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Differential prognostic effect of systemic inflammation
in patients with non-small cell lung cancer treated with
immunotherapy or chemotherapy: A post hoc analysis of the
phase 3 OAK trial
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BACKGROUND: A proinflammatory diathesis, as measured by the neutrophil to lymphocyte ratio (NLR), heralds an adverse disease course
for non-small cell lung cancer (NSCLC). METHODS: This post hoc analysis used data from the phase 3 OAK trial (NCT02008227), which ran-
domized previously treated patients with NSCLC to atezolizumab or docetaxel. The main objective was assessing the differential impact of
the pretreatment NLR on overall survival according to the treatment modality. In addition, patients’ genomic characteristics were assessed
according to their inflammatory status with a circulating free DNA (cfDNA) next-generation sequencing (NGS) analysis. RESULTS: In all,
600 and 575 patients with NLR data were included in the atezolizumab and docetaxel cohorts, respectively, with a median NLR of 4 (inter-
quartile range, 2.6-6.7) for the pooled population. An NLR >4 was associated with a positive smoking status (88.6% vs. 78.1%; p<.01), male
sex (66.4% vs. 57.6%; p = .01), a worse performance status (71.3% vs. 55.2%; p<.01), a higher number of metastatic sites (63.2% vs. 51.6%;
p =.01), squamous histology (32.1% vs. 21.4%; p<.01), and tissue KRAS mutations (30% vs. 18.7%; p = .02) but not with programmmed death li-
gand 1 (PD-L1) expression or the tissue epidermal growth factor receptor (EGFR)/anaplastic lymphoma kinase (ALK) status. A pretreatment
NLR >4 was more strongly associated with mortality after atezolizumab (adjusted hazard ratio [HR], 1.64; 95% confidence interval [Cl], 1.35-
2.01) versus docetaxel (HR, 1.32; 95% Cl, 1.08-1.60; multivariable [MVA] interaction p = .0869). The HR for an increased risk of death for PD-
L1-negative/NLR >4 patients (compared with PD-L1-positive/NLR <4 patients) was significantly higher in the atezolizumab cohort (MVA
interaction p = .01). The exclusion of EGFR/ALK-positive patients further increased the prognostic ability of the baseline NLR in favor of
atezolizumab (MVA interaction p =.02). Pretreatment cfDNA data from NGS showed that patients with a high blood tumor mutation burden
(cutoff, 16 mut/Mb) had a higher median NLR (4.6 vs. 3.7; p = .01). After adjustments for multiple comparisons, none of the selected variants
of interest (EGFR, KRAS, TP53, KEAPI, STKI1l, SMARCA4, ARIDIA, and targeted DNA damage response and repair genes) were significantly
associated with the NLR. CONCLUSIONS: A low baseline NLR identified patients with NSCLC who derived a greater survival benefit from
atezolizumab in comparison with those identified in the docetaxel cohort. The NLR could complement PD-L1 expression in tailoring treat-
ment in this setting. Cancer 2022;128:3067-3079. © 2022 The Authors. Cancer published by Wiley Periodicals LLC on behalf of American
Cancer Society. This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits
use, distribution and reproduction in any medium, provided the original work is properly cited and is not used for commercial purposes.
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INTRODUCTION

Responses to immunotherapy are underscored by a complex interplay between host and tumoral factors. In the context of

metastatic non—small cell lung cancer (NSCLC), for which the treatment landscape is continuously evolving, additional pre-

dictive biomarkers beyond programmed death ligand 1 (PD-L1) tumor expression are the focus of intense research efforts."?
The presence of a systemic inflammatory reaction is deemed to reflect the release of cytokines by the tumor it-

self or as part of the host response against it.>* Inflammation has been recognized for a long time as a pathogenic
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driver of cancer-related cachexia and nutritional decline,
features that portend an adverse prognosis for patients
with NSCLC.” An excess of proinflammatory circulat-
ing cytokines often leads to a state of peripheral blood
neutrophilia and reactive lymphopenia, which cause the
neutrophil to lymphocyte ratio (NLR) to increase.® As
a routinely available, reproducible, and inexpensive bio-
marker of activation of innate immunity, the NLR is one
of the most investigated biomarkers in patients treated
with immune checkpoint inhibitors (ICIs).”

The pretreatment NLR has been investigated alone
and in combination with platelet counts and serum lac-
tate dehydrogenase to derive composite indices, which
have proved to have a strong prognostic value for patients
with NSCLC treated with ICls across different treatment
lines and PD-L1 tumor expression levels.*'* However,
for patients with lung cancer, the prognostic role of in-
flammatory indices is already known in other treatment
settings and strategies, including surgery and chemother-
apy11_13; this leaves unanswered questions about their
possibly enhanced role with immunotherapy.

The OAK trial (NCT02008227), a pivotal, ran-
domized, phase 3 study, enrolled patients with advanced
NSCLC to receive either atezolizumab or docetaxel, and
it confirmed a survival benefit for immunotherapy over
chemotherapy. Its sample size, primary end point, and
eligibility criteria, which allowed patients with tumors
of unselected histology/PD-L1 expression levels to be en-
rolled, have made the OAK trial the optimal context for
assessing the potentially different prognostic values of the
NLR for chemotherapy and immunotherapy.

In light of expanding evidence showing that the
NLR is associated with an immune-exhausted tumor mi-
croenvironment,14 we also sought to determine whether
a high NLR was associated with the tumor mutation
burden (TMB) or other genomic characteristics by using
next-generation sequencing (NGS) of pretreatment circu-
lating free DNA (cfDNA) samples.

MATERIALS AND METHODS

The aim of this post hoc analysis was to evaluate the differ-
ential prognostic impact of systemic inflammation meas-
ured through the baseline NLR in patients with advanced
NSCLC treated with either immunotherapy or chemo-
therapy. To this purpose, we performed this study with data
from the phase 3 OAK trial® (NCT02008227), which
included patients with measurable, previously treated
NSCLC who had been randomly assigned to receive ei-
ther atezolizumab or docetaxel. The study was conducted

3068

in accordance with the Declaration of Helsinki, and ap-
proval was obtained from all local ethics committees.

The study methodology has been published in detail
previously; patients were randomized 1:1, and the pri-
mary end point was overall survival (OS)."”"" Patients
with oncogene-addicted disease, including epidermal
growth factor recepror (EGFR) mutations and anaplastic
lymphoma kinase (ALK) receptor tyrosine kinase gene
translocations, who had received prior targeted therapy
were allowed to participate in the trial."”” The OAK trial
included 1225 patients in the secondary intention-to-
treat population, but only patients who received the as-
signed treatment were included in this analysis. Efficacy
data were extracted at the time of the secondary analysis;
the data cutoff was January 23, 2017.

Pretreatment full blood count information to com-
pute the baseline NLR for each patient was collected
during the 28-day screening window; patients with miss-
ing baseline NLR data were excluded from the analysis.
For clinicopathologic and survival analyses, the NLR
value was categorized as >4 or <4 in line with previous
evidence from the literature.®'®

We first evaluated the associations between the base-
line NLR and clinicopathologic characteristics within the
pooled population, and we subsequently reported the
distribution of patients’ features/baseline NLRs across
the atezolizumab and docetaxel cohorts. Patients OS
was elected as the clinical end point of interest, whereas
progression-free survival (PES) was set as a secondary end
point. After the prognostic impact of the baseline NLR
in the atezolizumab and docetaxel cohorts was described
with univariable analyses, key clinicopathologic charac-
teristics, including age (>65 vs. <65 years), sex (male vs.
female), Eastern Cooperative Oncology Group (ECOG)
performance status (PS; —1 vs. 0), smoking status (ever
vs. never smoker), tumor histology (squamous vs. non-
squamous), number of metastatic sites (>2 vs. <2), and
number of prior therapies (1 vs. 2), were screened within
the pooled population to build fixed multivariable models
for OS and PFS and to evaluate the interaction term be-
tween the treatment modality (atezolizumab or docetaxel)
and the NLR. We then adjusted the impact of the NLR in
both cohorts by using the established fixed multivariable
models.

In light of the continuous nature of the NLR, we
additionally explored the impact of the NLR as a continu-
ous covariate on the risk of death and disease progression/
death, and we assessed its stratification ability for OS by
using the top 20th, 40th, 60th, and 80th percentiles as
tentative cutoffs in each cohort separately."”
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In order to evaluate the complementary effect of
the NLR and PD-L1 expression on patients’ outcomes,
tumor PD-L1 was not included as an adjusting covariate
in the fixed models and was assessed separately. We then
stratified patients into three categories—good progno-
sis (NLR-low and PD-L1—positive status), intermediate
prognosis (either NLR-low status or PD-L1-positive sta-
tus), and poor prognosis (NLR-high and PD-L1-negative
status)—as previously reported.20 A centralized PD-
L1 assessment of tumor cells (TC1, TC2, or TC3) and
tumor-infiltrating immune cells (IC1, IC2, or IC3) was
performed and previously described'>*; for the purposes
of this analysis, patients were categorized as positive or
negative for PD-L1 (a TC or IC score of at least 1 vs. no
expression in either tumor cells or immune cells).

In light of the well-established diminished efficacy of
single-agent PD-1/PD-L1 checkpoint inhibitors in patients

with oncogene-addicted tumors, >

we performed an ad-
ditional analysis of OS after the exclusion of patients whose

tumors harbored £ZGFR mutations and ALK translocations.

Blood tumor mutation burden and targeted
cfDNA analysis

For patients included in the primary analysis of the OAK
trial (V.= 850), peripheral blood was tested with the
blood-based FoundationOne Liquid CDx NGS assay,”
which provided the blood tumor mutation burden
(bTMB) and targeted cfDNA sequencing for 324 cancer-
related genes (details are available at heeps://assets.ctfas
sets.net/w98cd481qyp0/3a8jFw3KUjIU3RWPdcTIAX/
dcb2ffd6d8d9a40a65ccf663269cc39a/FoundationOne_
Liquid_CDx_Label_Technical_Info.pdf).

Because in the pooled, retrospective analysis of the
OAK and POPLAR trials a high bTMB identified patients
who derived a significant improvement in their clinical out-
comes,” we performed an additional analysis of baseline
correlations among the NLR, bTMB, and targeted gene se-
quencing results. Because of their role in influencing clinical
outcomes in patients with NSCLC treated with ICls, seven
genes of interest, including 7753, KRAS, EGFR, STK11,
KEAPI, ARIDIA, and SMARCA4, were selected for the
analysis along with selected DNA damage response and re-
pair genes from the panel defined for NSCLC by Ricciuti et
al.** that were included in the FoundationOne Liquid CDx
NGS assay (MLHI, MSH6, PMS2, ATM, ATR, CHEK],
CHEK2, BAPI, BARDI, BRCAI, BRCA2, BRIP1, PALB2,
RAD51, RAD51C, RAD52, FANCA, FANCC, FANCG,
FANCL, POLDI, POLE, ERCC4, and XRCC2).

We first reported the median baseline NLR across
bTMB-high patients (=16 mut/Mb) and bTMB-low
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patients (<16 mut/ Mb)?® and according to the mutational
status for the key genes of interest. We then explored both
the unadjusted and false discovery rate (FDR)-adjusted
associations between the categorized NLR (>4 vs. <4)
and the mutational status of all the selected genes.

Patients with sample contamination >1%, a median
exon coverage <800X, and a maximum somatic allele
frequency (MSAF) < 1% were excluded from the bTMB
analysis as previously done,? whereas those genetic vari-
ants with an MSAF <1% were considered to be wild type.
Only variants that were pathogenetic or likely pathoge-
netic according to the manufacturer were considered for
the analysis.

Statistical analysis

This post hoc analysis underwent a formal power calcula-
tion. The minimum sample size was estimated only for
patients treated with immunotherapy; we hypothesized a
40% prevalence of patients with a baseline NLR >4 and
assumed a possible survival benefit (a 40% reduction in
the risk of death) for patients with a baseline NLR <4.
With type I and type II error probabilities of 0.05 and
0.20, respectively, at least 148 death events were neces-
sary, and at least 330 patients had to be included.

All pretreatment clinicopathologic features were re-
ported with descriptive statistics as appropriate. OS and
PES were computed from the treatment start date to the
date of death/last follow-up and the date of discase pro-
gression/death, respectively. Patients not reported to have
died at the time of the analysis were censored at the date
of the last follow-up, whereas patients without postbase-
line information were censored at the randomization date
plus 1day as previously done.' Survival estimates were
performed with the Kaplan—-Meier method, were reported
as medians with 95% confidence intervals (Cls), and were
compared with the log-rank test.

Cox regression was used for assessing the risk of
death (OS) and disease progression (PFS), which was
reported as hazard ratios (HRs) and 95% Cls. The two
fixed models for multivariable analyses of OS and PFS
were built with the pooled population via backward step-
wise selection with enter/remove thresholds of » < .05 and
2> .1, including covariates selected for their known prog-
nostic role in NSCLC. After this, the impact of the NLR
and the NLR/PD-L1 combination was assessed in all the
analyses with the established fixed multivariable models
for OS and PFS, respectively. The o level for all the anal-
yses was set to p<.05.

For the bTMB and targeted c¢fDNA exploratory
analysis, the Kruskal-Wallis test was used for reporting
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1225 patients enrolled and randomized

A4

Randomized to atezolizumab: 613
* 609 received treatment

A 4

Baseline NLR data not available: 9 patients

\4

First efficacy analysis: 600 patients
495 NLR at C1D1
105 NLR from screening window

Excluded:
59 EGFR positive/4 ALK positive

v

Non-oncogene-addicted (EGFR/ALK):
537 patients

Randomized to docetaxel: 612
» 578 received treatment

» Baseline NLR data not available: 3 patients

v

First efficacy analysis: 575 patients
470 NLR at C1D1
105 NLR from screening window

Excluded:
48 EGFR positive/1 ALK positive

\4

Non-oncogene-addicted (EGFR/ALK):
526 patients

Figure 1. Study flow diagram. ALK indicates anaplastic lymphoma kinase; C1D1, cycle 1day 1; EGFR, epidermal growth factor receptor;

NLR, neutrophil to lymphocyte ratio.

the median baseline NLRs across the subgroups, whereas
the FDR-adjusted analysis was reported as a volcano plot
with —log, (FDR g value) on the y-axis and log,(odds
ratio) on the x-axis. Being a discovery setting, <0.1 was
set as the threshold for statistical significance for ¢ values.
Statistical analyses were performed with MedCalc statis-
tical software (version 18.11.3, 2019; MedCalc Software
bvba, Ostend, Belgium [http://www.medcalc.org]). The
volcano plot was designed with GraphPad Prism software
(version 9.3.1 [471], December 2, 2021).

RESULTS

Patient characteristics

By the secondary analysis time data cutoff date, 1225 pa-
tients had been enrolled and randomized to receive treat-
ment. Figure 1 presents the study flow diagram; after the
exclusion of patients who did not receive the assigned treat-
ment and did not have baseline NLR information, 600 pa-
tients treated with atezolizumab and 575 patients treated
with docetaxel were included in the current analysis.
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The NLR was computed from pretreatment full
blood count information from cycle 1day 1 for 495 pa-
tients (82.5%) and 470 patients (81.7%) in the atezoli-
zumab and docetaxel cohorts, respectively. The median
baseline NLR across the pooled population of 1175
patients was 4.0 (interquartile range [IQR], 2.6-6.7).
Table 1 reports the baseline associations between clini-
copathologic features and NLR categories (>4 vs. <4);
patients with a high NLR were more likely to be former/
current smokers (88.6% vs. 78.1%; p<.0001), be male
(66.4% vs. 57.6%; p = .0019), have an ECOG PS of 1
(71.3% vs. 55.2%; p<.0001), and have a higher number
of metastatic sites (63.2% vs. 51.6%; p = .0001). In ad-
dition, their tumors were more likely to have a squamous
histology (32.1% vs. 21.4%; p<.0001) and more likely
to harbor KRAS mutations (30% vs. 18.7%), whereas
no statistical trend toward a lower prevalence of EGFR-
positive tumors was reported in the NLR-high group
(8.9% vs. 12.7%; p = .0560). Table 2 summarizes pa-
tients’ features according to the treatment received. The
median baseline NLR was higher for the docetaxel cohort
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TABLE 1. Summary of the baseline associations
between the clinicopathologic features of interest
and the NLR categories (>4 vs. <4)

NLR <4 NLR>4
(n = 580), (n = 595),
No. (%) No. (%) x° test p-value
PD-L1 expression
eTC3 or IC3 41 (7.1) 56 (9.5) 4726
eTC2 or IC2 104 (18.1) 96 (16.2)
eTC2 or IC2 170 (29.6) 173 (29.3)
eNegative 260 (45.2) 266 (45.0)
eUnknown 5 4
Age
e>B5years 263 (45.3) 272 (45.7) .8989
e<65years 317 (54.7) 323 (54.3)
Smoking status
eFormer/current 453 (78.1) 527 (88.6) <.0001
*Never 127 (21.9) 68 (11.4)
Sex
*Male 334 (57.6) 395 (66.4) .0019
eFemale 246 (42.4) 200 (33.6)
ECOG PS
0 260 (44.8) 171 (28.7) <.0001
o1 320 (55.2) 424 (71.3)
Histological type
eSquamous 124 (21.4) 191 (32.1) <.0001
eNonsquamous 456 (78.6) 404 (67.9)
No. of metastatic
sites
o2 281 (48.4) 219 (36.8) .0001
2 299 (51.6) 376 (63.2)
No. of prior
therapies
o1 452 (77.9) 438 (73.6) .0844
2 128 (22.1) 157 (26.4)
EGFR mutation
*Negative 448 (87.3) 431 (91.1) .0560
ePositive 65 (12.7) 42 (8.9)
eUnknown 67 122
EML4-ALK
translocation
*Negative 306 (99.3) 264 (98.9) 5416
ePositive 2(0.7) 3(1.1)
eUnknown 272 328
KRAS mutation
eNegative 157 (81.3) 115 (70.9) 0218
ePositive 36 (18.7) 47 (29.1)
eUnknown 387 433

Abbreviations: ALK, anaplastic lymphoma kinase; ECOG, Eastern Cooperative
Oncology Group; EGFR, epidermal growth factor receptor; IC, immune cells;
NLR, neutrophil to lymphocyte ratio; PD-L1, programmed death ligand 1; PS,
performance status; TC, tumor cells.

(4.3; IQR, 2.7-8.2) than the atezolizumab cohort (3.9;
IQR, 2.5-5.8). However, the proportions of patients
with a high NLR (>4) were similar (53.2% vs. 48.2%;
2 = .08306), and no significant differences emerged be-
tween the two cohorts according to any of the included
clinicopathologic characteristics.

Prognostic effect of the NLR across the
atezolizumab and docetaxel cohorts

The median follow-up for the atezolizumab and docetaxel
cohorts was 26.5 months (95% CI, 25.8—27.0 months)
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and 26.0 months (95% CI, 25.3-26.6 months), respec-
tively. Among the atezolizumab recipients, patients with
a high NLR achieved a median OS of 7.8 months (95%
CI, 6.6-9.6 months; 217 events), whereas patients with
a low NLR achieved a median OS of 17.1 months (95%
CI, 15.2-20.0 months; 198 events) (HR, 1.88; 95%
Cl, 1.55-2.28; p<.0001; Figure 2A). Among the doc-
etaxel recipients, patients with a high NLR achieved
the same median OS of 7.8 months (95% CI, 6.8—
9.1 months; 242 events), whereas patients with a low
NLR achieved a median OS of 12.5 months (95% CI,
10.8—-13.8 months; 189 events) (HR, 1.49; 95% CI,
1.23-1.81; p<.0001; Figure 2B). Table S1 reports the
multivariable model for the pooled population with the
selected covariates for OS (ECOG PS, histology, and
number of metastatic sites) and PFS (ECOG PS, smok-
ing status, histology, number of metastatic sites, and
number of prior therapies).

After adjustments for the selected variables, the HR
for an increased risk of death for patients with a high
NLR was numerically higher in the atezolizumab cohort
(HR, 1.64; 95% CI, 1.35-2.01) versus the docetaxel co-
hort (HR, 1.32; 95% ClI, 1.08—1.60) with a multivariable
interaction p value of .0869 (Figure 3A).

Even when it was used as continuous covariate, the
risk of death with increasing NLR was numerically higher
in the atezolizumab cohort (HR, 1.08; 95% CI, 1.06—
1.10) versus the docetaxel cohort (HR, 1.02; 95% CI,
1.01-1.02). Similarly, the additional analysis using the
top 20th, 40th, 60th, and 80th percentiles as exploratory
cutoffs confirmed the higher prognostication of the NLR
in the atezolizumab cohort; this was supported by the cor-
respondingly higher HRs for an increased risk of death for
patients with a high NLR with each level in comparison
with the docetaxel cohort (Figure S1).

Differential complementary role of NLR and
PD-L1 expression

As reported in Table 1, we did not find any association
between tumor/immune cell PD-L1 expression and the
baseline NLR categories (p = .4726), and this suggested
their independence. We therefore evaluated their possible
complementary role in defining patients’ prognoses across
the two cohorts. The combination of PD-L1 and NLR
was significantly associated with the median OS in both
the atezolizumab cohort (p <.0001) and the docetaxel co-
hort (p = .0010; Figure S2A,B), although the HRs for an
increased risk of death for patients with a poor prognosis
versus patients with good prognostic factors were higher
for the atezolizumab recipients.
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TABLE 2. Patient characteristics according to the received treatment

Atezolizumab cohort (n = 600), No. (%)

Docetaxel cohort (n = 575), No. (%) x2 test p-value

Age

e*Median (range), years 63 (25-84)

*>65years 271 (45.2)

e<B5years 329 (54.8)
Smoking status

eFormer/current 493 (82.2)

eNever 107 (17.8)
Sex

*Male 372 (62.0)

eFemale 228 (38.0)
ECOG PS

0 216 (36.0)

o1 384 (64.0)
Histological type

eSquamous 158 (26.3)

eNonsquamous 442 (73.7)
No. of metastatic sites

e<2 270 (45.0)

>2 330 (55.0)
No. of prior therapies

o1 457 (76.2)

2 143 (23.8)
PD-L1 expression

ePositive (TC1/TC2/TC3 and/or 340 (57.2)

1C1/IC2/1C3) 254 (42.8)

eNegative 6

eUnknown
EGFR mutation

eNegative 444 (74.0)

*Positive 59 (9.8)

eUnknown 97 (16.2)
EML4-ALK translocation

eNegative 306 (51.0)

*Positive 4(0.7)

eUnknown 290 (48.3)
KRAS mutation

eNegative 147 (24.5)

ePositive 39 (6.5)

eUnknown 414 (69.0)
NLR

*Median (IQR) 3.9 (2.5-5.8)

>4 289 (48.2)

o<4 311 (51.8)

64 (34-85) 7974
264 (45.9)
311 (54.1)

487 (84.7) 2443
88 (15.3)

357 (62.1) 9755
218 (37.9)

215 (37.4) 6210
360 (62.6)

157 (27.3) 7073
418 (72.7)

230 (40.0) .0833
345 (60.0)

433 (75.3) 7304
142 (24.7)

255 (44.6) 5313
317 (55.4)
3

435 (75.7) 6624
48 (8.3)
92 (16.0)

264 (45.9) .0808
1(0.2)
310 (53.9)

125 (21.7) 4432
44 (7.7)
406 (70.6)

43(2.7-82) .0836
306 (53.2)
269 (46.8)

Abbreviations: ALK, anaplastic lymphoma kinase; ECOG, Eastern Cooperative Oncology Group; EGFR, epidermal growth factor receptor; IC, immune cells; IQR,
interquartile range; NLR, neutrophil to lymphocyte ratio; PD-L1, programmed death ligand 1; PS, performance status; TC, tumor cells.

After adjustments for the selected variables, the HR
for an increased risk of death for patients with a poor
prognosis (PD-L1-negative with a high NLR vs. PD-
L1-positive with a low NLR) was significantly higher in
the atezolizumab cohort (HR, 2.28; 95% CI, 1.72-3.03)
versus the docetaxel cohort (HR, 1.42; 95% CI, 1.08—
1.86) with a multivariable interaction p value of 0.0114
(Figure 3A).

Differential prognostic effect of the NLR in
patients with non-oncogene-addicted NSCLC
After the exclusion of 59 and 48 patients with EGFR/ALK-
positive tumors, 537 patients (89.5%) and 526 patients
(91.5%) were included in the atezolizumab and docetaxel
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cohorts, respectively (Figure 1). Patients with a high NLR
achieved a shorter median OS in both the atezolizumab co-
hort (HR, 1.93; 95% CI, 1.57-2.37; log-rank » <.0001)
and the docetaxel cohort (HR, 1.38; 95% CI, 1.13-1.69;
log-rank p = .0011; Figure 2C,D). After adjustments with
the fixed multivariable model, the HR for an increased
risk of death for patients with a high NLR was signifi-
cantly higher in the atezolizumab cohort (HR, 1.67; 95%
CI, 1.35-2.06) versus the docetaxel cohort (HR, 1.24;
95% CI, 1.02-1.52) with a multivariable interaction
2 value of 0.0241 (Figure 3B). Figure S2C,D reports the
Kaplan—Meier estimates of OS according to the PD-L1/
NLR complementation across the two cohorts after the
exclusion of patients with EGFR/ALK-positive tumors,
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Figure 2. Kaplan-Meier survival estimates for OS according to the NLR. (A) Atezolizumab cohort including oncogene-addicted
patients: NLR low (17.1months; 95% ClI, 15.2-20.0 months; 198 events) versus NLR high (7.8 months; 95% Cl, 6.6-9.6 months; 217
events) (p<.0007; HR, 1.88; 95% ClI, 1.55-2.28). (B) Docetaxel cohort including oncogene-addicted patients: NLR low (12.5months;
95% CI, 10.8-13.8 months; 189 events) versus NLR high (7.8 months; 95% ClI, 6.8-9.1months; 242 events) (p<.00071; HR, 1.49; 95%
Cl, 1.23-1.81). (C) Atezolizumab cohort excluding EGFR/ALK-positive patients: NLR low (17Z1months; 95% Cl, 15.1-20.0 months; 178
events) versus NLR high (7.6 months; 95% Cl, 6.2-9.6 months; 199 events) (0 <.0001; HR, 1.93; 95% Cl, 1.57-2.37). (D) Docetaxel cohort
excluding EGFR/ALK-positive patients: NLR low (11.3months; 95% Cl, 9.7-13.3months; 175 events) versus NLR high (7.7 months; 95%
Cl, 6.8-8.9months; 230 events) (p = .0011; HR, 1.38; 95% CI, 113-1.69). ALK indicates anaplastic lymphoma kinase; Cl, confidence

interval; EGFR, epidermal growth factor receptor; HR, hazard ratio; NLR, neutrophil to lymphocyte ratio; OS, overall survival.

and it confirms the differential prognostic effect between
immunotherapy and chemotherapy. Similarly, the multi-
variable HR for an increased risk of death for patients with
two factors (PD-L1 negativity and high NLR vs. PD-L1
negativity and low NLR) was significantly higher in the at-
ezolizumab cohort (HR, 2.12; 95% CI, 1.58-2.806) versus
the docetaxel cohort (HR, 1.42; 95% CI, 1.08—1.88) with
a multivariable interaction p value of .0330 (Figure 3B).

PFS analysis

In the overall population, patients with a high NLR
achieved shorter PFS in comparison with patients with
a low NLR in both the atezolizumab cohort (HR, 1.33;
95% CI, 1.13-1.57; log-rank p = .0007; Figure S3A) and
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the docetaxel cohort (HR, 1.31; 95% CI, 1.10-1.55; log-
rank p = .0017; Figure S3B). Similar results were found
when we compared the impact on PES of the PD-L1/
NLR combination, which significantly affected both the
atezolizumab cohort (log-rank p = .0001) and the doc-
etaxel cohort (log-rank p = .0317; Figure S3C,D).

The multivariable HR for an increased risk of disease
progression/death for patients with a high NLR was statisti-
cally significant in the atezolizumab cohort (HR, 1.34; 95%
CI, 1.13-1.60) but was not statistically significant in the
docetaxel cohort (HR, 1.19; 95% CI, 0.99-1.42) with a
multivariable interaction p value of .3687. The multivari-
able HR for an increased risk of disease progression/death
for patients with two factors (PD-L1 negativity and high
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Figure 3. Forest plot graphs reporting the adjusted HRs for the risk of death across the two cohorts according to the NLR, PD-L1
expression, and NLR/PD-L1 complementation. (A) Whole population (including EGFR/ALK-positive patients). (B) Population after
the exclusion of EGFR/ALK-positive patients. Adjusting factors included the Eastern Cooperative Oncology Group performance
status (1 vs. 0), histology (squamous vs. nonsquamous), and number of metastatic sites (<2 vs. >2). The interaction terms through
the same MVA model included the pooled population. ALK indicates anaplastic lymphoma kinase; Cl, confidence interval; EGFR,
epidermal growth factor receptor; HR, hazard ratio; MVA, multivariable; NLR, neutrophil to lymphocyte ratio; PD-L1, programmed

death ligand 1.

NLR vs. PD-L1 negativity and low NLR) was significant
in the atezolizumab cohort (HR, 1.60; 95% CI, 1.25-2.05)
but was not significant in the docetaxel cohort (HR, 1.09;
95% ClI, 0.85-1.39) with a significant multivariable inter-
action p value of .0257 (Figure S4).
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Even when it was used as a continuous covariate, the
risk of disease progression/death with increasing NLR was
numerically higher in the atezolizumab cohort (HR, 1.05;
95% CI, 1.03-1.06) versus the docetaxel cohort (HR,
1.01; 95% CI, 1.00-1.02).
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Figure 4. (A) Violin plot reporting the median baseline NLR (log,,) according to the categorized bTMB (>16 vs. <16 mut/Mb). (B)
Volcano plot summarizing the FDR-adjusted targeted cfDNA analysis. The only gene mutation significantly associated with the
NLR (NLR low) was ARIDIA (unadjusted p value < .05). After adjustments for multiple comparisons, none of the 15 selected genes
of interest were associated with the NLR. bTMB indicates blood tumor mutation burden; cfDNA, circulating free DNA; FDR, false
discovery rate; IQR, interquartile range; NLR, neutrophil to lymphocyte ratio; pts, patients.

bTMB and targeted cfDNA

exploratory analysis

After the exclusion of ineligible patients due to sample
contamination, exon coverage, and MSAFE, 636 patients
(54.1%) and 749 patients (63.7%) were included in the
bTMB and targeted cfDNA exploratory analyses, re-
spectively. The median baseline NLR of patients with a
low bTMB (3.7; IQR, 2.5-6.1) was significantly lower
than that of patients with a high bTMB (4.6; IQR,
2.9-8.3; p = .0120; Figure 4A). Figure SSA-H reports
the distribution of median NLRs according to the se-
lected gene of interest; with the exception of KRAS
mutations (mutant, 5.1; IQR, 2.8-8.4; wild type, 3.8;
IQR, 2.5-6.2; p = .0367) and STK1I mutations (mu-
tant, 5.3; IQR, 3.0-8.9; wild type, 3.8; IQR, 2.5-6.3;
p = .0339), we did not find any other significant as-
sociations. The volcano plot presented in Figure 4B
summarizes the FDR-adjusted analysis including all 15
genes of interest, which confirmed that none of the in-
cluded mutations were independently associated with
the NLR status.
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DISCUSSION
Tumor-promoting inflammation is a recognized hallmark
of cancer,” and the systemic effect of inflammation can
be easily and reproducibly measured in the clinic with in-
expensive prognostic indices such as the NLR.?® Patients
with an increased NLR display the hallmark of exhausted
T-cell imrnunity,6 which lends credence to the NLR as a
putative stratifying biomarker for an oncological indica-
tion with a rich therapeutic landscape where ICls have
been integrated and replaced standard chemotherapy.
This is the first study to demonstrate in a prospec-
tively accrued cohort of patients randomized to receive
cytotoxic therapy or ICI therapy that a high pretreatment
NLR could identify a group of patients with a numer-
ically identical median OS of 7.8 months regardless of
whether they received docetaxel or atezolizumab. On
the other hand, immunotherapy was associated with en-
hanced benefits in those with a low NLR, for whom the
median OS was significantly extended to 17.1 months
versus 12.5months with docetaxel. Although patients
with a high NLR experienced worse outcomes in both
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the atezolizumab and docetaxel cohorts, the HR for an
increased risk of death demonstrated a stronger effect in
the atezolizumab group than the docetaxel group in all
analyses.

The OAK study was commenced in March 2014,
and the protocol allowed the enrollment of patients
with EGFR/ALK-positive tumors, a subgroup that would
be excluded subsequently from PD-1/PD-L1 monother-
apy studies on account of the intrinsic immune refracto-
riness of these tumors.** It is then not surprising to see
that our findings have been further magnified in the anal-
ysis excluding patients with EGFR/ALK-addicted tumors,
where the significant interaction p value confirmed the
differential prognostic ability of the NLR between immu-
notherapy and chemotherapy.

The preferential effect on OS observed in
atezolizumab-treated patients has strong mechanistic
foundations. Neutrophils are in fact effector cells involved
in the innate and adaptive immune responses. Although
neutrophilia is a common clinical feature of many pa-
tients with cancer, neutrophils are also an important part
of the immune infiltrate in different types of cancer as
tumor-associated neutrophils.”” The dual role of both
circulating and tumor-associated neutrophils has long
been debated, as they have been reported to have direct
cytotoxic effects and to be able to inhibit antitumoral
cytotoxic T cells, secreting proinflammatory cytokines
and growth factors, including interleukin 6 (IL-6), IL-8,
IL-12, metalloproteinases, and TGF-p, and promoting
the angiogenetic switch.*””?® On the other hand, lym-
phocytes are immune cells with cytolytic activity that are
known for their ability to limit tumorigenesis and tumor
progression. Both circulating and tumor-infiltrating lym-
phocytes have been reported to correlate with immune
responses and enhanced efficacy of ICIs across a wide va-
riety of cancers,””" whereas in NSCLC, differential ex-
pression of immune checkpoint molecules in the tumor
microenvironment, including tumor-infiltrating lym-
phocytes, has been linked to both survival and relapse.31
Conversely, prolonged lymphocytopenia, with a reduc-
tion of CD4+ and CD8+ T circulating cells, could be a
direct result of cancer-related systemic inflammation and
may affect the ability to sustain an effective anticancer
immune response.3’32

We made an interesting observation based on the
NLR/PD-L1 combination analysis. There is an absence
of a baseline association between the NLR and PD-L1 ex-
pression levels, and this suggests a possible nonoverlapping
role for these biomarkers. In the OAK study population,
the beneficial effect of atezolizumab over docetaxel was
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similar across the PD-L1 TC/IC categories."” This is also
reflected in the current study, where we did not observe
any differential effect or significant interactions accord-
ing to the PD-L1 expression (>1% vs. negative) between
the atezolizumab and docetaxel cohorts. However, when
we combined the NLR and the PD-L1 status into three
categories, the differential prognostic ability between im-
munotherapy and chemotherapy was further magnified;
this was confirmed by the significant interaction p value
reported in the analyses with and without patients with
EGFR/IALK-positive tumors. More specifically, patients
with a high NLR and PD-L1-negative tumors seemed to
be the driver of that difference: They achieved more pro-
nounced detrimental outcomes in comparison with pa-
tients with a low NLR and PD-L1-positive tumors with
immunotherapy versus chemotherapy.

The PFS analysis can be viewed from the same per-
spective. The increased risk of disease progression for pa-
tients with a high NLR was statistically significant among
immunotherapy recipients only and was slightly higher
than that observed with docetaxel, whereas the combi-
nation of a low NLR and PD-L1 positivity produced a
trend similar to that observed for OS. In addition, the
significant interaction p value confirmed the differential
diagnostic effect for the risk of disease progression accord-
ing to the treatment modality, and this suggests a pos-
sible predictive role of the NLR/PD-L1 integration for
immunotherapy.

However, our results cannot be interpreted with-
out consideration of the baseline associations between
the NLR and clinicopathologic characteristics. A high
NLR was significantly associated with clinical features
that could underly a deranged proinflammatory status,
including male sex,”> a higher ECOG PS,34 squamous
histology,®® and a higher discase burden,*® which are also
hallmarks of worse outcomes overall. The significant as-
sociation with the smoking status®” could also explain the
relationship between a high NLR and KRAS mutations,
as these two features have already been linked in several

studies.’®?’

The bTMB and targeted cfDNA analysis provided
some further insights. Interestingly, we found that pa-
tients with a high bTMB had a significantly higher me-
dian NLR than patients with a low bTMB. Although
the TMB-NLR correlation with their possibly comple-
mentary roles has already been reported,' this is the first
study highlighting a link between the proinflammatory
systemic response and cfDNA genomic features. Notably,
the bBTMB-NLR association could also be explained by
the NLR—smoking relationship40 and by the association
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between the NLR and the number of metastatic sites,
as cfDNA shed into the bloodstream might be related
to metastatic sprealcl,41 and TMB can be related to dis-
ease burden in NSCLC.* The targeted cfDNA analysis
showed that a higher median NLR was reported also for
patients with a KRAS mutation and those with an S7K71
mutation; however, no significant association with the
NLR categorical status was confirmed with the FDR-
adjusted analysis.

Exploring the potentially different prognostic abil-
ities of inflammatory indices according to the treatment
modality has become even more relevant with the advent
of chemoimmunotherapy combinations, which have be-
come viable first-line options for the majority of patients,
regardless of PD-L1 expression.43 The current results sug-
gest that the baseline NLR could complement PD-L1 ex-
pression in stratifying patients who might be candidates
to receive an ICl-based therapy. In the debate about the
best first-line approach for patients with high PD-L1
expression, between single-agent ICIs and chemoimmu-
notherapy combinations, a conservative approach could
be considered for some patients with a low NLR, who
derive a greater benefit from immunotherapy than che-
motherapy when we consider patients’ comorbidities and
disease burden. Randomized trials basing stratification on
predefined biomarker-specific efficacy end points will be
crucial for tailoring the right therapies for patients.

Our study has several limitations, which are mainly
due to the fact that it is an exploratory, retrospective anal-
ysis of subgroups that were not prespecified. Although
validated in the first-line setting,** the cutoff of 4 for
the NLR is not widely recognized or used for NSCLC.*
However, the median value for the included population
was exactly 4, and this allowed us to assume a good level
of reliability for our analysis. An additional limit to the
reproducibility of our results lies in the PD-L1 evalua-
tion, as the current routine evaluation is based on the
tumor proportion score, which measures tumor cells only,
whereas the OAK trial included a combined score ac-
counting for both tumor and tumor-infiltrating cells.'>?'
Although patients on baseline systemic steroids (greater
than or equal to the equivalent of 10 mg of prednisone)
were not permitted in the trial, we have to consider the
mandatory steroid premedication for docetaxel, which
might have caused the slightly higher median NLR in the
chemotherapy cohort.

Despite the aforementioned limitations, our study
is the first one providing evidence of a differential prog-
nostic ability of the NLR between immunotherapy and
chemotherapy in NSCLC from a randomized clinical
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trial population. The NLR proved to be an effective tool
for identifying patients with a deranged proinflammatory
response, who are less likely to respond to ICIs. In par-
ticular, patients with a low NLR derived a greater benefit
from immunotherapy in comparison with chemotherapy.
In addition, the baseline NLR and PD-L1 expression
could be combined to improve patient selection for PFS
and OS, whereas the differential PFS stratification also
suggests a possible predictive role for NLR/PD-L1 com-
plementation in this setting. Further validation through
independent, prospective cohorts is warranted before our
findings are considered for the decision-making process
in clinical practice.
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