 26 (52.0) 95 (55.9)
ECOG PS
0/1 44 (47.8) 87 (68.0) 0.004* 24 (48.0) 107 (62.9) 0.08*
2/3 48 (52.2) 41 (32.0) 26 (52.0) 63 (37.1)
CClI (median) 1.0 1.0 0.4 1.0 1.0 1.00"
Smoking status
Former/current 84 (91.3) 117 (91.4) 1.00* 43 (86.0) 158 (92.9) 0.21*
Never 8(8.7) 11 (8.6) 7 (14.0) 12(7.1)
Histology
Non-squamous 73 (79.3) 102 (79.7) 1.00* 38 (76.0) 137 (80.6) 0.61*
Squamous 19 (20.7) 26 (20.3) 12 (24.0) 33 (19.4)
aNSCLC at presentation 78 (84.8) 103 (80.5) 0.52* 42 (84.0) 139 (81.8) 0.88*
EGFR mutation 1(1.1) 2(1.6) 1.00* 0(0.0) 3(1.8) 1.00*
Liver metastases 8(8.7) 10 (7.8) 1.00* 5(10.0) 13 (7.6) 0.81*
Brain metastases 14 (15.2) 16 (12.5) 0.70* 7 (14.0) 23 (13.5) 1.00*
RT during pembrolizumab 15 (16.3) 21 (16.4) 1.00* 9 (18.0) 27 (15.9) 0.89*
Prior lines of palliative
systemic therapy
0 87 (94.6) 123 (96.1) 0.74* 46 (92.0) 164 (96.5) 0.24*
1 5 (5.4) 5(3.9) 4 (8.0) 6 (3.5)
BMI
=25 kg/m® 29 (33.0) 67 (55.8) 0.002* 8 (16.7) 88 (55.0) <0.001*
<25 kg/m® 59 (67.0) 53 (44.2) 40 (83.3) 72 (45.0)
Baseline NLR
>6.4 44 (88.0) 48 (28.2) <0.001*
<6.4 6 (12.0) 122 (71.8)
Baseline PLR
>441.8 44 (47.8) 6 (4.7) <0.001*
<441.8 48 (52.2) 122 (95.3)

*, P value for Chi-squared test; ', P value for Kruskal-Wallis rank sum test; *, P value for Fisher’s exact test. NLR, neutrophil-to-lymphocyte
ratio; PLR, platelet-to-lymphocyte ratio; aNSCLC, advanced non-small cell lung cancer; ECOG PS, Eastern Cooperative Oncology Group
performance status; CCl, Charlson comorbidity index; EGFR, epidermal growth factor receptor; RT, radiotherapy; BMI, body mass index.
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Baseline NLR: median OS (95% Cl)

High: 5.4 months (3.6-8.4)
=+ Low: 18.9 months (14.2-NR)

Log-rank P<0.001
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C 100% 1
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Months since pembrolizumab initiation
ECOG PS: median OS (95% Cl)
0/1: 15.8 months (14.1-NR)
=+ 2/3:5.7 months (4.4-8.4)

Log-rank P<0.001

0%4 89 72 54 42 33 26 18 16 11 5 3 2 2

0 2 4 6 8 10 12 14 16 18 20 22 24
Months since pembrolizumab initiation

Figure 1 Kaplan-Meier curves of OS according to baseline (A) NLR (high >6.4, low <6.4), (B) PLR (high >441.8, low <441.8), and (C)
ECOG PS (0/1 vs. 2/3). OS, overall survival; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; ECOG PS, Eastern

Cooperative Oncology Group performance status; CI, confidence interval; NR, not reached.

incidence irAE > grade 3 was 12.3% (Tuble 4). One patient
died from pneumonitis attributed to pembrolizumab
therapy. The most commonly observed irAE were thyroid
changes (10.5%), colitis (9.5%), and dermatitis (9.1%). 7.7%
of the cohort required a treatment delay due to immune-
toxicity while 16.4% needed treatment discontinuation due
to irAE. Amongst the 89 patients who experienced an irAE,
41 patients (46.1%) required steroids and none were treated
with immune modulating agents.

Univariable and multivariable logistic regression analysis
was performed to assess factors predicting development
of irAE (any grade) within 6 and 8 months of starting
pembrolizumab. At the 6-month landmark, 147 patients
were identified with 66 patients experiencing an irAE while
81 patients did not. On univariable analysis, ECOG PS
2/3 [odds ratio (OR): 1.98, 95% CI: 1.00-3.95, P=0.051]

was associated with increased risk of irAE while baseline
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high PLR (OR: 2.09, 95% CI: 0.88-5.16, P=0.10) was
a weaker risk factor (Table S1). Multivariable logistic
regression of irAE manifestation within 6 months of
pembrolizumab initiation demonstrated that ECOG PS
2/3 (OR: 1.88, 95% CI: 0.92-3.92, P=0.09) was the only
studied factor marginally associated with risk of irAE. For
8-month landmark analysis, 137 patients were identified
with 75 patients experiencing an irAE while 62 did not.
Multivariable logistic regression showed that poor ECOG
PS (OR: 3.76, 95% CI: 1.69-8.88, P=0.002) significantly
increased odds of irAE within 8 months of initiating
pembrolizumab (Table S2).

Discussion

We evaluated the prognostic significance of NLR and PLR
in a large cohort of aNSCLC patients with PD-L1 TPS
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Table 3 Univariable and multivariable Cox regression analysis of OS with baseline NLR and PLR (n=220 patients)

Variables

Age (=75 vs. <75)

Gender (male vs. female)

ECOG PS (2/3 vs. 0/1)

CCI (=8 vs. <3)

Smoking status (never vs. current/former)
EGFR/ALK mutation vs. none

Liver metastases (present vs. none)
Brain metastases (present vs. none)
Histology (squamous vs. non-squamous)
Presenting with aNSCLC (yes vs. no)
Baseline NLR (=6.4 vs. <6.4)

Baseline PLR (=441.8 vs. <441.8)

BMI (=25 vs. <25 kg/m?)

Prior lines of palliative chemo (1 vs. 0)

Univariable Multivariable
HR (95% ClI) P HR (95% ClI) P

0.77 (0.52-1.15) 0.20 1.22 (0.78-1.91) 0.38
1.19 (0.84-1.69) 0.33 1.19 (0.80-1.77) 0.38
2.31 (1.62-3.30) <0.001 2.19 (1.48-3.26) <0.001
0.99 (0.68-1.44) 0.96 0.76 (0.50-1.14) 0.19
1.28 (0.71-2.33) 0.41 1.22 (0.65-2.32) 0.54
0.49 (0.07-3.49) 0.47

1.65 (0.93-2.94) 0.09 1.86 (0.96-3.61) 0.07
1.03 (0.61-1.74) 0.91 1.02 (0.57-1.84) 0.95
1.58 (1.05-2.36) 0.03 1.21 (0.77-1.89) 0.41
1.25 (0.77-2.04) 0.37 0.97 (0.57-1.65) 0.91
2.59 (1.82-3.70) <0.001 2.31 (1.46-3.64) <0.001
2.55 (1.74-3.72) <0.001 2.03 (1.22-3.37) 0.006
0.88 (0.61-1.26) 0.49 1.26 (0.83-1.92) 0.29
1.04 (0.42-2.54) 0.94

There are too few patients with EGFR/ALK mutations and second line pembrolizumab recipients to include in multivariable analysis. OS,
overall survival; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; HR, hazard ratio; Cl, confidence interval; ECOG
PS, Eastern Cooperative Oncology Group performance status; CCl, Charlson comorbidity index; EGFR, epidermal growth factor receptor;

ALK, anaplastic lymphoma kinase; aNSCLC, advanced non-small cell lung cancer; BMI, body mass index.

>50% receiving predominately frontline pembrolizumab
in routine clinical practice. Consistent with our initial
hypothesis, high baseline NLR and PLR were associated
with shorter OS on multivariable analysis. Furthermore
ECOG PS 2/3 (vs. 0/1) at treatment initiation was
associated with both a 2.19-fold increased risk of death
and 3.76-fold greater risk of developing an irAE within
8 months of starting immunotherapy.

Baseline NLR and PLR have been associated with
poor survival in aNSCLC patients receiving nivolumab in >
second line setting (10,11). However specific cut-off values in
published literature vary likely due to differences in patient
baseline characteristics (age, gender, ethnicity, etc.), prior
treatments (radiation or chemotherapy) and statistical methods
(13,15). For example, the optimal NLR threshold has been
defined as >5.9 (13), =5 (5, 16), >4 (12), and >2.8 (14). Similarly,
cut-offs for PLR have been defined as >169 (16), >164 (17),
and >180 (18). Diem et a/l. categorized inflammatory
blood markers into tertiles (NLR: <3.6, 3.6-6.5, and >6.5;
PLR: <193, 193-328, and >328) (11). Importantly, PD-L1

expression was unknown in a large proportion of patients in

© Translational Lung Cancer Research. All rights reserved.

the previously mentioned studies.

The current analysis, to the best of our knowledge,
represents the largest study exploring the prognostic
significance of NLR and PLR in pembrolizumab treated
aNSCLC patients with PD-L1 TPS >50%. In a cohort
of 51 aNSCLC patients with high PD-L1 TPS receiving
pembrolizumab, Hasegawa ez al. observed baseline NLR
>4.56 to be associated with poorer OS (37). Our cut-off of
>6.4 for NLR and >441.8 for PLR were determined using
an outcome-oriented method that identified a value with
the most significant relation to OS based on maximally
selected rank statistics (35). On multivariable analysis of the
studied cohort, we observed baseline NLR >6.4 and PLR
>441.8 to be significantly and independently correlated
with OS. Additional analyses using cut-offs from prior
studies of NLR (=3 and >5) (10,15) and PLR (=180) (18),
demonstrated shorter OS for patients with elevated pre-
treatment inflammatory blood markers (Figure S1).

The mechanisms underlying the association of high
PLR and NLR and worse clinical outcomes in patients
with cancer are unclear. Neutrophils can suppress anti-
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Figure 2 Kaplan-Meier curves of OS stratified by quartiles (Q) of baseline neutrophils (A), lymphocytes (B), and platelets (C). OS, overall

survival.

tumor T cell responses and release pro-angiogenic factors
that facilitate tumor cell dissemination (38). Platelets can
similarly exert pro-tumor activities through elaboration of
growth factors that stimulate cancer cell proliferation and
facilitate the formation of metastatic foci (39). Conversely
it is thought that lymphopenia represents impaired cell-
mediated immunity (40). As such the relative proportion of
peripheral blood neutrophils (or platelets) to lymphocytes
could potentially reflect a balance between protumor and
antitumor immune phenotypes (5).

In the current series of patients treated in a real world
setting, the incidence of any grade irAE (40.5%), irAE
> grade 3 (12.3%), and treatment discontinuation due
to immune-toxicity (16.4%) were generally higher than
those reported in clinical trials (2-4). Identification of
baseline clinical risk factors for irAE would facilitate
patient counselling regarding treatment toxicities, improve

© Translational Lung Cancer Research. All rights reserved.

safety monitoring protocols, and provide insights into
irAE pathogenesis (24). Risk factors for irAE amongst
pembrolizumab treated aNSCLC patients have included:
history of autoimmune disease (20), female gender (41),
elevated BMI (42), pre-existing auto-antibodies (43,44),
baseline derived NLR >3 (42), and baseline PLR <180 (23).

Poor baseline ECOG PS was the only studied risk factor
in the current analysis associated with the development
of irAE; specifically, the odds of developing immune
toxicity were 3.76-fold higher at the 8-month landmark for
patients with ECOG PS 2/3 compared to ECOG PS 0/1.
Importantly many of the previously mentioned publications
on irAE risk factors excluded poor ECOG PS patients
or did not explicitly state this patient characteristic. As
immunotherapy can cause treatment related adverse events
beyond irAE (such as fatigue) which impact quality of life,

large prospective studies are required to clarify the safety
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Table 4 Distribution of irAE

iIrAE Any grade, n (%) Grade =3, n (%)
All 89 (40.5) 27 (12.3)
Thyroid changes 23 (10.5) 0 (0.0)
Colitis 21 (9.5) 4(1.8)
Dermatitis 20 (9.1) 2(0.9)
Pneumonitis 19 (8.6) 7 3.2)
Arthralgia 13 (5.9 1(0.5)
Hepatitis 11 (5.0 73.2)
Nephritis 3(1.4) 1(0.5)
Infusion reaction 2 (0.9) 0 (0.0)
Myositis 2(0.9) 2 (0.9)
Neurologic 2(0.9) 0 (0.0)
Pericarditis 2(0.9) 2(0.9)
Hematologic 1(0.5) 1(0.5)
Myasthenia gravis 1(0.5) 1(0.5)
Myocarditis 1(0.5) 1(0.5)
Myopathy 1(0.5) 1(0.5)
Pancreatitis 1(0.5) 0 (0.0)
Polymyalgia rheumatic 1(0.5) 0 (0.0)

irAE, immune-related adverse events; n, number of patients with
irAE; %, number of patients who developed irAE/220, thyroid
changes include hyperthyroidism and hypothyroidism.

of pembrolizumab in this medically fragile population. It
is also noteworthy that 30.9% of patients in the current
series were >75 years of age at diagnosis of aNSCLC and
advanced age was not found to be a risk factor for irAE.
"This builds on a growing body of literature from real world
studies regarding the safety of pembrolizumab in older
aNSCLC patients (45).

We feel this study has important clinical relevance. The
baseline characteristics of the cohort (including 40.5%
of patients with ECOG PS 2/3) are consistent with a
typical outpatient lung cancer clinic (22). In the era of
immunotherapy, traditional prognostic factors derived
from chemotherapy treated aNSCLC patients might not
be applicable. NLR and PLR are easy to calculate and
obtainable from standard of care tests. While the results
of the current study require validation, knowledge of pre-

© Translational Lung Cancer Research. All rights reserved.

treatment NLR and PLR ratios could provide useful
prognostic information to counsel patients and their family
members. ECOG PS was also significantly associated
with shorter OS on multivariable analysis; however,
determination of ECOG PS can be subjective and limited
by intra- and interobserver variability (46).

Future research will be required to explore the predictive
utility of NLR and PLR. Frontline treatment with
platinum-based chemotherapy and pembrolizumab (vs.
chemotherapy alone) improves OS for aNSCLC patients
without EGFR/ALK alteration (47,48). While an effective
therapy, pembro-chemotherapy is resource intensive and
can be associated with toxicity. Tumor mutation burden has
been extensively studied as a potential predictive biomarker
for efficacy of pembro-chemotherapy combination,
although, no association has yet been found (49).
Identification of a readily available biomarker such as
NLR or PLR to determine which aNSCLC patients with
PD-L1 TPS >50% would benefit from pembrolizumab
monotherapy is an urgent unmet need. However, the
current retrospective study cannot address this question as
all patients received immunotherapy.

The present analysis has some limitations. First, the
study was conducted in a retrospective manner and
subject to selection bias and confounders. However,
the studied population was similar in terms of receipt
of pembrolizumab, PD-L1 TPS >50%, and frontline
treatment (95.5% of cohort). Second, we did not examine
for medications (such as steroids) at start of pembrolizumab
therapy which could have affected NLR or PLR ratios.
Last, diagnosis of irAE was based on judgement of the
treating healthcare practitioner and not independently
verified. Recent studies have highlighted discordance
amongst clinicians in the diagnosis of irAE, especially in
patients with multiple comorbidities (50).

Conclusions

In the current retrospective analysis of aNSCLC patients
with PD-L1 TPS >50% receiving pembrolizumab as part
of routine clinical care, high NLR and PLR were associated
with shorter OS. Patients with ECOG PS 2/3 (compared
to 0/1) were observed to experience lower OS and higher
odds for developing irAE. Given that NLR and PLR values
are easily obtainable, prospective studies are warranted
to confirm their prognostic significance and explore a
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predictive utility.
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Figure S1 Kaplan-Meier curves of OS according to baseline (A) NLR (=3 wvs. <3), (B) NLR >5 vs. <5, and (C) PLR (>180 vs. <180). OS,
overall survival; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; CI, confidence interval; NR, not reached.
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Table S1 Logistic regression of irAE development within 6 months of pembrolizumab initiation

Univariable Multivariable
Variables
OR (95% CI) P OR (95% Cl) P

Age (=75 vs. <75) 0.52 (0.25-1.05) 0.07 0.57 (0.26-1.22) 0.15
Gender (male vs. female) 1.30 (0.68-2.51) 0.43 1.20 (0.59-2.43) 0.62
ECOG PS (2/3 vs. 0/1) 1.98 (1.00-3.95) 0.051 1.88 (0.92-3.92) 0.09
Liver metastases (present vs. none) 3.08 (0.82-14.78) 0.11 1.89 (0.45-9.86) 0.40
Brain metastases (present vs. none) 0.64 (0.21-1.78) 0.40 0.52 (0.15-1.64) 0.28
Histology (squamous vs. non-squamous) 1.30 (0.59-2.87) 0.51 0.90 (0.38-2.12) 0.82
Baseline NLR (=6.4 vs. <6.4) 1.29 (0.65-2.56) 0.46 0.85 (0.36-1.94) 0.70
Baseline PLR (=441.8 vs. <441.8) 2.09 (0.88-5.16) 0.10 2.14 (0.75-6.40) 0.16

irAE, immune-related adverse events; OR, odds ratio; Cl, confidence interval; ECOG PS, Eastern Cooperative Oncology Group
performance status; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio.

Table S2 Logistic regression of irAE development within 8 months of pembrolizumab initiation

Univariable Multivariable
Variables
OR (95% CI) P OR (95% ClI) P

Age (=75 vs. <75) 0.62 (0.30-1.27) 0.19 0.66 (0.29-1.47) 0.31
Gender (male vs. female) 1.12 (0.57-2.21) 0.74 1.02 (0.48-2.18) 0.95
ECOG PS (2/3 vs. 0/1) 3.46 (1.62-7.75) 0.002 3.76 (1.69-8.88) 0.002
Liver metastases (present vs. none) 3.09 (0.71-21.27) 0.17 1.90 (0.36-14.77) 0.48
Brain metastases (present vs. none) 0.70 (0.25-1.96) 0.50 0.44 (0.12-1.44) 0.18
Histology (squamous vs. non-squamous) 1.02 (0.45-2.36) 0.96 0.59 (0.22-1.53) 0.28
Baseline NLR (=6.4 vs. <6.4) 1.27 (0.62-2.63) 0.51 0.79 (0.32-1.94) 0.62
Baseline PLR (=441.8 vs. <441.8) 2.13 (0.84-5.90) 0.12 2.68 (0.85-9.29) 0.10

irAE, immune-related adverse events; OR, odds ratio; Cl, confidence interval; ECOG PS, Eastern Cooperative Oncology Group
performance status; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio.
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