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IMPORTANCE Derived neutrophils/(leukocytes minus neutrophils) ratio (dNLR) and lactate
dehydrogenase (LDH) level have been correlated with immune checkpoint inhibitor (ICI)
outcomes in patients with melanoma.

OBJECTIVE To determine whether pretreatment dNLR and LDH are associated with
resistance to ICIs in patients with advanced non–small cell lung cancer (NSCLC).

DESIGN, SETTING, AND PARTICIPANTS Multicenter retrospective study with a test (n = 161) and
a validation set (n = 305) treated with programmed death 1/programmed death ligand 1
(PD-1/PD-L1) inhibitors in 8 European centers, and a control cohort (n = 162) treated with
chemotherapy only. Complete blood cell counts, LDH, and albumin levels were measured
before ICI treatment. A lung immune prognostic index (LIPI) based on dNLR greater than 3
and LDH greater than upper limit of normal (ULN) was developed, characterizing 3 groups
(good, 0 factors; intermediate, 1 factor; poor, 2 factors).

MAIN OUTCOMES AND MEASURES The primary end point was overall survival (OS). Secondary
end points were progression-free survival (PFS) and disease control rate (DCR).

RESULTS In the pooled ICI cohort (N = 466), 301 patients (65%) were male, 422 (90%) were
current or former smokers, and 401 (87%) had performance status of 1 or less; median age at
diagnosis was 62 (range, 29-86) years; 270 (58%) had adenocarcinoma and 159 (34%) had
squamous histologic subtype. Among 129 patients with PD-L1 data, 96 (74%) had PD-L1 of at
least 1% by immunohistochemical analysis, and 33 (26%) had negative results. In the test
cohort, median PFS and OS were 3 (95% CI, 2-4) and 10 (95% CI, 8-13) months, respectively.
A dNLR greater than 3 and LDH greater than ULN were independently associated with OS
(hazard ratio [HR] 2.22; 95% CI, 1.23-4.01 and HR, 2.51; 95% CI, 1.32-4.76, respectively).
Median OS for poor, intermediate, and good LIPI was 3 months (95% CI, 1 month to not
reached [NR]), 10 months (95% CI, 8 months to NR), and 34 months (95% CI, 17 months to
NR), respectively, and median PFS was 2.0 (95% CI, 1.7-4.0), 3.7 (95% CI, 3.0-4.8), and 6.3
(95% CI, 5.0-8.0) months (both P < .001). Disease control rate was also correlated with dNLR
greater than 3 and LDH greater than ULN. Results were reproducible in the ICI validation
cohort for OS, PFS, and DCR, but were nonsignificant in the chemotherapy cohort.

CONCLUSIONS AND RELEVANCE Pretreatment LIPI, combining dNLR greater than 3 and LDH
greater than ULN, was correlated with worse outcomes for ICI, but not for chemotherapy,
suggesting that LIPI can serve as a potentially useful tool when selecting ICI treatment, raising
the hypothesis that the LIPI might be useful for identifying patients unlikely to benefit from
treatment with an ICI.
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Immunotherapy, principally represented by programmed
death 1/programmed death ligand 1 (PD-1/PD-L1) inhibi-
tors, has been approved worldwide as treatment for ad-

vanced non–small cell lung cancer (NSCLC) and has been hailed
as an important addition to the treatment armamentarium for
this population. In an unselected previously treated NSCLC
population, response rates with single-agent immune check-
point inhibitors (ICIs) range between 14% and 20%, with me-
dian overall survival (OS) of 10 to 12 months.1-5 However, when
this population is stratified by specific biomarkers, notably
positive PD-L1 expression by immunohistochemical analy-
sis, these outcomes improved, reaching up to 30% response
with a median OS of 20 months,3,5 in contrast to patients with
negative or weak PD-L1 expression (1%-49% positive tumor
cells, accounting for approximately 67% of the population)
for whom response rates between 8% and 19% have been
reported with median OS slightly below 10 months.6 How-
ever, even within the PD-L1–positive stratum, the benefit
with immunotherapy is not seen for the entire population,
making the identification of biomarkers for patients likely to
respond to ICI therapy a critical step in selecting the candi-
date population.

The inflammation process has been proposed as a mecha-
nism of immunoresistance in patients with cancer, promoting
cancer growth and dissemination, and activating oncogenic sig-
naling pathways.7 Furthermore, a peripheral pro-inflammatory
status has been associated with worse outcomes in patients with
cancer.8-10 Numerous routine blood parameters have been in-
vestigated as potential inflammatory biomarkers in patients with
cancer, such as elevated concentration of circulating white blood
cells, absolute neutrophil count, absolute platelet count,
and lactate dehydrogenase (LDH) level, which are associ-
ated with poor outcomes in several cancer types.10-13 Novel
potential biomarkers such as the neutrophil to lymphocyte
ratio (NLR) and derived neutrophil to lymphocyte ratio
(dNLR; absolute neutrophil count/[white blood cell concen-
tration − absolute neutrophil count]) have been investi-
gated to measure inflammatory status in various cancers,
including NSCLC. These ratios are simple, easy-to-calculate
instruments, combining at least 2 blood cell subpopula-
tions, and are accessible from routine complete blood cell
counts.

However, with the exception of melanoma, the prognos-
tic and predictive value of circulating inflammatory biomark-
ers for ICIs is unknown in most tumor types (eTable 1 in the
Supplement). The 2 largest published retrospective analyses
in advanced melanoma cohorts, one in 720 patients treated
with ipilimumab14 and the other in 512 patients treated with
pembrolizumab,15 reported the independent prognostic value
of the dNLR (dNLR ≥3, hazard ratio [HR], 4.10; 95% CI, 3.08-
5.46; P < .001) and LDH of at least 2.5 times upper limit of nor-
mal (ULN; HR, 2.8; 95% CI, 2.0-3.9; P = .001). Both studies re-
flected that a pro-inflammatory status was correlated with poor
outcomes in patients with melanoma treated with ICIs. We hy-
pothesized that the combination of baseline dNLR and LDH
could be correlated with resistance to ICI therapy in patients
with advanced NSCLC and could be used to develop a lung im-
mune prognostic index (LIPI).

Methods

Patients
We conducted a multicentric retrospective study of a cohort of
466 patients with advanced NSCLC receiving treatment with PD-
1/PD-L1 inhibitors in a variety of settings covering routine clini-
cal care, expanded access, and compassionate-use programs,
as well as clinical trials (nivolumab, pembrolizumab, atezoli-
zumab, durvalumab, and durvalumab-ipilimumab). Initially, pa-
tients from Gustave Roussy treated with PD-1/PD-L1 inhibitors
between November 2012 and July 2016 were included in a mono-
centric test set (n = 161) to establish the potential of the score.
The hypothesis was then validated in a larger multicentric vali-
dation set (n = 305) that included patients treated with PD-1/PD-
L1 inhibitors between November 2012 and January 2017 from
8 European academic centers (including patients from Gustave
Roussy from July 2016 to January 2017) (eFigure 1 in the Supple-
ment). To determine whether the LIPI is ICI specific, a control
cohort of 162 patients with advanced NSCLC exclusively treated
with chemotherapy, composed of 128 patients from Gustave
Roussy treated between December 2011 and September 2015,
and 34 from the Hospital 12 de Octubre treated between Novem-
ber 2012 and July 2016 were also evaluated for LIPI.

Complete blood cell counts, LDH, and albumin levels at
baseline before ICI treatment (within 30 days before the first
treatment) were extracted from electronic medical records.
Demographic, clinical, pathological, and molecular data were
also collected.

Data for PD-L1 expression were analyzed on tumor cells by
immunohistochemistry, according to standard practice for each
center. Expression of at least 1% was considered positive.

Radiological assessments were performed every 8 weeks
per RECIST (Response Evaluation Criteria in Solid Tumors) v1.1
in the test set and per the investigator’s discretion in the vali-
dation set and the chemotherapy cohort. Radiological atypi-
cal response patterns per the investigator were collected in-
cluding mixed or dissociated response (progressive disease in
one location with objective response at another site).

This study was approved by the Institutional Review Board
of Gustave Roussy (Commission Scientifique des Essais Théra-
peutiques) and informed consent was not required because of
the retrospective character of the study.

Key Points
Question Are pretreatment derived neutrophils/(leukocytes
minus neutrophils) ratio (dNLR) and lactate dehydrogenase (LDH)
level associated with resistance to immunotherapy in patients with
advanced non–small cell lung cancer (NSCLC)?

Findings In this cohort study evaluating 466 patients with
advanced NSCLC, the Lung Immune Prognostic Index (LIPI),
combining baseline dNLR and LDH, was associated with the
outcomes of immunotherapy but not chemotherapy.

Meaning Poor baseline LIPI, combining dNLR greater than 3 and
LDH greater than upper limit of normal, was correlated with worse
outcomes for immune checkpoint inhibitor treatment in patients
with NSCLC, but not with chemotherapy.
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The LIPI was developed on the basis of dNLR greater than
3 and LDH greater than ULN, characterizing 3 groups (good, 0
factors; intermediate, 1 factor; poor, 2 factors). The cutoff for
dNLR was greater than 3 (according to the cutoff from the larg-
est published study with ICIs in patients with cancer14), and the
ULN for LDH was defined according the limit of each center.

Statistical Analysis
Disease control rate (DCR) was defined as complete plus par-
tial response plus stable disease, and overall response rate as
complete plus partial response. Overall survival was calcu-
lated from the date of first immunotherapy administration un-
til death due to any cause. Progression-free survival (PFS) was
calculated from the date of first immunotherapy administra-
tion until disease progression or death due to any cause. Com-
parisons between patient characteristics were performed using
χ2 or Fisher exact test for discrete variables and the unpaired
t test, Wilcoxon sign-rank test, or analysis of variance for con-
tinuous variables. Survival analyses were performed using the
Kaplan-Meier method and the log-rank test. All P values infe-
rior to .05 were considered statistically significant.

A Cox proportional hazards regression model was used to
evaluate factors independently associated with OS and PFS.
Variables included in the final multivariate model were se-
lected according to their clinical relevance and statistical sig-
nificance in a univariate analysis (cutoff, P = .10). The propor-
tional hazard hypothesis was verified with the Schoenfeld
residual method. Factors associated with disease control
were tested with logistic regression in univariate and multi-
variate analyses. The α level was 5%. Internal validation of
the final multivariate model for OS was performed on the
overall LIPI population with a bootstrap sample procedure
(n = 1000 samples). Statistical analyses were performed
with R (free software environment for statistical computing
and graphics).

Results
Test Set
dNLR and LDH
Baseline characteristics of the 161 test set patients are sum-
marized in eTable 2 in the Supplement. Median follow-up was
12 months (95% CI, 11-14 months). Median OS was 10 months
(95% CI, 8-13 months) and median PFS was 3 months (95% CI,
2-4 months). A dNLR greater than 3 and LDH greater than ULN
were associated with shorter OS (HR, 1.98; 95% CI, 1.27-3.10;
P = .002 and HR, 2.44; 95% CI, 1.47-4.04; P < .001, respec-
tively, log-rank test) and shorter PFS (HR, 1.61; 95% CI, 1.1-
2.34 and HR, 1.77; 95% CI, 1.16-2.69; both P = .01, log-rank test).
A dNLR greater than 3 and LDH greater than ULN were also as-
sociated with progressive disease (non-DCR) (OR, 2.12; 95% CI,
1.07-4.21; P = .03 and OR, 3.14; 95% CI, 1.47-6.71; P = .003, re-
spectively, Cox regression).

In a multivariate analysis, LDH greater than ULN (HR, 2.51;
95% CI, 1.32-4.76) and dNLR greater than 3 (HR, 2.22; 95% CI,
1.23-4.01) were independently associated with OS, while per-
formance status of 2 or greater (HR; 2.21, 95% CI, 1.04-4.67) and

dNLR greater than 3 (HR, 1.83; 95% CI, 1.12-2.98) were indepen-
dently associated with PFS (eTable 3 in the Supplement).

Lung Immune Prognostic Index (LIPI)
Baseline dNLR greater than 3 and LDH greater than ULN, both
independently associated with OS in the Cox proportional haz-
ard model, were combined for the LIPI calculation. Thirty-
seven patients without baseline LDH or dNLR were excluded
from the LIPI analysis. Among the 126 evaluable patients, 45
(36%) had good LIPI, 62 (49%) had intermediate LIPI, and 19
(15%) had poor LIPI.

Median OS was 3 months (95% CI, 1 month to not reached
[NR]) vs 10 months (95% CI, 8 months to NR) vs 34 months
(95% CI, 17 months to NR) for the poor, intermediate, and good
LIPI groups, respectively (P < .001) (eFigure 2A in the Supple-
ment). Median PFS was 1 month (95% CI, 2 to 4 months) vs 3
months (95% CI, 2 to 5 months) vs 6 months (95% CI, 4 months
to NR) for the poor, intermediate, and good LIPI groups, re-
spectively (P = .001) (eFigure 2B in the Supplement). Disease
control rate was also significantly correlated with the LIPI
groups (P = .004) (eTable 4 in the Supplement). Intermediate
and poor LIPI groups were associated with progressive dis-
ease as the best response to ICI (non-DCR), with an odds ra-
dio (OR) of 3.21 (95% CI, 1.12-9.18; P = .03) and 8.03 (95% CI,
1.82-35.36; P = .006), respectively. Performance status of at
least 2 at baseline was also associated with non-DCR, with an
OR of 7.89 (95% CI, 1.46-42.50).

Validation Set
Baseline characteristics in the 305 patients in the validation
set were comparable to those of the test set (eTable 1 in the
Supplement). Median follow-up was 12.8 months (95% CI, 11.9-
14.4 months), median OS was 10.5 months (95% CI, 8.3-12.6
months), and median PFS was 4.6 months (95% CI, 4.0-6.3
months).

Lung Immune Prognostic Index was inversely correlated
with OS and PFS. For the poor (high LIPI), intermediate, and
good (low LIPI) LIPI groups, median OS was 6.2 months (95%
CI, 4.3 to 13.9 months) vs 10.0 months (95% CI, 7.2 to 12.9
months) vs 14.2 months (95% CI, 10.8 months to NR), respec-
tively (P = .004) (eFigure 2C in the Supplement). For the poor,
intermediate, and good LIPI groups, median PFS was 3.6
months (95% CI, 2.1-6.7 months) vs 4.2 months (95% CI, 3.1-
6.3 months) vs 6.7 months (95% CI, 4.5-8.0 months) (P = .005)
(eFigure 2D in the Supplement). The response rate (according
to the investigator) and the DCR were also correlated with the
LIPI groups (P < .001 and P = .01, respectively) (eFigure 3 and
eTable 4 in the Supplement).

Pooled LIPI Population
Baseline characteristics are summarized in eTable 2 in the
Supplement, and in eTable 5 in the Supplement according to
LIPI group. Median follow-up was 12.8 months (95% CI, 11.9-
13.5 months). Median dNLR was 2.42 (interquartile range, 1.73-
3.61) and was greater than 3 in 163 patients (35%). Median LDH
was 248.5 U/L (interquartile range, 189-350 U/L; to convert to
microkatals per liter, multiply by 0.0167), and greater than ULN
in 179 patients (41%). For the overall population, LDH and dNLR
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data were missing for 7% and 3% of the population, respec-
tively. Overall, PD-L1 status was positive in 96 patients (21%),
negative in 33 (7%) and not available in 337 patients (72%). The
high rate of missing PD-L1 status was due to the fact that it was
not mandatory for ICI prescription. The median number of prior
lines of therapy administered before ICI therapy was 1 (range,
0-11). The overall response rate with ICI was 27% (n = 126 pa-
tients), and 32 patients (7%) had additional atypical or disso-
ciated response patterns.

The LIPI was evaluable for 431 patients, giving 63 pa-
tients (15%) in the poor group, 206 (48%) in the intermediate
group, and 162 (38%) in the good LIPI group. Median OS was
10.1 months (95% CI, 9.0-11.7 months) and median PFS was 4.0
months (95% CI, 3.4-5.0 months).

Median OS was 4.8 (95% CI, 3.6-7.7) vs 10.0 (95% CI, 7.3-
12.6) vs 16.5 (95% CI, 11.4-34.0) months for the poor, interme-
diate, and good LIPI groups, respectively (Figure, A), and me-
dian PFS was 2.0 (95% CI, 1.7-4.0) vs 3.7 (95% CI, 3.0-4.8) vs
6.3 (95% CI, 5.0-8.0) months (both P < .001) (Figure, B).

The role of dNLR greater than 3 and LDH greater than ULN
were further validated with a resampling bootstrap procedure

(1000 replications) in which all statistical analyses were repli-
cated on each bootstrapped sample (Table 1), with this internal
validation procedure reflecting the robustness of the final model.
A dNLR greater than 3 and LDH greater than ULN were associ-
ated with significantly shorter OS (HR, 1.70; 95% CI, 1.27-2.28;
P < .001 and HR, 1.36; 95% CI, 1.02-1.83; P = .04, respectively).
No differences were observed in our cohort according to PD-L1
expression (positive/negative/unknown) in terms of PFS and OS.

The LIPI was also correlated with response rate (P < .001).
In a multivariate analysis, the intermediate and poor groups
were associated with progressive disease, with an OR of 2.20
(95% CI, 1.26-3.84; P = .005) and 3.04 (95% CI, 1.46-6.36;
P = .003), respectively (Table 2).

Analysis of OS according to population subgroups re-
vealed significant correlations with the LIPI group, regard-
less of histologic subtype (eFigure 4 in the Supplement) and
age (eFigure 5 in the Supplement). In the smoker population,
LIPI was correlated with OS (HR for intermediate-risk group,
1.68; 95% CI, 1.21-2.32; HR for poor-risk group, 2.82; 95% CI,
1.88-4.24; P < .001) (eFigure 6 in the Supplement). In the per-
formance status 0 to 1 population, LIPI was correlated with OS

Figure. Overall Survival (OS) and Progression-Free Survival (PFS) According to Lung Immune Prognostic Index (LIPI) Groups, in the Immunotherapy
Pooled Cohort and in the Chemotherapy Cohort
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(HR for intermediate-risk group, 1.70; 95% CI, 1.22-2.37; HR for
poor-risk group, 3.30; 95% CI, 2.18-4.99; P < .001) (eFigure 7
in the Supplement). In addition, LIPI was correlated with OS
for PD-L1 positive patients (HR for intermediate-risk group, 1.87;
95% CI, 0.90-3.85; HR for poor-risk group, 4.49; 95% CI, 1.97-
10.24; P = .001) (n = 96 [74%]) (eFigure 8 in the Supplement).
In the population without available PD-L1 status, LIPI was also
associated with OS and PFS (HR for intermediate-risk group,
1.51; 95% CI, 1.07-2.14; HR for poor-risk group, 2.58; 95% CI,
1.65-4.04; P < .001 and HR for intermediate-risk group, 1.39;
95% CI, 1.04-1.84; HR for poor-risk group, 1.98; 95% CI, 1.34-
2.92; P = .001, respectively; n = 337).

Chemotherapy-Only Cohort
In the chemotherapy cohort, the 162 patients with advanced
NSCLC had a median follow-up of 25.0 months (95% CI, 21.0
months to NR). Baseline characteristics are summarized in
eTable 2 in the Supplement. Patients received a median of 1
chemotherapy line (range, 1-3), which was first-line for 91 (56%)
of them. Median PFS and OS were 4.0 (95% CI, 3.0-5.0) and
9.0 (95% CI, 8.0-13.0) months, respectively. Median dNLR and
LDH were 3.02 (range, 0.78-43.11) and 218 U/L (range, 109-
3408 U/L), respectively. No correlation was observed in the con-
trol cohort between dNLR or LDH and OS or PFS.

Among the 157 patients evaluable for LIPI, 53 patients (34%)
had a good LIPI score, 70 (45%) intermediate, and 34 (22%) poor
(eTable 6 in the Supplement). No differences were observed
in terms of survival according to LIPI group. Median OS was 7
(95% CI, 5-19) vs 10 (95% CI, 7-15) vs 11 (95% CI, 8-19) months
for the poor, intermediate, and good groups, respectively
(P = .10, log-rank test) (Figure, C). Median PFS was 4 months
(95% CI, 1-6 months) for poor vs 4 months (95% CI, 2-6 months)
for intermediate vs 4 months (95% CI, 4-7 months) for good
(P = .37, log-rank test) (Figure, D). No correlation was ob-
served between LIPI and response rate or DCR.

Discussion
The LIPI, based on dNLR and LDH, was used to stratify our
NSCLC population into 3 groups, good, intermediate, and poor.
In our overall population of 431 patients treated with ICI, me-
dian OS and PFS were 10.1 and 4.0 months, respectively, con-
sistent with prior reports in patients with NSCLC treated with
PD-1 inhibitors in second or later lines.1,2,5 The 15% of the popu-
lation with a poor (high) LIPI were more likely to have progres-
sive disease as their best response to immunotherapy (OR, 3.04;
P = .003, and had both shorter PFS (median, 2.0 months) and

Table 1. Multivariate Analysis for Overall Survival in the Immunotherapy Pooled Cohort
(Bootstrap Internal Validation)

Variable HR (95% CI) P Value
Internal Validation BCA HR
(95% CI)

Age, y

<70 1 [Reference]
.10

≥70 1.35 (0.94-1.93) 0.93-1.96

Smoking history

Nonsmoker 1 [Reference]
.89

Smoker 0.96 (0.58-1.60) 0.60-1.66

Histologic subtype

Nonsquamous 1 [Reference]
.10

Squamous 1.30 (0.95-1.79) 0.94-1.87

No. of metastatic sites

<2 1 [Reference]
.004

≥2 1.56 (1.15-2.12) 1.11-2.22

Lines of immunotherapy

<2 1 [Reference]
.56

≥2 0.91 (0.67-1.24) 0.65-1.25

Performance status before
immunotherapy

0 or 1 1 [Reference]
<.001

≥2 2.08 (1.38-3.13) 1.27-3.70

Lactate dehydrogenase (ULN)

Low or normal 1 [Reference]
.04

High 1.36 (1.02-1.83) 0.98-1.92

Derived neutrophil/lymphocyte ratio

≤3 1 [Reference]
<.001

>3 1.70 (1.27-2.28) 1.29-2.41

Albumin level, g/dL

≥3.5 1 [Reference]
.001

<3.5 1.69 (1.23-2.34) 1.17-2.48

Abbreviations: BCA, bias-corrected
and accelerated bootstrap interval;
ULN, upper limit of normal.

SI conversion factors: To convert
lactate dehydrogenase to microkatals
per liter, multiply by 0.0167.
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OS (median, 4.8 months) than those with an intermediate or
good (low) LIPI (P < .001). On the other hand, LIPI was not as-
sociated with outcome in patients treated with chemotherapy
only, providing support that it might be a predictor of benefit
from ICI, a hypothesis that requires prospective validation.

In lung cancer, systemic inflammatory status has been
closely correlated with worse prognosis, but mainly in early
disease stages.12,16,17 In advanced disease, a negative impact
has been observed in patients treated with platinum-based che-
motherapy and targeted therapies16,18,19; however, the effect
of inflammatory status on immunotherapy benefit is not well
known. Numerous routine blood parameters have been inves-
tigated as potential inflammatory biomarkers, including el-
evated neutrophils, platelets, LDH, and hypoalbuminemia, all
of which are associated with poor outcomes in cancer.10-13 More
recently, novel parameters, such as dNLR, have been investi-
gated. The NLR is a well-known prognostic factor in patients
with NSCLC.12,20 In a monocentric retrospective cohort of 175
patients treated with nivolumab, NLR of 5 or greater was as-
sociated with poor prognosis.21 The dNLR may be more rel-
evant than NLR because it includes monocytes and other
granulocyte subpopulations. High dNLR has been associated
with shorter survival in patients with several tumor types, in-
cluding melanoma, pancreas, bladder, and renal cancer.14,22-24

In melanoma, Ferruci et al14 reported that dNLR of 3 or greater
had an independent negative effect on survival (HR, 4.10;
P < .001) in 720 patients with melanoma treated with ipili-
mumab. To our knowledge, our study is the first to explore this
parameter in NSCLC. Elevated dNLR was found in 35% of the

patients with NSCLC, slightly higher than the 22.5% reported
by Ferruci et al14 in melanoma.

Lactate dehydrogenase level is a classic inflammatory
marker in patients with cancer, widely studied in lung cancer
treated with chemotherapy or targeted therapies, as well as in
patients with EGFR-mutant NSCLC; LDH has been found to be
associated with shorter survival when increased from 1 to 2.5
times ULN.11,25,26 In melanoma, it has a potentially predictive
effect on patients treated with PD-1 and CTLA-4 (cytotoxic T lym-
phocyte–associated antigen 4) inhibitors.15,27,28 Interestingly,
Diem et al27 reported that in 66 patients with melanoma treated
with PD-1 inhibitors, a greater than 10% increase in LDH was sig-
nificantly associated with shorter OS, reflecting the potential
value of the monitoring these markers.

Recently Kargl et al29 showed that neutrophils dominate
the NSCLC immune landscape, being responsible for treat-
ment failure under ICIs. In the tumor microenvironment, neu-
trophils can be manipulated, including early in their differen-
tiation process, to develop different phenotypic and functional
polarization states inducing antitumor or protumor effects.30

In a pro-inflammatory status, this induces an “emergency
granulopoiesis” that rapidly increases neutrophil genera-
tion, releasing immature or poorly differentiated neutro-
phils, which has been associated with tumor progression.31

Derived NLR may reflect this negative inflammation.

Limitations
Theretrospectivenatureofthisstudyimpliesvariouslimitations,
including missing clinical and pathological data (albeit for a low
proportion of patients); a high rate of patients had unknown PD-
L1 status, and when data were available, the percentage of posi-
tive expression was often not provided. It should be noted that
much of the population was treated in a second- or third-line set-
ting, in which PD-L1 status was not mandatory for prescribing
the therapy in Europe. Furthermore, for patients with known
status, as this was not centrally performed, methodology was
heterogeneous (eg, antibodies, measurements). Another limi-
tation is that in the validation set and chemotherapy cohort, ra-
diological assessment was performed locally, lowering the
strength of the DCR and PFS results. Finally, some patients from
the poor LIPI group achieved clinical benefit—possibly because
automated neutrophil counts do not discriminate between the
different subpopulations of neutrophils that could have protu-
mor or antitumor functions.29,30

Conclusions
Poor baseline LIPI, combining dNLR greater than 3 and LDH
greater than ULN, was correlated with poor outcomes with im-
munotherapy, but not chemotherapy, raising the hypothesis
that LIPI might be useful for identifying patients unlikely to
benefit from treatment.

The assessment of LIPI in association with PD-L1 expres-
sion should be explored in future prospective clinical trials and
will contribute to defining the prognostic and/or predictive
value of LIPI. Moreover, LIPI could also be used to stratify pa-
tients in randomized studies.

Table 2. Logistic Regression of Clinical Benefit (Disease Control Rate)
in the Immunotherapy Pooled Cohort

Variable OR (95% CI) P Value
Age, y

<70
.84

≥70 1.06 (0.58-1.96)

Smoking history

Nonsmoker 1 [Reference]
.21

Smoker 0.57 (0.24-1.37)

Histologic subtype

Nonsquamous 1 [Reference]
.82

Squamous 1.06 (0.62-1.81)

No. of metastatic sites

≤2 1 [Reference]
.12

>2 1.49 (0.90-2.46)

Lines of immunotherapy

≤2 1 [Reference]
.25

>2 1.34 (0.81-2.22)

Performance status

0 or 1 1 [Reference]
.03

≥2 2.10 (1.06-4.16)

LIPI groups

Good 1 [Reference]

Intermediate 2.20 (1.26-3.84) .005

Poor 3.04 (1.46-6.36) .003

Abbreviations: LIPI, lung immune prognostic index; OR, odds ratio.
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