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ABSTRACT

Background An elevated peripheral blood derived
neutrophil-to-lymphocyte ratio (dNLR) is a negative
prognostic marker for patients with non-small cell lung
cancer (NSCLC) receiving chemotherapy and immune
checkpoint inhibitors. Whether dNLR is also associated
with clinical outcomes to first-line pembrolizumab among
patients with NSCLC and a programmed cell death
ligand 1 (PD-L1) Tumor Proportion Score (TPS) of >50%
is uncertain. How dNLR relates to the tumor immune
microenvironment is also unclear.

Methods In two participating academic centers, we
retrospectively analyzed the dNLR (defined as the absolute
neutrophil count/white cell count — absolute neutrophil
count) prior to initiation of first-line pembrolizumab

in patients with metastatic NSCLC and a PD-L1

TPS >50% and lacking genomic alterations in EGFR

and ALK. An unbiased recursive partitioning algorithm
was used to investigate an optimal dNLR cut-off with
respect to objective response rate (ORR). Multiplexed
immunofluorescence for CD8+, FOXP3+, PD-1+, and
PD-L1 was performed on a separate cohort of NSCLCs to
determine the immunophenotype associated with dNLR.
Results A total of 221 patients treated with first-line
pembrolizumab were included in this study. The optimal
dNLR cut-off to differentiate treatment responders from
non-responders was 2.6. Compared with patients with a
dNLR >2.6 (n=97), patients with dNLR <2.6 (n=124) had
a significantly higher ORR (52.4% vs 24.7%, p<0.001),
a significantly longer median progression-free survival
(mPFS 10.4 vs 3.4 months, HR 0.48, 95% CI 0.35 to
0.66, p<0.001), and a significantly longer median overall
survival (mOS 36.6 vs 9.8 months, HR 0.34, 95% Cl 0.23
t0 0.49, p<0.001). After adjusting for age, sex, tobacco
use, performance status, histology, serum albumin

level, oncogenic driver status, and PD-L1 distribution
(50%—-89% vs >90%), a dNLR <2.6 was confirmed to be
an independent predictor of longer mPFS (HR 0.47, 95%
(Cl0.33 10 0.67, p<0.001) and mOS (HR 0.32, 95% ClI

0.21 t0 0.49, p<0.001). Among advanced NSCLC samples
with a PD-L1 TPS of >50%, those with a dNLR <2.6 had
significantly higher numbers of tumor-associated CD8+,
FOXP3+, PD-1 +immune cells, and PD-1 +CD8+T cells
than those with a dNLR >2.6.

Conclusions Among patients with NSCLC and a PD-L1
TPS >50%, a low dNLR has a distinct immune tumor
microenvironment and more favorable outcomes to first-
line pembrolizumab.

BACKGROUND

Neutrophils are the most abundant myeloid-
derived leukocytes in the peripheral blood
with a critical role in innate immunity after
infection or injury.! In cancer, neutrophils
play a key function as a regulatory compo-
nent in the tumor microenvironment (TME),
promoting stromal remodeling, metastasis,
angiogenesis, thrombosis, and impairment of
Tecell-dependent anti-tumor immunity.””® To
date, most clinical data on the role of neutro-
phils in cancer have come from analyses of
peripheral blood neutrophils rather than
intratumoral (IT) neutrophils.4 > Moreover,
neutrophils accumulate in the peripheral
blood, and a high neutrophil-to-lymphocyte
ratio (NLR) is associated with poorer survival
and a lower probability of response to immu-
notherapy in the advanced setting for various
cancers.””

Immune evasion is a crucial process
involved in cancer development. The mech-
anistic basis for immune escape is thought to
occur through an increase in immunosup-
pressive molecules, such as programmed cell
death ligand 1 (PD-L1), and an enrichment
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of immunosuppressive cells, including regulatory T
cells,'"’ myeloid-derived suppressor cells,'’ and tumor-
associated neutrophils.” Notably, recent evidence suggests
that a low neutrophil cellular content in tumors may
result in enhanced interferon-gamma T-cell signaling,
increased CD8 +cytotoxicT cells, and improved efficacy
of anti-PD (L)1 immune checkpoint inhibitors (ICIs) in
non-small cell lung cancer (NSCLC).’ Whether NLR is
a surrogate to identify a higher degree of infiltration of
myeloid cells or correlates with diminished lymphocytes
in the TME remains unknown.

In NSCLC, a baseline derived NLR (dNLR, defined as
the absolute neutrophil count/white cell count — abso-
lute neutrophil count) is associated with prognosis irre-
spective of treatment modality for patients with metastatic
disease.” ¥ An exploratory retrospective analysis on 3987
patients from pooled clinical trials showed that a baseline
dNLR =3 was independently associated with impaired
progression-free survival (PFS) and overall survival (OS)
to second-line immunotherapy."” Currently, little is known
about the impact of dNLR on first-line immunotherapy
efficacy in advanced NSCLC. In addition, with multiple
approved firstline immunotherapy +/-chemotherapy
regimens for patients with advanced NSCLC,"*™ the
identification of easily determined, accessible biomarkers
beyond PD-L1 Tumor Proportion Score (TPS) is needed
to determine which patients may be less likely to respond
to anti-PD-(L) 1 monotherapy.

To determine whether dNLR influences immuno-
therapy efficacy in treatment-naive patients with NSCLC
and a PD-L1 TPS of 250%, we assessed the impact of the
pretreatment dNLR on clinical outcomes to pembroli-
zumab, and examined the relationship between dNLR
and tumor immunophenotype in NSCLC.

METHODS
Study population
We retrospectively analyzed data from two participating
academic centers: the Dana-Farber Cancer Institute
(DFCI) and the Massachusetts General Hospital (MGH).
Patients were included if they had consented to insti-
tutional review board-approved medical record review
protocols at each institution and had advanced NSCLC
without EGFR mutations or ALK rearrangements and a
PD-L1 TPS of 250%. Patients were eligible if they received
at least one dose of commercial pembrolizumab mono-
therapy in the firstline setting. Patients who had previ-
ously received cytotoxic chemotherapy and/or radiation
therapy for early-stage NSCLC were eligible if they had
completed prior therapy =6 months before the start of
pembrolizumab. Patients were excluded if they had a
concurrent hematological malignancy, untreated HIV
infection, or recent infection, antibiotic use, or cortico-
steroid administration within 7days prior to the blood
draw used to assess dNLR.

The most proximal complete blood count (CBC) with
differential and serum albumin levels obtained prior

to pembrolizumab initiation (up to 30 days before the
first treatment) and prior to cycle 2 were extracted from
electronic medical records. We obtained data for an
additional cohort of patients treated at the DFCI for vali-
dation of the continuous nature of dNLR analyzed in the
primary cohort, including patients treated with immune
checkpoints inhibitors in the second-line and beyond.
The patient studies were conducted under the ethical
guidelines of the Declaration of Helsinki.

The CBC and white cell differential was abstracted at
the time of tumor biopsy.

Statistical analysis

Clinicopathological data and immunotherapy response
data were abstracted from the electronic medical record.
The objective response rate (ORR) and PFS were deter-
mined by blinded radiology (DFCI cohort) and investi-
gator (MGH cohort) review using Response Evaluation
Criteria In Solid Tumors, V.1.1. PFS was defined as the
time from pembrolizumab start to progression or death,
and for those without progression, censoring was done
at the time of the last disease assessment scan showing
no progression. OS was calculated from the time of
pembrolizumab start to death. Patients who were still
alive at the time of data analysis were censored at the
date of last contact. Event-time distributions were esti-
mated using the Kaplan-Meier method and compared
with the log-rank test. All p values are two sided and Cls
are at the 95% level. Linear correlations were evaluated
using Spearman’s test, and categorical variables were
evaluated using Fisher’s exact test. An unbiased recursive
partitioning algorithm was used to investigate an optimal
grouping of dNLR with respect to the ORR to firstline
pembrolizumab, using the partykit function in R. Log-
rank tests were used to test for differences in event-time
distributions, and Cox proportional hazards models were
fitted to obtain estimates of HRs in univariate and multi-
variate models. Multivariable Cox regression was analyzed
in each of independent cohorts (DFCI and MGH) and
in the combined cohort. A backward stepwise selection
was used to generate the final models. All p values are
two sided and CIs are at the 95% level, with significance
predefined to be at <0.05.

Programmed death ligand 1 testing

The PD-L1 TPS was determined by immunohistochem-
istry using validated anti-PD-L1 antibodies: E1IL3N (Cell
Signaling Technology, Danvers, Massachusetts, USA) and
22C3 (Dako North America Inc, Carpinteria, California,
USA).

Multiplexed immunofluorescence (ImmunoProfile)

Multiplexed immunofluorescence (mlIF) was performed
on samples from the DFCI by staining 5pm formalin-
fixed, paraffin-embedded whole tissue sections with stan-
dard, primary antibodies sequentially and paired with a
unique fluorochrome, followed by staining with nuclear
counterstain/4’,6-diamidino-2-phenylindole (DAPI) .2 2!
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All samples were stained for PD-L1 (clone E1L3N), PD-1
(clone EPR4877(2)), CD8 (clone 4B11), FOXP3 (clone
D608R), cytokeratin (clone AEl/AE3), and DAPI
(nuclear counterstain). Each sample had a single slide
stained and scanned at x20 resolution by a Vectra Polaris
imaging platform. Regions of interest (ROIs) were
defined for each image, and only these regions were used
for quantitative image analysis currently. Within each
ROI, InForm Image Analysis software (PerkinElmer/
Akoya) was run to phenotype and score cells based on
biomarker expression. A custom script quantified the
number/percentage of cells which are positive for rele-
vant biomarkers in specific tissue regions. Each ROI was
divided into one or more of these defined regions: IT,
which was defined as the region of the slide consisting
of tumor beyond the tumor-stroma interface (TSI); TSI,
which was defined as the region within 40 microns to
either side of the defined border between tumor and
stroma; and total (IT+TSI). Cell count was calculated per
ROTI and averaged (unweighted) across ROIs, reported as
count per millimeter squared+SE. Statistical significance
of differential cell type enrichment between groups was
estimated with Wilcoxon rank sum test.

RESULTS

Patient population and dNLR

A total of 221 patients met eligibility criteria and were
included in this study, with 147 (66.5%) in the DFCI
cohort and 74 (33.5%) in the MGH cohort. The baseline
clinicopathological characteristics of the 221 patients
with advanced NSCLC (EGFR and ALK negative) and a
PD-L1 TPS >50% who received firstline pembrolizumab
are shown in table 1. The median age was 70 (range:
42-92), 95.9% were current/former smokers, and 80.1%
had adenocarcinoma histology. In the entire cohort of
patients, the median baseline dNLR was 2.5 (range 0.87—
13.31). In 86.9% of cases (n=192), the CBC used for anal-
ysis was collected on the same day prior to the first dose of
pembrolizumab (range 0-21 days prior to infusion).

Efficacy of pembrolizumab according to dNLR group
Among 221 patients with NSCLC and high-level PD-L1
treated with firstline commercial pembrolizumab, the
ORR was 40.2% (95% CI 33.1% to 47.3). At a median
follow-up of 26.9 months (95%CI 23.6 to 31.7), the
median PFS (mPFS) was 6.8 months (95% CI 5.1 to 8.6),
and the median OS (mOS) was 24.8 months (95% CI 17.8
to 30.7) calculated from the start date of immunotherapy.
Patients who experienced a complete or partial response
to pembrolizumab had a significantly lower median dNLR
than patients with a best objective response of stable or
progressive disease in the combined DFCI +MGH cohort
(ANLR 2.27 vs 2.72, p<0.001, figure 1A), as well as in the
individual DFCI and MGH cohorts (online supplemental
figure 1).

An unbiased recursive partitioning algorithm was
used to assess for an optimal dNLR value with respect to

Table 1 Clinical and pathological characteristics of the 221
patients

Clinical characteristic Overall cohort n=221

Age, median (range) 70 (42-92)
Sex

Male 100 (45.2)

Female 121 (54.8)
Smoking status

Current/former 212 (95.9)

Never 9 (4.1)
ECOG PS

PS 0-1 173 (79.4)

PS 2 45 (20.6)

N.A. 3
Histology

Adenocarcinoma 177 (80.1)

Squamous 23 (10.4)

NSCLC NOS 21 (9.5)
Oncogene driver

KRAS 80 (39.2)

BRAF 14 (6.9)

Other drivers* 19 (9.3)

None identified 91 (44.6)

None assessed 17
Allbumin

>3.5¢g/dL 159 (76.4)

<3.5g/dL 49 (23.6)

N.A. 13
PD-L1 expression

>90% 100 (45.2)

50%-89% 121 (54.8)
dNLR level

Median (range)

Blood draw (CBC)
Same day of infusion
1-30days before infusion

2.5 (0.87-13.31)

192 (86.9)
29 (13.1)

*Other drivers HER2, MET, and RET

CBC, complete blood count; dNLR, derived neutrophil-to-
lymphocyte ratio; ECOG PS, Eastern Cooperative Oncology Group
Performance Status; N.A, not available; NSCLC NOS, non-small
cell lung cancer not otherwise specified; PD-L1, programmed cell
death ligand 1.

ORR (online supplemental figure 2), which identified a
primary split at a dNLR level of 2.59. This dNLR value was
rounded up to 2.6 for further investigation; 124 patients
(56.1% of the combined cohort) had a dANLR <2.6and
97 patients (43.9% of the combined cohort) had a
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Figure 1 (A) Derived neutrophil-to-lymphocyte ratio (dNLR)
from patients with NSCLC who experienced complete/partial
response (CR/PR) or stable/progressive disease (SD/PD) as
the best objective response to pembrolizumab. (B) Objective
response rate, (C) progression-free survival (PFS), and (D)
overall survival (OS), in patients with a dNLR <2.6 vs >2.6.
NSCLC, non-small cell lung cancer. NR (not reached).

dNLR 22.6. Baseline clinicopathological characteristics
were generally balanced between the two cohorts in terms
of age, sex, performance status, tobacco use, histology,
KRAS mutation status, presence of other potentially targ-
etable driver mutations (BRAF, MET, HER2, RET), and
PD-LL1 TPS distribution (50%-89%vs >90%). Tumor
mutational burden (TMB) was available for a subset of
patients (n=111, 50.2%), and there was no significant
difference between the groups. Higher albumin levels
=23.5g/dL were more common among patients with a
dNLR <2.6 than 22.6 (p<0.001, table 2).

In patients with a dNLR <2.6, the ORR to pembroli-
zumab was 52.4% (95% CI 41.4% to 63.4%), which was
significantly higher than the ORR of 24.7% (95% CI
16.2% to 33.2%) observed in patients with a dNLR >2.6
(p<0.001, figure 1B). The mPFS was significantly longer
in the dNLR <2.6 group compared with dNLR 2>2.6
group (10.4 vs 3.4 months, HR 0.48, 95% CI 0.35 to 0.66,
p<0.001, figure 1C). The mOS was also significantly longer
in the dNLR <2.6 group compared with the dNLR >2.6
group (36.6 vs 9.8 months, HR 0.34, 95% CI 0.23 to 0.49,
p<0.001, figure 1D). In each of the independent cohorts
(DFCI and MGH), a dNLR <2.6 was associated with a
significantly higher ORR, longer mPFS, and longer mOS
to first-line pembrolizumab (online supplemental figure
3) (online supplemental table 1).

We also found that the ORR, PFS, and OS rates
improved with decreasing dNLR values when dNLR was
divided into tertiles (online supplemental figure 4A-C)
or quartiles (online supplemental figure D-F) in the
combined cohort of 221 patients. We found that a dNLR
in the lowest vs highest quintile was associated with higher
ORR (62.2 vs 18.2%), longer mPFS (17.1 vs 3.2 months),
and longer mOS (not reached vs 7.4 months) to first-line
pembrolizumab (figure 2). Individual immune cells and
outcomes to pembrolizumab are shown in online supple-
mental figure 5). Highlighting the continuous nature of
dNLR, we also observed the impact of increasing dNLR

Table 2 Distribution of clinical characteristics by dNLR
level

dNLR <2.6 dNLR >2.6

Clinical characteristic n=124 n=97 P value
Age
<70 59 (65.3) 51 (52.6) 0.49
>70 65 (44.7) 46 (47.4)
ECOG PS
PS 0-1 100 (81.9) 73 (76.0) 0.31
PS 2 22 (18.1) 23 (24.0)
NA 2 1
Sex
Male 59 (47.6) 41 (42.3) 0.49
Female 65 (562.4) 56 (57.7)
Smoking status
Current/former 119(96.0) 93 (95.9) 0.61
Never 5 (4.0 4(4.1)
Histology
Adenocarcinoma 105 (84.7) 72 (74.2) 0.07
Squamous 8 (6.4) 15 (15.5)
NOS 11 (8.9) 10 (10.3)
TMB, median (mut/Mb) 9.9 9.9 0.60
Oncogene driver
KRAS 39 (33.3) 41 (47.1) 0.08
BRAF 8 (6.8) 6 (6.9)
Other drivers*® 15 (12.9) 4 (4.6)
None identified 55 (47.0) 36 (41.4)
None assessed 7 10
Allbumin
>3.5g/dL 104 (86.7) 55 (62.5) <0.001
<3.5¢g/dL 16 (13.3) 33 (37.5)
NA 4 9
PD-L1 expression
>90% 54 (43.5) 46 (47.4) 0.58
50%-89% 70 (56.5) 51 (52.6)

*Other drivers, HER2, MET, and RET.

dNLR, derived neutrophil-to-lymphocyte ratio; ECOG PS, Eastern
Cooperative Oncology Group Performance Status; N.A., not
available; NSCLC NOS, non-small cell lung cancer not otherwise
specified; PD-L1, programmed cell death ligand 1; TMB, tumor
mutational burden.

values and worsening clinical outcomes to ICI in a larger
cohort of patients (n=924, (online supplemental table 2)
who received immunotherapy as any line of therapy (first-
line or subsequent line, online supplemental figure 6).
As a very high PD-L1 expression levels (TPS 290%) are
associated with improved clinical outcomes to pembroli-
zumab in the firstline setting,”® ** we also investigated
the impact of dNLR among NSCLCs with a PD-L1 TPS
of 290% and 50%-89%. In the cohort of 221 cases,
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Figure 2 (A) Objective response rate, (B) progression-free
(PFS), and (C) overall survival (OS) by quintiles of derived
neutrophil-to-lymphocyte ratio (ANLR) values in the cohort of

first-line pembrolizumab-treated patients.

100 (45.2%) and 121 (54.8%) of NSCLCs had a PD-L1
expression level of 290%and 50%-89%, respectively.
In the PD-L1 TPS 290% subgroup, a dNLR grouping
of <2.6 vs 22.6 was also significantly associated with immu-
notherapy efficacy in terms of ORR (59.3% vs 34.8%;
p=0.01), mPFS (13.6 months vs 4.0 months; HR 0.52, 95%
CI 0.32 to 0.86; p=0.01), and mOS (40.1 months vs 13.2
months; HR 0.34, 95% CI 0.19 to 0.63; p<0.001) (online
supplemental figure 7A-C). Similarly, among cases with a
PD-L1 TPS of 50%-89%, a ANLR <2.6 conferred a higher
ORR (47.1% vs 15.7%; p<0.001), a significantly longer
mPFS (8.4 months vs 2.8 months; HR 0.40, 95% CI 0.27
to 0.61; p<0.001), and a significantly longer mOS (36.6
months vs 8.1 months; HR 0.33, 95% CI 0.20 to 0.54;
p<0.001) compared with cases with dNLR 22.6 (online
supplemental figure 7D-F).

Multivariable analysis

After adjusting for age, sex, tobacco use, performance
status, histology, serum albumin level, oncogenic driver
status, and PD-L1 distribution (50%-89% vs 290%),
the presence of a dNLR <2.6 was confirmed to be inde-
pendently associated with longer mPFS (HR 0.47, 95% CI
0.33 to 0.67, p<0.001) and mOS (HR 0.32, 95% CI 0.21
to 0.49, p<0.001) in multivariable analysis (online supple-
mental table 3). A low dNLR <2.6also demonstrated
improved immunotherapy outcomes in univariate and
multivariable analysis in the independent DFCI (online
supplemental table 4) and MGH cohorts (online supple-
mental table 5

Early dNLR change correlates with clinical outcomes to
pembrolizumab

We next examined whether a change in the dNLR
between baseline to the second cycle of pembrolizumab
was associated with clinical outcomes. Among patients
who initially had an unfavorable baseline dNLR >2.6
prior to starting first-line pembrolizumab we found that a
decrease in dNLR at cycle 2 was associated with a higher
ORR (37% vs 11.1%; p=0.02), longer mPFS (4.1 months vs
2.1 months; HR 0.50, 95% CI 0.30 to 0.83; p=0.007), and
longer mOS (18.1 months vs 6.0 months; HR 0.40, 95%
CI 0.23 to 0.69; p<0.001), when compared with patients
with an increase in dNLR at cycle 2 (figure 3A-C).
By contrast, among patients with a favorable baseline
dNLR <2.6, we did not observe significant differences in

Overa urva (%)
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Figure 3 (A) Objective response rate, (B) progression-free
survival (PFS), and (C) overall survival (OS) to pembrolizumab
in patients with a baseline dNLR of >2.6, followed by

a decrease or an increase in dNLR at cycle 2 (C2) of
pembrolizumab. (D) Objective response rate, (E) PFS, and

(F) OS to pembrolizumab in patients with a baseline dNLR

of <2.6, followed by a decrease or an increase in dNLR at
cycle 2 (C2) of pembrolizumab. dLNR, derived neutrophil-to-
lymphocyte ratio. NR (not reached).

clinical outcomes to pembrolizumab whether there was
a subsequent increase or decrease in dNLR at cycle 2
(figure 3D-F). Among patients with a decrease in dNLR
at cycle 2, the level of decrease (<25%vs 225%) did not
significantly impact clinical outcomes to pembrolizumab
(online supplemental figure 8).

Association of dNLR with immunophenotype of the TME

To better understand how a peripheral blood dNLR might
be associated with improved tumorous responses to IClIs,
we performed mlIF for CD8, FOXP3, PD-1, and PD-L1 on
a separate cohort of 243 NSCLCs at DFCI (n=141 early
stage; n=102 advanced stage) to correlate dNLR with
tumor immunophenotype.

Compared with cases with dNLR 2>2.6 (n=84), we
found that patients with a dNLR <2.6 (n=159) at the
time of tumor biopsy had significantly higher numbers
of CD8+, PD-1 +immune cells, and PD-1 +CD8+T cells,
IT, within the TSI, and in total (IT+TSI) (figure 4). Addi-
tionally, patients with a dNLR <2.6also had significantly
higher number of FOXP3 +T cells both IT and in total,
as shown in figure 4. By contrast, the PD-L1 expression
levels on tumor cells, on immune cells, and in total, were
not significantly different between dNLR high and low
groups (online supplemental figure 9). We also observed
that the immune cell subsets increased with decreasing
dNLR values when dNLR was divided into quartiles
and quintiles (online supplemental figures 10 and 11).
Among the subset of NSCLCs with advanced stage disease
and a PD-L1 TPS 250% by IHC (n=46), a dNLR <2.6 was
still significantly associated with enrichment of IT CD8+,
PD-1+, PD-1 +CD8+, and FOXP3 +cells (online supple-
mental figure 12). In this subgroup, 33 of 46 cases subse-
quently received first-line pembrolizumab, with a median
interval between biopsy with ImmunoProfile and treat-
ment initiation of 40 days (range 6-180).
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Figure 4 Distribution of intratumoral, tumor-stroma
interface, and total (intratumoral +tumor-stroma interface)
(A) CD8 +T cells, (B) PD-1 +immune cells, (C) PD-1 +CD8+T
cells, and (D) FOXP3 +T cells in tumors according to derived
neutrophil-to-lymphocyte ratio (dNLR) group (<2.6vs >2.6).

An increasing dNLR was associated with decreases in
CD8+, PD-1+, PD-1 +CD8+, and FOXP3 +cells IT and
in total but not at the tumor-stromal interface (online
supplemental figure 13). An increasing dNLR was asso-
ciated with increasing tumorous PD-L1 expression, but
there was no significant association with PD-L1 expres-
sion on immune cells or in total (online supplemental
figure 14).

DISCUSSION

In this study, we report that among patients with NSCLC
and a PD-L1 expression level 250% treated with first-line
pembrolizumab, clinical outcomes are improved with
decreasing dNLR levels and particularly a dNLR <2.6.
Additionally, for patients with an unfavorable baseline
dNLR 22.6 prior to starting pembrolizumab, a subse-
quent decrease in ANLR at cycle 2 of pembrolizumab was
associated with better clinical outcomes than for patients
who experienced an increase in dNLR at cycle 2. We also
demonstrate that an increased peripheral blood dNLR is
associated with decreased immune cells within the TME.
To our knowledge, this study represents the largest retro-
spective cohort of patients with advanced NSCLC and a
PD-L1 TPS >50% treated with firstline pembrolizumab
and dNLR analysis to date.

PD-L1 expression levels often impact current treatment
decisions in the first-line setting for patients with NSCLC
lacking targetable genomic alterations.'* ** Although
high levels of PD-L1 on tumor cells enrich for response
to immunotherapy, less than half of patients with NSCLC
and a PD-L1 TPS >50% respond to pembrolizumab
monotherapy.'* A lingering question is whether to use
single-agent PD-(L)1 inhibition or a PD-(L)1 inhibitor
plus chemotherapy in patients with NSCLC and a PD-L1
level of 250% since there has been no direct comparison
between the two regimens in this population. Our results
suggest that patients with NSCLC and a low baseline

dNLR might have favorable outcomes to pembrolizumab
monotherapy and avoid the potential added toxicities of
immunotherapy plus chemotherapy.** **

Our observation thatan early increase in dNLR between
cycle 1 and cycle 2 of pembrolizumab in patients with a
baseline dNLR value 22.6 is associated with worse clinical
outcomes may identify individuals who are at greatest risk
for disease progression on pembrolizumab monotherapy
prior to radiological assessment. In these patients, an
early identification of non-response to pembrolizumab
through dNLR monitoring could potentially inform how
to implement alternative therapeutic approaches in a
timely fashion. In contrast to a previous report showing
thata moderate decrease in NLR, butnotasteep decrease,
was associated with response to immunotherapy,’ we did
not find that a drop in dNLR by >25% vs<25% impacted
ORR, PFS, or OS to pembrolizumab. While the prior study
was also conducted on a large cohort of patients, base-
line clinicopathological characteristics were not reported
among those who received ICIs; therefore, whether
imbalances in such features and other contributors could
have impacted the outcomes is unknown. Lastly, a recent
retrospective analysis of 115 patients with NSCLC treated
with PD-(L)1 inhibitors showed that a low pretreatment
NLR may predict for the occurrence of immune-related
adverse events (irAEs); whether dNLR changes may
further correlated with the risk of irAE develop needs to
be assessed in future studies.”

There are an increasing number of continuous
biomarkers associated with ICI efficacy, including PD-L1
expression, infiltrating immune cells, and TMB.***® Like-
wise, dNLR appears to behave in a continuous fashion,
both in terms of therapeutic outcomes to ICI, and also
with the tumor immunophenotype. To gain insight of
the potential mechanism by which dNLR in the periph-
eral blood was associated with PD-1 efficacy in NSCLC,
we interrogated the immune cell infiltrates by mIF, and
found that tumors display distinct immunophenotypes
according to dNLR level. In our cohort of NSCLC samples,
increasing dNLR values were associated with decreases in
tumor immune infiltrates. Importantly, increasing levels
of CD8 +T cells and PD-1 expression by CD8 +T cells
within the TME of NSCLCs have shown improved clinical
outcomes with PD-1 blockade.* Therefore, integration of
TMB and PD-L1 expression with dNLR may refine treat-
ment selection for patients with NSCLC.®* In addition,
examination of the immunophenotype of circulating
immune cells along with dNLR may help determine
which patients are more likely to respond to ICIs."”?!

Our study is limited by its retrospective nature. Further-
more, a different ANLR cut-off of 2.6 was used in this
study compared with a dNLR of 3 previously reported in
NSCLC.* However, the dNLR threshold of $ was previ-
ously derived from patients with melanoma receiving
ipilimumab.”™ ** Here, using an unbiased approach, we
identified a dANLR cut-off of 2.6 as the strongest discrim-
inator of response to firstline pembrolizumab in two
independent cohorts of NSCLC. In contrast to similar
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studies that included patients on corticosteroid therapy
at the time of dNLR assessment, our study only examined
cases with no history of steroid use, which may reflect a
more accurate relationship between dNLR and ICI effi-
cacy because corticosteroid administration can increase
the peripheral neutrophil count.” Lastly, the predictive
role of dNLR for first-line treatment with pembrolizumab
in patients with NSCLCs and a PD-L.1 TPS >50% needs to
be validated prospectively.

In conclusion, NSCLCs with PD-LL.1 TPS >50% and a low
dNLR have a distinct immune microenvironment and
more favorable outcomes to firstline pembrolizumab.
Therefore, additional strategies to antagonize neutro-
phils and correlated pathways may represent a viable
secondary therapeutic strategy to enhance ICI treatment
outcomes. Furthermore, incorporation of dNLR may
have implications for treatment decision making, guide
the design of clinical trials, and the direction of future
research in this area.

Author affiliations

"Lowe Center for Thoracic Oncology, Dana Farber Cancer Institute, Boston,
Massachusetts, USA

%Department of Medicine, Harvard Medical School, Boston, Massachusetts, USA
3Department of Medicine, Massachusetts General Hospital Cancer Center, Boston,
Massachusetts, USA

“Department of Radiology, Brigham and Women’s Hospital and Dana-Farber Cancer
Institute, Boston, Massachusetts, USA

SKnowledge Systems Group, Dana-Farber Cancer Institute, Boston, Massachusetts,
USA

SImmunoProfile, Brigham & Women’s Hospital and Dana-Farber Cancer Institute,
Boston, Massachusetts, USA

"Department of Pathology, Brigham and Women’s Hospital, Boston, Massachusetts,
USA

8Center for Inmuno-Oncology, Dana-Farber Cancer Institute, Boston,
Massachusetts, USA

Twitter Joao V Alessi @alessi_joao and Mark M. Awad @DrMarkAwad

Acknowledgements We are grateful to Howard Cox for his support of
ImmunoProfile and the DFCI.

Contributors The study conducts and design: JVA, BR, JFG, and MMA; data
acquisition: JVA, BR, SLA, AAB, MN, and MS; statistical analysis: JVA and BR; data
interpretation: JVA, BR, JJL, JFG, and MMA; drafting the manuscript or revising it
critically: all authors; final approval of the manuscript: all authors.Guarantors: JVA,
BR, and MMA.

Funding The authors have not declared a specific grant for this research from any
funding agency in the public, commercial or not-for-profit sectors.

Competing interests MMA serves as a consultant to Merck, Bristol-Myers
Squibb, Genentech, AstraZeneca, Nektar, Maverick, Blueprint Medicine, Syndax,
Abbvie, Gritstone, ArcherDX, Mirati, NextCure, and EMD Serono. Research

Funding: Bristol-Myers Squibb, Lilly, Genentech and AstraZeneca. JFG has served
as a compensated consultant or received honoraria from Bristol-Myers Squibb,
Genentech, Ariad/Takeda, Loxo, Pfizer, Incyte, Novartis, Merck, Agios, Amgen,
Jounce, Karyopharm, GlydeBio, Regeneron, Oncorus, Helsinn, Jounce, Array, and
Clovis Oncology, has an immediate family member who is an employee with

equity in Ironwood Pharmaceuticals, has received research funding from Novartis,
Genentech/Roche, and Ariad/Takeda, and institutional research support from Tesaro,
Moderna, Blueprint, BMS, Jounce, Array, Adaptimmune, Novartis, Genentech/Roche,
Alexo and Merck. JJL has served as a compensated consultant for Genentech,

C4 Therapeutics, Blueprint 2 Medicines, Nuvalent, Turning Point Therapeutics,

and Elevation Oncology; received honorarium 3 and travel support from Pfizer;
received institutional research funds from Hengrui Therapeutics, 4 Turning Point
Therapeutics, Neon Therapeutics, Relay Therapeutics, Bayer, Elevation 5 Oncology,
Roche, and Novartis; received CME funding from OncLive, MedStar Health, and 6

Northwell Health. MN Consultant to Daiichi Sankyo, AstraZeneca; Research grant
from Merck, Canon Medical Systems, AstraZeneca, Daiichi Sankyo; Honorarium
from Roche. MN is also supported by R01CA203636 and U01CA209414 (NCI)). JVA,
BR, SLA, AAB, MS, VRV, JL, MMT, KP, BS, KDF, and SJR: nothing to disclose.

Patient consent for publication Not required.

Ethics approval We also included a separate cohort of 243 NSCLCs from DFCI
who provided written informed consent to institutional review board-approved
protocols DF/HCC #11-104 or #17-000 and who underwent successful multiplexed
immunofluorescence (mlF) testing on tumor samples.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available on reasonable request. The
data that support the finding of our study are available on request from the
corresponding author.

Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those

of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs

Joao V Alessi http://orcid.org/0000-0002-8072-5946
Biagio Ricciuti http://orcid.org/0000-0002-0651-2678
Mark M. Awad http://orcid.org/0000-0003-0928-5244

REFERENCES

1 Rosales C. Neutrophil: a cell with many roles in inflammation or
several cell types? Front Physiol 2018;9.

2 Jaillon S, Ponzetta A, Di Mitri D, et al. Neutrophil diversity and
plasticity in tumour progression and therapy. Nat Rev Cancer
2020;20:485-503.

3 Faget J, Peters S, Quantin X, et al. Neutrophils in the era of immune
checkpoint blockade. J Immunother Cancer 2021;9:e002242.

4 Howard R, Kanetsky PA, Egan KM. Exploring the prognostic value of
the neutrophil-to-lymphocyte ratio in cancer. Sci Rep 2019;9:19673.

5 Kargl J, Zhu X, Zhang H, et al. Neutrophil content predicts
lymphocyte depletion and anti-PD1 treatment failure in NSCLC. JC/
Insight 2019;4. doi:10.1172/jci.insight.130850. [Epub ahead of print:
1912 2019].

6 Valero C, Lee M, Hoen D, et al. Pretreatment neutrophil-to-
lymphocyte ratio and mutational burden as biomarkers of
tumor response to immune checkpoint inhibitors. Nat Commun
2021;12:729.

7 Shaul ME, Fridlender ZG. Tumour-associated neutrophils in patients
with cancer. Nat Rev Clin Oncol 2019;16:601-20.

8 Jiang T, Bai Y, Zhou F, et al. Clinical value of neutrophil-to-
lymphocyte ratio in patients with non-small-cell lung cancer treated
with PD-1/PD-L1 inhibitors. Lung Cancer 2019;130:76-83.

9 Li M, Spakowicz D, Burkart J, et al. Change in neutrophil to
lymphocyte ratio during immunotherapy treatment is a non-linear
predictor of patient outcomes in advanced cancers. J Cancer Res
Clin Oncol 2019;145:2541-6.

10 Kumagai S, Togashi Y, Kamada T, et al. The PD-1 expression balance
between effector and regulatory T cells predicts the clinical efficacy
of PD-1 blockade therapies. Nat Immunol 2020;21:1346-58.

11 Veglia F, Sanseviero E, Gabrilovich DI. Myeloid-derived suppressor
cells in the era of increasing myeloid cell diversity. Nat Rev Immunol
2021;21:485-98.

12 Takada K, Takamori S, Yoneshima Y, et al. Serum markers
associated with treatment response and survival in non-small cell
lung cancer patients treated with anti-PD-1 therapy. Lung Cancer
2020;145:18-26.

Alessi JV, et al. J Immunother Cancer 2021;9:e003536. doi:10.1136/jitc-2021-003536


https://twitter.com/alessi_joao
https://twitter.com/DrMarkAwad
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-8072-5946
http://orcid.org/0000-0002-0651-2678
http://orcid.org/0000-0003-0928-5244
http://dx.doi.org/10.3389/fphys.2018.00113
http://dx.doi.org/10.1038/s41568-020-0281-y
http://dx.doi.org/10.1136/jitc-2020-002242
http://dx.doi.org/10.1038/s41598-019-56218-z
http://dx.doi.org/10.1172/jci.insight.130850
http://dx.doi.org/10.1172/jci.insight.130850
http://dx.doi.org/10.1038/s41467-021-20935-9
http://dx.doi.org/10.1038/s41571-019-0222-4
http://dx.doi.org/10.1016/j.lungcan.2019.02.009
http://dx.doi.org/10.1007/s00432-019-02982-4
http://dx.doi.org/10.1007/s00432-019-02982-4
http://dx.doi.org/10.1038/s41590-020-0769-3
http://dx.doi.org/10.1038/s41577-020-00490-y
http://dx.doi.org/10.1016/j.lungcan.2020.04.034

13

14

15

16

17

18

19

20

21

22

23

24

Kazandjian D, Gong Y, Keegan P, et al. Prognostic value of the lung
immune prognostic index for patients treated for metastatic non-
small cell lung cancer. JAMA Oncol 2019;5:1481-5.

Reck M, Rodriguez-Abreu D, Robinson AG, et al. Pembrolizumab
versus chemotherapy for PD-L1-positive non-small-cell lung cancer.
N Engl J Med 2016;375:1823-33.

Herbst RS, Giaccone G, de Marinis F, et al. Atezolizumab for first-line
treatment of PD-L1-Selected patients with NSCLC. N Engl J Med
2020;383:1328-39.

Gandhi L, Rodriguez-Abreu D, Gadgeel S, et al. Pembrolizumab plus
chemotherapy in metastatic non-small-cell lung cancer. N Engl J
Med 2018;378:2078-92.

Paz-Ares L, Luft A, Vicente D, et al. Pembrolizumab plus
chemotherapy for squamous Non-Small-Cell lung cancer. N Engl J
Med Overseas Ed 2018;379:2040-51.

Socinski MA, Jotte RM, Cappuzzo F, et al. Atezolizumab for first-
line treatment of metastatic nonsquamous NSCLC. N Engl J Med
Overseas Ed 2018;378:2288-301.

West H, McCleod M, Hussein M, et al. Atezolizumab in combination
with carboplatin plus nab-paclitaxel chemotherapy compared with
chemotherapy alone as first-line treatment for metastatic non-
squamous non-small-cell lung cancer (IMpower130): a multicentre,
randomised, open-label, phase 3 trial. Lancet Oncol 2019;20:924-37.
Feng Z, Puri S, Moudgil T, et al. Multispectral imaging of formalin-
fixed tissue predicts ability to generate tumor-infiltrating lymphocytes
from melanoma. J Immunother Cancer 2015;3:47.

Bogusz AM, Baxter RHG, Currie T, et al. Quantitative
immunofluorescence reveals the signature of active B-cell receptor
signaling in diffuse large B-cell lymphoma. Clin Cancer Res
2012;18:6122-35.

Aguilar EJ, Ricciuti B, Gainor JF, et al. Outcomes to first-line
pembrolizumab in patients with non-small-cell lung cancer and very
high PD-L1 expression. Ann Oncol 2019;30:1653-9.

Cortellini A, Tiseo M, Banna GL, et al. Clinicopathologic correlates
of first-line pembrolizumab effectiveness in patients with advanced
NSCLC and a PD-L1 expression of >50%. Cancer Immunol
Immunother 2020;69:2209-21.

Mok TSK, Wu Y-L, Kudaba |, et al. Pembrolizumab versus
chemotherapy for previously untreated, PD-L1-expressing, locally

25

26

27

28

29

30

31

32

33

34

advanced or metastatic non-small-cell lung cancer (KEYNOTE-042):
a randomised, open-label, controlled, phase 3 trial. Lancet
2019;393:1819-30.

Fujimoto A, Toyokawa G, Koutake Y, et al. Association between
pretreatment neutrophil-to-lymphocyte ratio and immune-related
adverse events due to immune checkpoint inhibitors in patients with
non-small cell lung cancer. Thorac Cancer 2021;12:2198-204.

Rizvi NA, Hellmann MD, Snyder A, et al. Cancer immunology.
mutational landscape determines sensitivity to PD-1 blockade in
non-small cell lung cancer. Science 2015;348:124-8.

Hellmann MD, Ciuleanu T-E, Pluzanski A, et al. Nivolumab plus
ipilimumab in lung cancer with a high tumor mutational burden. N
Engl J Med 2018;378:2093-104.

Tumeh PC, Harview CL, Yearley JH, et al. PD-1 blockade induces
responses by inhibiting adaptive immune resistance. Nature
2014;515:568-71.

Wu S-P, Liao R-Q, Tu H-Y, et al. Stromal PD-L1-positive regulatory
T cells and PD-1-positive CD8-Positive T cells define the response
of different subsets of non-small cell lung cancer to PD-1/PD-L1
blockade immunotherapy. J Thorac Oncol 2018;13:521-32.

Guo H, Diao L, Zhou X, et al. Artificial intelligence-based analysis for
immunohistochemistry staining of immune checkpoints to predict
resected non-small cell lung cancer survival and relapse. Transl Lung
Cancer Res 2021;10:2452-74.

Mezquita L, Preeshagul |, Auclin E, et al. Predicting immunotherapy
outcomes under therapy in patients with advanced NSCLC using
dNLR and its early dynamics. Eur J Cancer 2021;151:211-20.
Mezquita L, Auclin E, Ferrara R, et al. Association of the lung immune
prognostic index with immune checkpoint inhibitor outcomes in
patients with advanced non-small cell lung cancer. JAMA Oncol
2018;4:351-7.

Weide B, Martens A, Hassel JC, et al. Baseline biomarkers for
outcome of melanoma patients treated with pembrolizumab. Clin
Cancer Res 2016;22:5487-96.

Fauci AS, Dale DC, Balow JE. Glucocorticosteroid therapy:
mechanisms of action and clinical considerations. Ann Intern Med
1976;84:304-15.

Alessi JV, et al. J Immunother Cancer 2021;9:¢003536. doi:10.1136/jitc-2021-003536


http://dx.doi.org/10.1001/jamaoncol.2019.1747
http://dx.doi.org/10.1056/NEJMoa1606774
http://dx.doi.org/10.1056/NEJMoa1917346
http://dx.doi.org/10.1056/NEJMoa1801005
http://dx.doi.org/10.1056/NEJMoa1801005
http://dx.doi.org/10.1056/NEJMoa1810865
http://dx.doi.org/10.1056/NEJMoa1810865
http://dx.doi.org/10.1056/NEJMoa1716948
http://dx.doi.org/10.1056/NEJMoa1716948
http://dx.doi.org/10.1016/S1470-2045(19)30167-6
http://dx.doi.org/10.1186/s40425-015-0091-z
http://dx.doi.org/10.1158/1078-0432.CCR-12-0397
http://dx.doi.org/10.1093/annonc/mdz288
http://dx.doi.org/10.1007/s00262-020-02613-9
http://dx.doi.org/10.1007/s00262-020-02613-9
http://dx.doi.org/10.1016/S0140-6736(18)32409-7
http://dx.doi.org/10.1111/1759-7714.14063
http://dx.doi.org/10.1126/science.aaa1348
http://dx.doi.org/10.1056/NEJMoa1801946
http://dx.doi.org/10.1056/NEJMoa1801946
http://dx.doi.org/10.1038/nature13954
http://dx.doi.org/10.1016/j.jtho.2017.11.132
http://dx.doi.org/10.21037/tlcr-21-96
http://dx.doi.org/10.21037/tlcr-21-96
http://dx.doi.org/10.1016/j.ejca.2021.03.011
http://dx.doi.org/10.1001/jamaoncol.2017.4771
http://dx.doi.org/10.1158/1078-0432.CCR-16-0127
http://dx.doi.org/10.1158/1078-0432.CCR-16-0127
http://dx.doi.org/10.7326/0003-4819-84-3-304

	Low peripheral blood derived neutrophil-­to-­lymphocyte ratio (dNLR) is associated with increased tumor T-­cell infiltration and favorable outcomes to first-­line pembrolizumab in non-­small cell lung cancer
	Abstract
	Background
	Methods
	Study population
	Statistical analysis
	Programmed death ligand 1 testing
	Multiplexed immunofluorescence (ImmunoProfile)

	Results
	Patient population and dNLR
	Efficacy of pembrolizumab according to dNLR group
	Multivariable analysis
	Early dNLR change correlates with clinical outcomes to pembrolizumab
	Association of dNLR with immunophenotype of the TME

	Discussion
	References


