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Background: Many tools have been developed to predict the efficacy of immu-
notherapy, such as lung immune prognostic index (LIPI), EPSILoN [Eastern
Cooperative Oncology Group performance status (ECOG PS), smoking, liver me-
tastases, lactate dehydrogenase (LDH), neutrophil-to-lymphocyte ratio (NLR)],
and modified lung immune predictive index (mLIPI) scores. The aim of this study
was to determine the ability of three predictive scores to predict the outcomes in
Chinese advanced non-small cell lung cancer (aNSCLC) patients treated with im-
mune checkpoint inhibitors (ICIs).

Methods: We retrospectively analyzed 429 patients with aNSCLC treated with
ICIs at our institution. The predictive ability of these models was evaluated using
area under the curve (AUC) in receiver operating characteristic curve (ROC)
analysis. Calibration was assessed using the Hosmer-Lemeshow test (H-L test)
and Spearman'’s correlation coefficient. Progression-free survival (PFS) and over-
all survival (OS) curves were generated using the Kaplan-Meier method.
Results: The AUC values of LIPI, mLIPI, and EPSILoN scores predicting PFS at
6 months were 0.642 [95% confidence interval (CI):0.590-0.694], 0.720 (95% CI:
0.675-0.762), and 0.633 (95% CI: 0.585-0.679), respectively (p < 0.001 for all mod-
els). The AUC values of LIPT, mLIPI, and EPSILON scores predicting objective re-
sponse rate (ORR) were 0.606 (95% CI: 0.546-0.665), 0.683 (95% CI: 0.637-0.727),
and 0.666 (95% CI: 0.620-0.711), respectively (p < 0.001 for all models). The C-
indexes of LIPI, mLIPI, and EPSILoN scores for PFS were 0.627 (95% CI 0.611-
6.643), 0.677 (95% CI 0.652-0.682), and 0.631 (95% CI 0.617-0.645), respectively.
Conclusions: As mLIPI scores had the highest accuracy when used to predict the
outcomes in Chinese aNSCLC patients, this tool could be used to guide clinical

immunotherapy decision-making.
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1 | INTRODUCTION

Over the past decade, the emergence of immunother-
apy has significantly changed the therapeutic landscape
of advanced non-small cell lung cancer (aNSCLC).'
Nivolumab, a fully human IgG4 monoclonal antibody that
targets PD-1, was initially approved as an immune check-
point inhibitor (ICI) by the United States Food and Drug
Administration (FDA) to treat patients with pretreated
aNSCLC.** Due to a significant improvement in the over-
all survival (OS) of patients treated with nivolumab com-
pared with standard chemotherapy, pembrolizumab and
atezolizumab were then also approved to treat aNSCLC
patients.”” Recently, anti-PD-1/PD-L1 agents, combined
with platinum-doublet chemotherapy and bevacizumab,
have been used as first-line aNSCLC treatment and have
demonstrated greater survival benefit compared with
standard chemotherapy. On 15 June 2018, nivolumab be-
came the first immunologic drug approved by the China
Food and Drug Administration (CFDA) to enter the
Chinese market. This provided new treatment options
for Chinese aNSCLC patients. Following this, pembroli-
zumab, sintilimab, toripalimab, and other ICIs have been
successively launched in China, these drugs enabling
many patients to achieve long-term survival. Despite
these survival improvements, however, only a propor-
tion of patients respond to immunotherapy and less than
20% experience durable clinical benefits.*’ It is crucial to
identify predictive and prognostic biomarkers to identify
patients who are most likely to respond to immunother-
apy. PD-L1 is the only approved and thoroughly explored
predictive biomarker to date. However, of the immuno-
logic drugs used to treat NSCLC, only the application of
pembrolizumab was related to the expression of PD-L1. It
has been reported that 11%-20% of patients who are PD-
L1 negative also respond to immunotherapy,'®!" render-
ing the predictive role of PD-L1 insufficient. While more
potential biomarkers are currently being explored, such
as microsatellite instability-high (MSI-H), tumor muta-
tional burden (TMB), and immunogenic signatures, these
biomarkers are expensive and none have been verified as
playing a vital role in NSCLC."

Peripheral blood inflammatory parameters, such
as neutrophil-to-lymphocyte ratio (NLR), derived
neutrophil-to-lymphocyte ratio (ANLR), lactate dehydro-
genase (LDH), and platelet-to-lymphocyte ratio (PLR),
have been shown to have prognostic and predictive val-
ues in various malignancies treated with immunother-
apy, including NSCLC."*"” In contrast with PD-L1 and
TMB, these peripheral hematology indicators are read-
ily accessible and essentially non-invasive to measure.
Considering the complex organismal inflammatory envi-
ronment of cancer patients, clinical outcomes should not

be influenced by univariate factors only, but more likely
by the combination of multiple clinical features and lab-
oratory parameters in patients with aNSCLC. Thus, a
scoring model consisting of multiple clinical parameters
could perhaps better predict immunotherapy prognosis.
In 2018, Mezquita et al. described a lung immune prog-
nostic index (LIPI) based on pre-treatment blood levels
of dNLR and LDH, and these researchers confirmed that
LIPI scores are correlated with the prognosis of aNSCLC
when treated with ICIs.'® Prelaj et al. has since proposed
EPSILoN (Eastern Cooperative Oncology Group perfor-
mance status (ECOG-PS), smoking, liver metastases, LDH,
and NLR) scores, and Moor et al. has proposed a modi-
fied lung immune prognostic index (mLIPI) score based
on clinical peripheral blood indicators; these scores have
been found to predict the efficacy of aNSCLC immuno-
therapy.'”*' However, these three models were developed
based on Western populations. Due to ethnic, cultural,
and economic differences, the prognostic value of these
three models for Chinese NSCLC patients requires fur-
ther verification. In this study, we used the area under the
curve (AUC) in the receiver operating characteristic curve
(ROC) analysis to determine the ability of LIPI, EPSILoN,
and mLIPI scores to predict the outcomes of Chinese aN-
SCLC patients treated with ICIs.

2 | METHODS

2.1 | Study population

Between September 2018 and February 2020, we retro-
spectively enrolled 429 patients with histologically proven
aNSCLC (IIIB-1V) treated with ICIs at the Department
of Radiation Oncology, Shandong Cancer Hospital. We
reviewed the electronic medical records of these patients
and collected baseline clinical, pathological, blood bio-
chemical, sensitive gene mutation status, and PD-L1 ex-
pression data collected prior to ICI therapy. Patients were
excluded if they had autoimmune disease, adrenal insuf-
ficiency, pulmonary interstitial disease, or systemic im-
munosuppression. This study was approved by the Ethics
Committee of the Department of Radiation Oncology,
Shandong Cancer Hospital. Due to the retrospective study
design, formal consent was not required. All procedures
performed in this study involving human participants
were in accordance with the Declaration of Helsinki (as
revised in 2013).

Tumor response was assessed by computed tomogra-
phy (CT) every 8-12 weeks. The performance status of
patients was determined by ECOG scores and response
to treatment was evaluated by the Response Evaluation
Criteria in Solid Tumors (RECIST) guidelines (version



ZHAO ET AL.

.. 6203
Cancer Medicine “WI LEYJ—

Open Access.

TABLE 1 Patient characteristics (n = 429)

1.1). Objective response rate (ORR) was defined as the

proportion of enrolled patients who achieved a complete Feature n Percentage (%)
response (CR) or partial response (PR). Progression-free Sex
survival (PFS) was defined as tl.le .tlme from the'com- Male 314 732
mencement of ICI treatment until disease progression or
. . Female 115 26.8
death. OS was defined as the time from the commence-
ment of ICI treatment until death by any cause or final Age (years)
follow-up. <65 288 67.1
>65 141 32.9
Histology
2.2 | Calculation of scores Squamous carcinoma 163 38.0
Adenocarcinoma 266 62.0
Variable, data source, and cutoff value selection for LIPI, Clinical stage
EPSILoN, and mLIPI scores were performed in line with
; . 1890 o o IIb-c 78 18.1
previously published studies and clinical practice in v 251 -
China. The LIPI score was the first to be proposed, incor- .
porating only two clinical parameters, dNLR and LDH, ECOG-PS
and classifying patients into good, intermediate, and poor 0-1 407 94.9
prognosis subgroups based on the following cutoff val- 2-3 22 5.1
ues: dANLR<3 and LDH<ULN, dNLR>3 or LDH>ULN, Smoking status
dNLR>3 and LDH>ULN. The mLIPI score was a modi- Never 224 52.2
fication of the LIPI score with the addition of the ECOG Former/current 205 47.8
score to the two clinical parameters, LDH and NLR (in- Line of immunotherapy
stead of ANLR), with a cutoff value of 1.5*ULN for LDH First 4 172
and a cutoff value of 3 for NLR. The EPSILoN score was '
. . . . Second 167 39.0
based on the inclusion of two risk factors, liver metasta- '
sis and heavy smoking, in addition to ECOG score, LDH, =Third 188 43.8
and NLR, with a cutoff value of 4 for NLR. Further details Actionable mutation
are shown in Supplementary Tables 1 and 2. The normal (=)/undetected 337 78.6
range of LDH was 109-245 units/L. The unit of LDH in the EGFR 53 12.4
original EPSILoN score was mg/ml and the cutoff value ALK 4 0.9
was 400. In this paper, considering the clinical practice in KRAS 24 5.6
China, the unit was changed to U/L and the cutoff value P53 o4 5.6
was 1.5*ULN, and the consent of the original authors has .
A . " K PD-L1 expression
been obtained. Heavy smoking was defined as smoking
(=)/undetected 371 86.5
more than or equal to 43 packs a year. LIPT and EPSILoN
scores categorized patients into three prognostic groups, 1%, <50% = >4
being good (best), intermediate, and poor, while mLIPI 250% 35 8.1
scores identified four prognostic groups, being good, in- Number of metastatic sites
termediate, poor, and very poor. <3 354 82.5
>3 75 17.5
.. . Liver metastases
2.3 | Statistical analysis Ves o 145
No 367 85.5
SPSS 23.0 software (IBM SPSS, Armonk, NY) and R Brai
software (version 3.6.0) were used for statistical analy- rain metastases
ses. Differences between the groups were compared VD 102 25
using Kruskal-Wallis H tests. The discriminative ability No 327 76.2
of the predictive models was evaluated by AUC in the Bone metastases
ROC analysis. The predictive accuracy was evaluated Yes 124 28.9
by calculating the concordance index (C-index) of each No 305 71.1

score. Hosmer-Lemeshow tests (H-L tests) were con-
ducted to determine the fit of the prediction models, and

(Continues)
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TABLE 1 (Continued)

Feature n Percentage (%)
LDH (U/L)

<ULN 281 65.5

>ULN 148 34.5

<1.5*ULN 380 88.6

>1.5*ULN 49 11.4
NLR

<3 196 45.7

>3 233 54.3
NLR

<4 301 70.2

>4 128 29.8
dNLR

<3 346 80.7

>3 83 19.3
PLR

<160 167 38.9

>160 262 61.1

Lines of treatment

1 74 17.3
2 167 38.9
>3 188 43.8
Type of immunotherapy
Nivolumab 42 9.7
Pembrolizumab 50 11.6
Toripalimab 60 14.0
Sintilimab 227 52.9
Camrelizumab 38 8.9
Tislelizumab 12 2.8

Best overall response

CR 0 0

PR 99 23.1

SD +PD 330 76.9
Overall survival status

Alive 293 68.3

Deceased 136 31.7

Abbreviations: dNLR, derived neutrophil-to-lymphocyte ratio; ECOG-PS,
Eastern Cooperative Oncology Group performance status; LDH, lactate
dehydrogenase; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-
lymphocyte ratio; CR, complete response; PR, partial response; SD, stable
disease; PD, partial disease.

Spearman'’s correlation coefficients were calculated to
assess the association between predictive model scores
and survival time. PFS and OS curves were generated
using the Kaplan-Meier method and differences were as-
sessed using log-rank tests. Univariate and multivariate
analyses were performed using Cox proportional hazards

regression models. Two-tailed p values of less than 0.05
were considered to be statistically significant.

3 | RESULTS

3.1 | Patient characteristics

The baseline clinical characteristics of the 429 patients
are shown in Table 1. The median age was 61 years with
arange of 30-79 years, and 32.9% of patients were aged 65
or older. Most of the patients were men (n = 314; 73.2%),
and approximately half were heavy smokers (n = 224;
52.2%). Adenocarcinoma was the predominant histo-
logic subtype (n = 266, 62.0%), and more than half of the
patients had a good performance status, with ECOG PS
values of 0 and 1 reported by 407 of the patients, being
94.9%. At the time of treatment, liver, brain, and bone
metastases had occurred in 14.5%, 23.8%, and 28.9% of
patients, respectively. Of the 429 patients, 74 (17.3%)
received immunotherapy as first-line treatment. At the
time of statistical analysis, 293 patients (68.3%) had dis-
ease progression, and 138 patients (38.2%) were deceased.
Following a median follow-up period of 9.9 months, the
median OS and PFS were 14.2 months and 5.6 months,
respectively. The ORR was 23.1% [n = 99, 95% confidence
interval (CI): 19.1-27.1].

3.2 | Swurvival analysis based on LIPI,
mLIPI, and EPSILoN scores

The variables included in the univariate analysis for PFS
and OS are shown in Tables 2 and 3. In multivariate
model, ECOG PS (HR 2.521, 95% CI: 1.6-3.1; p = 0.001),
heavy smoking (HR 0.790, 95% CI: 0.6-1.0; p = 0.048),
liver metastases (HR 1.567, 95% CI: 1.1-2.1; p = 0.009),
dNLR>3 (HR 1.984, 95% CI: 1.5-2.7; p < 0.001), and
LDH>ULN (HR 1.666, 95% CI: 1.3-2.1; p < 0.001) were
shown to be independent prognostic biomarkers for
PFS of LIPI score. ECOG PS (HR 2.386, 95% CI: 1.5-3.9;
p < 0.001), heavy smoking (HR 0.705, 95% CI: 0.6-0.9;
p = 0.048), liver metastases (HR 1.838, 95% CI: 1.3-2.6;
p < 0.001), NLR>3 (HR 3.340, 95% CI: 2.5-4.4; p < 0.001),
and LDH>1.5*ULN (HR 2.661, 95% CI: 1.8-3.7; p < 0.001)
were shown to be independent prognostic biomarkers for
PFS of mLIPI score. ECOG PS (HR 2.199, 95% CI: 1.4-3.6;
p = 0.001), heavy smoking (HR 0.759, 95% CI: 0.6-1.0;
p = 0.021), liver metastases (HR 1.677, 95% CI: 1.2-2.3;
p = 0.002), NLR>4 (HR 2.455, 95% CI: 1.9-3.2; p < 0.001),
and LDH>1.5*ULN (HR 2.715, 95% CI: 1.9-3.9; p < 0.001)
were shown to be independent prognostic biomarkers
for PFS of EPSILoN score (Tables 4-6). The variables
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TABLE 2 Univariate analysis of PFS

TABLE 3 Univariate analysis of OS

Covariate

Sex

Age

Histology

Clinical stage

ECOG PS

Smoking status
Number of metastatic sites
Line of immunotherapy
Liver metastases

Brain metastases

Bone metastases

NLR

dNLR
LDH (U/L)

PLR

Open Access.

Category
Female

265
Adenocarcinoma
v

2-3
Former/current
23

>3

Yes

Yes

Yes

>3

24

>3

>ULN
>1.5*ULN

2160

Univariate analysis
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HR (95% CI)

1.109 (0.861-1.429)
0.855 (0.666-1.096)
1.234(0.971-1.569)
1.605 (1.161-2.220)
3.109 (1.966-4.917)
0.732 (0.581-0.923)
1.852 (1.389-2.469)
1.401 (1.113-1.764)
1.958 (1.448-2.646)
1.303 (0.997-1.703)
1.451 (1.133-1.859)
2.736 (2.158-3.470)
2.890 (2.267-3.683)
2.504 (1.906-3.290)
1.873 (1.481-2.370)
3.398 (2.477-4.660)
1.552(1.219-1.977)

p value
0.427
0.217
0.085
0.004*

<0.001*
0.008*

<0.001*
0.004*
<0.001*
0.053
0.003*
<0.001*
<0.001*
<0.001*
<0.001*
<0.001*
<0.001*

Abbreviations: dNLR, derived neutrophil-to-lymphocyte ratio; ECOG PS, Eastern Cooperative Oncology
Group performance status; LDH, lactate dehydrogenase; NLR, neutrophil-to-lymphocyte ratio; PFS,
progression-free survival; PLR, platelet-to-lymphocyte ratio.

*means p < 0.05.

Covariate

Sex

Age

Histology

Clinical stage

ECOG PS

Smoking status
Number of metastatic sites
Line of immunotherapy
Liver metastases

Brain metastases

Bone metastases

NLR

dNLR
LDH

PLR

Category
Female

265
Adenocarcinoma
v

2-3
Former/current
>3

>3

Yes

>3

>ULN
>1.5*ULN
>160

Univariate analysis

HR (95% CI)

1.024 (0.702-1.495)
1.198 (0.844-1.700)
1.368 (0.955-1.960)
1.926 (1.143-3.246)
7.138 (4.311-11.818)
1.035 (0.739-1.450)
1.359 (1.187-1.556)
1.668 (1.193-2.330)
1.893 (1.255-2.855)
1.589 (1.087-2.323)
2.010 (1.425-2.836)
3.878 (2.623-5.733)
2.729 (1.936-3.847)
2.522 (1.740-3.656)
2.640 (1.887-3.693)
4.554 (3.066-6.764)
1.382(0.971-1.966)

p value

0.900
0.313
0.088
0.014*
<0.001*
0.839
<0.001*
0.003*
0.002*
0.017*
<0.001*
<0.00'*
<0.001*
<0.001*
<0.001*
<0.001*
0.072

Abbreviations: dNLR, derived neutrophil-to-lymphocyte ratio; ECOG PS, Eastern Cooperative Oncology

Group performance status; LDH, lactate dehydrogenase; NLR, neutrophil-to-lymphocyte ratio; OS,
overall survival; PLR, platelet-to-lymphocyte ratio.

*p < 0.05.
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Covariate

Clinical stage
ECOG PS

Smoking status

Number of metastatic sites

Line of immunotherapy
Liver metastases

Bone metastases

dNLR

LDH

PLR

Abbreviations: dNLR, derived neutrophil-to-lymphocyte ratio; ECOG PS, Eastern Cooperative Oncology

Category
v

2-3
Former/current
>3

>3

Yes

Yes

>3

>ULN
>160

Multivariate analysis

HR (95% CI)

1.232(0.872-1.741)
2.521 (1.554-3.090)
0.790 (0.625-0.998)
1.393(0.991-1.957)
1.194 (0.940-1.515)
1.567 (1.117-2.199)
0.935 (0.701-1.247)
1.984 (1.479-2.659)
1.666 (1.298-2.140)
1.284 (0.992-1.661)

p value

0.237
0.001*
0.048*
0.056
0.146
0.009*
0.646
<0.001*
<0.001*
0.058

Group performance status; LDH, lactate dehydrogenase; NLR, neutrophil-to-lymphocyte ratio; PFS,

progression-free survival; PLR, platelet-to-lymphocyte ratio.

*means p < 0.05.

Covariate

Clinical stage
ECOG PS
Smoking status

Number of metastatic sites

Line of immunotherapy
Liver metastases

Bone metastases

NLR

LDH

PLR

Abbreviations: dNLR, derived neutrophil-to-lymphocyte ratio; ECOG PS, Eastern Cooperative Oncology

Category
v

2-3
Former/current
>3

23

Yes

Yes

>3
>1.5*ULN
>160

Multivariate analysis

HR (95% CI)

1.226 (0.864-1.740)
2.386 (1.476-3.859)
0.705 (0.557-0.892)
1.280(0.905-1.810)
1.175 (0.924-1.495)
1.838 (1.313-2.573)
0.958 (0.714-1.285)
3.340 (2.548-4.377)
2.611 (1.835-3.714)
0.935 (0.717-1.219)

p value

0.253
<0.001*
0.004*
0.163
0.187
<0.001*
0.776
<0.001*
<0.001*
0.620

Group performance status; LDH, lactate dehydrogenase; NLR, neutrophil-to-lymphocyte ratio; PFS,

progression-free survival; PLR, platelet-to-lymphocyte ratio.

*means p < 0.05.

Covariate

Clinical stage
ECOG PS
Smoking status

Number of metastatic sites

Line of immunotherapy
Liver metastases

Bone metastases

NLR

LDH

PLR

Abbreviations: dNLR, derived neutrophil-to-lymphocyte ratio; ECOG PS, Eastern Cooperative Oncology

Category
v

2-3
Former/current
>3

>3

Yes

Yes

>4
>1.5*ULN
=160

Multivariate analysis

HR (95% CI)

1.255 (0.886-1.777)
2.199 (1.356-3.565)
0.759 (0.601-0.959)
1.263(0.894-1.785)
1.245 (0.979-1.584)
1.677 (1.200-2.343)
0.910 (0.678-1.222)
2.455 (1.875-3.214)
2.715 (1.904-3.872)
1.074 (0.820-1.408)

p value

0.201
0.001*
0.021*
0.186
0.074
0.002*
0.531
< 0.001*
<0.001*
0.604

Group performance status; LDH, lactate dehydrogenase; NLR, neutrophil-to-lymphocyte ratio; PFS,

progression-free survival; PLR, platelet-to-lymphocyte ratio.

*means p < 0.05.

TABLE 4 Multivariate analysis of PFS
for LIPI

TABLE 5 Multivariate analysis of PFS
for mLIPI

TABLE 6 Multivariate analysis of PFS
for EPSILoN
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included in the multivariate analysis for the OS of these
three scores are shown in Tables 7-9.

We then analyzed the patient outcomes based
on the three predictive models. Patients with higher
scores on these models, whether on LIPI, mLIPI, or
EPSILoN, demonstrated more risk factors and signifi-
cantly shorter PFS and OS (p < 0.001 for all models)
(Figures 1-3).

3.3 | Predictive ability of LIPI,
mLIPI, and EPSILoN scores for
PFS and ORR

The AUC values of LIPI, mLIPI, and EPSILoN scores
for predicting PFS at 6 months were 0.642 (95%
CI:0.590-0.694), 0.720 (95% CI: 0.675-0.762), and 0.633

TABLE 7 Multivariate analysis of OS

.. 6207
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(95% CI: 0.585-0.679), with sensitivities of 53.6%, 72.6%,
and 79.5% and specificities of 71.1%, 66.3%, and 40.4%,
respectively (p < 0.001 for all models). The AUC value of
mLIPI scores was significantly higher than that of LIPI
and EPSILoN scores (p < 0.05). The C-indexes of LIPI,
mLIPI, and EPSILoN scores for PFS were 0.627 (95%
CI 0.611-6.643), 0.677 (95% CI 0.652-0.682), and 0.631
(95% CI 0.617-0.645), respectively. The mLIPI model
demonstrated the best predictive power for PFS. The
Hosmer-Lemeshow chi-squared values of LIPI, mLIPI,
and EPSILoN scores were 6.142, 7.982, and 4.333, re-
spectively (p > 0.05 for all models). The Spearman's
correlation coefficients calculated between observed
and expected clinical results were —0.355, —0.560, and
—0.369, respectively (p < 0.001 for all models) (Tables 10
and 11) (Figure 4). The AUC values of LIPI, mLIPI, and
EPSILoN scores for predicting the ORR were 0.606 (95%

Multivariate analysis

for LIPI
Covariate Category HR (95% CI) p value
Clinical stage v 1.247 (0.711-2.186) 0.441
ECOG PS 2-3 4.875 (2.800-8.485) <0.001*
Number of metastatic sites >3 1.772(1.089-2.883) 0.021*
Line of immunotherapy >3 1.475 (1.028-2.065) 0.034*
Liver metastases Yes 1.198 (0.747-1.923) 0.453
Brain metastases Yes 1.063(0.704-1.605) 0.771
Bone metastases Yes 1.057 (0.705-1.587) 0.787
dNLR >3 1.860 (1.260-2.747) 0.002*
LDH >ULN 2.025(1.416-2.896) <0.001*

Abbreviations: dNLR, derived neutrophil-to-lymphocyte ratio; ECOG PS, Eastern Cooperative Oncology
Group performance status; LDH, lactate dehydrogenase; NLR, neutrophil-to-lymphocyte ratio; OS,
overall survival; PLR, platelet-to-lymphocyte ratio.

*p < 0.05.

TABLE 8 Multivariate analysis of OS .. .

for mLIPI Multivariate analysis
Covariate Category HR (95% CI) p value
Clinical stage v 1.228 (0.694-2.173) 0.428
ECOG PS 2-3 4.753 (2.749-8.220) <0.001*
Number of metastatic sites >3 1.442(0.864-2.405) 0.161
Line of immunotherapy >3 1.474(1.041-2.088) 0.029*
Liver metastases Yes 1.435(0.892-2.308) 0.137
Brain metastases Yes 1.218(0.804-1.844) 0.352
Bone metastases Yes 1.152(0.761-1.745) 0.503
NLR >3 3.512 (2.353-5.241) <0.001*
LDH >1.5*ULN 2.995(1.923-4.663) <0.001*

Abbreviations: dNLR, derived neutrophil-to-lymphocyte ratio; ECOG PS, Eastern Cooperative Oncology
Group performance status; LDH, lactate dehydrogenase; NLR, neutrophil-to-lymphocyte ratio; OS,
overall survival; PLR, platelet-to-lymphocyte ratio.

*p < 0.05.
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.. . TABLE 9 Multivariate analysis of OS
Multivariate analysis

for EPSILoN
Covariate Category HR (95% CI) p value
Clinical stage v 1.284 (0.728-2.262) 0.388
ECOG PS 2-3 4.909 (2.838-8.493) <0.001*
Number of metastatic sites >3 1.444(0.872-2.391) 0.153
Line of immunotherapy >3 1.485 (1.049-2.102) 0.026*
Liver metastases Yes 1.355(0.842-2.180) 0.210
Brain metastases Yes 1.238(0.822-1.862) 0.307
Bone metastases Yes 1.097 (0.727-1.655) 0.659
NLR >4 2.091 (1.457-3.001) <0.001*
LDH >1.5*ULN 3.020(1.939-4.703) <0.001*
Abbreviations: dNLR, derived neutrophil-to-lymphocyte ratio; ECOG PS, Eastern Cooperative Oncology
Group performance status; LDH, lactate dehydrogenase; NLR, neutrophil-to-lymphocyte ratio; OS,
overall survival; PLR, platelet-to-lymphocyte ratio.
*p < 0.05.
(a) Kaplan-Meier for PFS (b) Kaplan-Mesier for PFS (©) Kaplan-Meier for PFS
LIPI 1 LIPI
5 107 EPSILON 5 107 5 10 m
= 0 2 0 2 -0
E 0.8 E 0.8 E 0.8 .
7 log-rank p<0.001 -1 @ log-rank p<0.001 -1 (7] log-rank p<0.001 L
S 2 ] 2 d 2
£ 0.6 = 0.6 £ 0.6+
< & < =38
S S S
é 0.4 g 0.4+ g 0.4+
g 0.2 g 0.2 S 0.2-
o o o
0.0 T T T T T 1 0.0 T T T T T 1 0.0 T T T T T 1
0 5 10 15 20 25 30 0 5 10 15 20 25 30 0 5 10 15 20 25 30
PFS months PFS months PFS months

FIGURE 1 Kaplan-Meier analysis of PFS. (A) PFS rate for LIPI; (B) PFS rate for mLIPI; and (C) PFS rate for EPSILoN. PFS, progression-
free survival; LIPI, lung immune prognostic index; mLIPI, modified lung immune predictive index; EPSILoN, Eastern Cooperative Oncology
Group performance status, smoking, liver metastases, lactate dehydrogenase, neutrophil-to-lymphocyte ratio

(a) Kaplan-Meier for OS (b) Kaplan-Meier for OS (c) Kaplan-Meier for OS
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FIGURE 2 Kaplan-Meier analysis of OS. (A) OS rate for LIPI; (B) OS rate for mLIPT; (C) and OS rate for EPSILoN. N/A, not available.
OS, overall survival; LIPI, lung immune prognostic index; mLIPI, modified lung immune predictive index; EPSILoN, Eastern Cooperative
Oncology Group performance status, smoking, liver metastases, lactate dehydrogenase, neutrophil-to-lymphocyte ratio

CI: 0.546-0.665), 0.683 (95% CI: 0.637-0.727), and 0.666 respectively (p < 0.001 for all models) (Tables 12 and 13)
(95% CI: 0.637-0.711), with sensitivities of 69.7%, 68.7%, (Figure 4). The mLIPI model demonstrated the best pre-
and 51.5% and specificities of 48.2%, 65.5%, and 78.8%, dictive power for ORR.
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TABLE 10 PFS prediction at 6 months by LIPI, mLIPI, and EPSILoN scores

Spearman rank correlation H-L test
Predictive models AUC (95% CI) C-index(95% CI) (p value) (p value)
LIPI 0.642 (0.590-0.694) 0.627 (0.611-6.643) —0.355 (<0.001) 6.142 (0.631)
mLIPI 0.720 (0.675-0.762) 0.677 (0.652-0.682) —0.560 (<0.001) 7.982 (0.435)
EPSILoN 0.633 (0.585-0.679) 0.631 (0.617-0.645) —0.369 (<0.001) 4.333(0.826)

Abbreviations: EPSILoN, Eastern Cooperative Oncology Group performance status, smoking, liver metastases, lactate dehydrogenase, neutrophil-to-

lymphocyte ratio; LIPI, lung immune prognostic index; mLIPI, modified lung immune predictive index; PFS, progression-free survival.

TABLE 11 Comparison of ROC curves of PFS prediction at
6 months by LIPI, mLIPI, and EPSILoN scores

Predictive models z value p value
LIPI vs. mLIPI 2.928 0.0034*
mLIPI vs. EPSILoN 3.393 0.0007*
EPSILoN vs. LIPI 0.470 0.6385

Abbreviations: EPSILoN, Eastern Cooperative Oncology Group performance
status, smoking, liver metastases, lactate dehydrogenase, neutrophil-to-
lymphocyte ratio; LIPI, lung immune prognostic index; mLIPI, modified
lung immune predictive index; ROC, receiver operating characteristic curve;
PFS, progression-free survival.

*means p < 0.05.

4 | DISCUSSION
The advent of immunotherapy has significantly in-
creased the long-term survival for patients with aNSCLC.
However, oncologists have not yet reached a consensus
on characteristics that define the patient population
which most benefits from immunotherapy. Although
PD-L1 expression is currently the most widely accepted
biomarker for predicting the efficacy of immunother-
apy, its expression status can be modified by prior treat-
ments** and some studies have shown PD-L1 expression
in diagnostic biopsy tissues and surgical specimens to be
highly inconsistent, the use of the expression of PD-L1
to predict if patients will respond to immunotherapy is
unreliable.

Since Rudolf Virchow first detected leukocytes in
tumor tissues in the early 19™ century, the potential

relationship between tumors and inflammation has at-
tracted widespread attention.”* Epidemiological surveys
show that cancers caused by chronic infection and inflam-
mation account for 25% of all cancers, including lung can-
cer.”> While acute inflammation attacks tumors, chronic
inflammation suppresses immune defense against tu-
mors,”® and NLR has been shown to reflect the degree of
chronic inflammation in patients.”’” Lymphocytes play a
key role in recognizing and killing tumors, and also assist
ICIs in performing their antitumor functions. Complex
bidirectional interactions have been observed between
neutrophils and tumor cells: neutrophils secrete chemo-
kines and cytokines to produce an immunosuppressive
environment that favors tumor proliferation, while tumor
cells release granulocyte-colony stimulating factor, which
promotes the aggregation of neutrophils. Later studies
have reported that neutrophils may provide a significant
source of matrix metallopeptidase 9 (MMP-9). This drives
angiogenesis in malignant tumors, contributing to tumor
invasion and metastasis.® Arginine has been previously
reported to be an essential amino acid for a variety of cel-
lular processes, including T-cell proliferation. Neutrophils
can aid tumor invasion by expressing arginase, which de-
grades arginine and affects the proliferation of T cells.”
NLR could, therefore, be used as an indicator to reflect
a patient's inflammation and immune status. While dy-
namic changes in NLR have been shown to predict the
prognosis of immunotherapy-treated patients in many
studies, a cutoff value has not yet been agreed between
these studies.'***3* In our study, NLR >3 was significantly
associated with poor PFS and OS. However, some studies
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FIGURE 4 ROC curves of (A) PFS predictions by LIPI, mLIPI, and EPSILoN scores at 6 months and (B) ORR. ROC, receiver operating
characteristic curve; PFS, progression-free survival; LIPI, lung immune prognostic index; mLIPI, modified lung immune predictive index;

EPSILoN, Eastern Cooperative Oncology Group performance status, smoking, liver metastases, lactate dehydrogenase, neutrophil-to-

lymphocyte ratio; ORR, objective response rate

TABLE 12 ORR predictions at 6 months by LIPI, mLIPI, and
EPSILoN scores

Predictive models AUC (95% CI)

LIPI 0.606 (0.546-0.665)
mLIPI 0.683 (0.637-0.727)
EPSILoN 0.666 (0.620-0.711)

Abbreviations: AUC, area under the curve; EPSILoN, Eastern Cooperative
Oncology Group performance status, smoking, liver metastases, lactate
dehydrogenase, neutrophil-to-lymphocyte ratio; LIPI, lung immune
prognostic index; mLIPI, modified lung immune predictive index; ORR,
objective response rate.

indicated that not all neutrophils and tumor cells had a
mutually reinforcing relationship. Due to the increased
expression of tumor necrosis factor-alpha (TNF-a) and
intercellular adhesion molecule 1 (ICAM-1), N1 (anti-
tumor) phenotype neutrophils are cytotoxic toward tumor
cells.** The next challenge is, therefore, to identify specific
neutrophil subpopulations that can be used to accurately
predict the efficacy of immunotherapy.

LDH is produced by fast-growing tumor cells and can
reflect the tumor burden and inflammatory state of pa-
tients with solid tumors. Multiple studies have demon-
strated that high LDH levels are significantly correlated
with poor prognosis in patients treated with ICIs. This
may be due to the accumulation of serum tumor-derived
lactic acid, which contributes to the inability of CD8 T
cells to export lactate, leading to metabolic disorders.
Derangement of T-cell metabolism might be another
mechanism of tumor resistance to ICIs.*>*¢

Previous randomized clinical trials of immunother-
apy in NSCLC have generally only included patients with
ECOG PS values of 0 and 1. In clinical practice, however,

TABLE 13 Comparison of ROC curves of ORR predictions at
6 months by LIPI, mLIPI, and EPSILoN scores

Predictive models z value p value
LIPI vs. mLIPI 2.510 0.0121*
mLIPI vs. EPSILoN 0.517 0.6054
EPSILoN vs. LIPI 1.852 0.0641

Abbreviations: EPSILoN, Eastern Cooperative Oncology Group performance
status, smoking, liver metastases, lactate dehydrogenase, neutrophil-to-
lymphocyte ratio; LIPI, lung immune prognostic index; mLIPI, modified
lung immune predictive index; ORR, objective response rate; ROC, receiver
operating characteristic curve.

*means p < 0.05.

18% of lung cancer patients are PS values of 2. It is un-
certain whether these patients with poor clinical perfor-
mance can benefit from immunotherapy. Patients with
poor clinical performance usually have frailer immune
systems and lower survival expectations. Past research has
shown that poor ECOG PS is associated with poor prog-
nosis in patients with NSCLC."*! In our study, PS >2 was
found to be an independent risk factor for poor prognosis.
A recent prospective trial, however, included 60 NSCLC
patients with a rigorous ascription of PS 2 receiving pem-
brolizumab. This study showed that pembrolizumab was
as effective in treating PS 2 patients as it was treating PS
0-1 patients.”” Further prospective studies are required to
investigate whether ECOG PS can be used as a prognostic
biomarker to predict the efficacy of immunotherapy.
Liver metastases are associated with poor patient out-
comes and occurs in approximately one fifth of NSCLC
cases. Whether patients affected by NSCLC with liver me-
tastasis can benefit from immunotherapy alone remains
unknown. Several retrospective studies have reported
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that NSCLC patients with liver metastases receiving ICI
monotherapy have a poor prognosis.**** Additionally,
the Phase I CA209-003 trial demonstrated that liver me-
tastases were independently associated with a reduction
in 5-year survival rate.** However, the CheckMate-017
and CheckMate-057 trials showed that nivolumab treat-
ment alone had survival benefits for NSCLC patients
with liver metastases. One meta-analysis included 4485
patients, yielded summary statistics indicating that lung
cancer patients with liver metastases could also benefit
from immunotherapy alone, but they would have rela-
tively less benefit than those without liver metastases.
KEYNOTE-189 showed that pembrolizumab combined
with chemotherapy could improve the PFS and OS of
lung cancer with liver metastases. The subgroup analysis
of IMpower150 demonstrated that who received the addi-
tion of immunotherapy to bevacizumab plus chemother-
apy achieved more clinical benefits than those without
liver metastases.*' As our study indicated that, according
to EPSILoN scores, liver metastases are a risk factor for
patients not responding to immunotherapy, this requires
further exploration.

Heavy smoking was shown in our study to be a posi-
tive prognostic biomarker for immunotherapy response.
Several clinical trials have reported that smokers seem to
benefit more from immunotherapy than non-smokers.****
Smoking-related lung cancer is associated with a higher
mutational burden and PD-L1 expression level, which
is consistent with an increased efficacy of immunother-
apy.*>** Animal model studies have shown that tobacco
enriches CD4-, CD8-, and PD-1-positive lymphocytes in
the lungs of mice, which possibly explain the increased
response of smokers to immunotherapy.”” However,
Pirker states that smoking history should not be con-
sidered a predictive marker for immunotherapy. First, a
subgroup analysis of phase III clinical trials found that
associations between smoking history and the benefit of
ICI treatment were inconsistent. Second, more than 80%
of lung cancers are smoking-related in the Western pop-
ulation, which limits the use of smoking history as a bio-
marker.”® However, the usefulness of smoking history in
predicting the response of Chinese NSCLC patients to im-
munotherapy requires further verification. Even if smok-
ing is associated with better efficacy of immunotherapy
in NSCLC patients, relaxing global tobacco control is not
recommended because the benefits of no smoking would
be more valuable in reducing global lung cancer mortality
than any cancer treatment.

The clinical parameters included in the above three
prediction models were all routinely examined and
easily available in clinical practice. External validation
of the three scores also confirmed that higher scores
were significantly associated with shorter PFS and OS,
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and mLIPI had the highest predictive power for PFS
and ORR. The advantages of these three predictive
models were obvious, as all the clinical parameters in-
cluded are simple, non-invasive, and easily accessible.
For the EPSILoN score, it included the largest num-
ber of indicators and each of them had an impact on
the prognosis of immunotherapy, but the predictive
accuracy was not the highest, probably because the
score treated the predictive power of each indepen-
dent risk factor affecting prognosis as equal, which
may lead to overestimation or underestimation of in-
dividual predictors. Moreover, based on the previous
analysis, although heavy smoking was found to be a
protective factor for the prognosis of immunotherapy
in this study, its inclusion in the scoring model needs
to be cautious, considering its actual clinical signifi-
cance and the controversial predictive role of existing
clinical studies. The inclusion of liver metastases as an
adverse risk factor for immunotherapy prognosis was
also controversial, and there were large randomized
controlled clinical studies demonstrating that NSCLC
patients with liver metastases may also benefit from
immunotherapy. In conclusion, the mLIPI score had
the best predictive efficacy from the statistical analy-
sis, and from the clinical significance, the parameters
included were relatively comprehensive and less con-
troversial, and the calculation method was simple and
convenient, which could help doctors make prelimi-
nary judgments quickly in clinical application.

Our study also has several limitations. First of all,
this is a retrospective, single-center research with a rel-
atively small sample size. Therefore, a multi-center and
larger sample size is required for further verification.
Furthermore, a control group without immunotherapy
is needed to further verify the predictive value of these
three scoring methods on PFS and ORR. Finally, most pa-
tients received immunotherapy as second-line or beyond.
Although the number of lines of immunotherapy was not
related to the clinical outcomes, the previous treatment
may affect the baseline parameters.* >

5 | CONCLUSIONS

By externally validating LIPI, mLIPI, and EPSILoN scores,
we found that all three of these predictive models could
identify different prognostic subsets of patients treated
with ICISs to statistically significant degrees. We also found
that mLIPI had the highest accuracy of the three models
for Chinese aNSCLC patients in predicting PFS, ORR, and
the clinical significance of included indicators. This pre-
dictive tool might, therefore, be useful in guiding clinical
immunotherapy decision-making.
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