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Abstract. Background/Aim: Immune checkpoint inhibitors
(ICIs) have an important role in lung cancer therapy.
Although the programmed cell death protein-1 (PD-LI) tumor
proportion score (TPS) and tumor mutational burden are
known prognostic factors, they are insufficient to predict
clinical outcomes. This study was conducted to identify novel
biomarkers for ICI treatment. Patients and Methods: We
performed univariable and multivariable analyses of 110
patients with advanced non—small-cell lung cancer (NSCLC)
who were treated with an ICI to identify novel biomarkers
related to prognosis. We assessed their backgrounds, such as
performance status (PS), PD-L1 TPS, smoking status, and
peripheral white blood cell counts at baseline and on the day
the second course of ICI administration. Results: In the
multivariable analysis, PS, driver gene, immune-related
adverse events, and post-treatment absolute neutrophil counts
(post-ANCs) were significantly associated with progression-
free survival. Conclusion: A high level of post-ANCs was
associated with poor outcome in ICI-treated NSCLC patients.

Emergence of immune checkpoint inhibitors (ICIs), such as
nivolumab, pembrolizumab, and atezolizumab, has led to a
paradigm shift in the treatment of non—small-cell lung cancer
(NSCLC). Although the combination of ICIs and cytotoxic
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agents has been recently adapted for first-line chemotherapy
regardless of the programmed cell death protein-1 (PD-L1)
tumor proportion score (TPS) (1), ICI monotherapy remains
the standard therapy for NSCLC patients with PD-L1 high
expression (2). The PD-L1 TPS and tumor mutational burden
(TMB) are known major predictive markers for ICI (3-5).
Among patients with 250% PD-L1 expression, the response
rate to pembrolizumab monotherapy has been found to be
45.2%, whereas among patients with <1% PD-L1 expression,
the response rate of pembrolizumab monotherapy was 7.8%
(6). Although the PD-L1 TPS is an important biomarker for
ICI, high expression of PD-L1 is not always observed in
patients who are successfully treated with an ICI. In a certain
number of patients with the risk of immune-related adverse
events (irAEs), ICIs provide no clinical benefit. Thus, more
effective and easily measurable biomarkers for ICI are needed
for clinical use.

Some biomarkers assessed in the peripheral blood of ICI-
treated patients have previously been reported. High lactate
dehydrogenase (LDH) and high C-reactive protein (CRP) at
baseline have been reported to be associated with poor
outcome (7, 8). High neutrophil-lymphocyte ratio (NLR) (9,
10), high absolute lymphocyte counts (ALCs), high absolute
eosinophil counts (AECs), and high absolute neutrophil
counts (ANCs) prior to induction of ICI have been shown to
be associated with progression-free survival (PFS) and overall
survival (OS) in NSCLC patients (11). Clinical biomarkers,
poor performance status (PS) (9, 12), appearance of any
irAEs (13), and expression of driver gene mutation (14) have
also been reported to be associated with poor prognosis in
NSCLC patients.

The aim of this study was to identify biomarkers
associated with PFS of ICI-treated patients by retrospective
analysis of blood peripheral biomarkers at baseline and on
the day of the second course of ICI administration and to
analyze the patients’ backgrounds.
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Patients and Methods

Patients. This retrospective review was conducted by reviewing the
medical records of all patients with advanced or recurrent NSCLC
who received an ICI, including nivolumab, pembrolizumab, or
atezolizumab, at Yokohama City University Medical Center and
Yokohama City University Hospital between January 2016 and
December 2018. The inclusion criteria were >18 years old, and
patients who received at least one dose of nivolumab, pembrolizumab,
or atezolizumab. The exclusion criterion was any complication
involving obvious infection at baseline. If the patient received more
than two regimens of ICls, the first ICI used was selected for analysis.
If the patient could not continue the ICI treatment before receiving
blood tests on the day of administering the second course of an ICI,
then we only included the analysis of the patient’s background and did
not include the analysis of the white blood cell (WBC) count fraction
on the day of the second course of ICI administration.

All patients provided written informed consent for use of their
clinical and biological data for the purpose of this scientific
research. The study was performed according to protocols approved
by our institutional review board (B191200044).

Treatment regimens. Nivolumab was administered intravenously at
a dose of 3 mg/kg every 2 weeks, pembrolizumab was administered
intravenously at a dose of 200 mg/body every 3 weeks, and
atezolizumab was administered intravenously at a dose of 1200
mg/body every 3 weeks.

Statistical methods. The patients’ baseline characteristics and
adverse events were extracted from their medical records for review.
Furthermore, the fraction of WBCs (ANCs, ALCs, AECs, and
absolute monocyte counts), NLR, neutrophil to monocyte ratio,
lymphocyte to monocyte ratio, and the sum of neutrophil counts and
monocyte counts at baseline and the day the second course of ICI
was administered were obtained. We set the median values as the
cutoff values for blood cell counts. PFS was measured from
induction of the first course of ICI to progressive disease defined
according to the Response Evaluation Criteria in Solid Tumors
version 1.1 or death from any cause. In the univariable analysis,
Kaplan—-Meyer analysis was performed with the log-rank test to
identify any relationships between PFS and the above factors. A Cox
proportional hazards model was used in the multivariable analysis
with the factors significantly associated with PFS in the univariable
analysis. A p-value of <0.05 was considered to be indicative of
statistical significance. All statistical analyses were performed by
using JMP® Pro 12 software (SAS Institute Inc., Cary, NC, USA).

Results

Baseline characteristics. A total of 413 lung cancer patients
were assessed for eligibility (Figure 1). Fifty-four patients
with small-cell lung cancer and 247 patients who were not
treated with an ICI regimen were excluded. Additionally, 2
patients each were excluded because of the complication of
an obvious infection at the initiation of ICI and for death on
day 1 due to the complication. One hundred and 10 patients
were included in the analysis of the baseline characteristics
of the patients. Furthermore, 2 patients were excluded
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because they did not have a blood test on the day the second
course of ICI was administered with irAEs. One hundred and
8 patients were analyzed for the fraction of WBCs on the day
the second course of ICI was administered. Because one
patient received two regimens of ICIs (nivolumab at the
second course and atezolizumab at the fifth course), the first
use of ICI was selected for analysis.

Baseline epidemiological characteristics are summarized
in Table I. The median age was 70 years (range=34-82
years). Eighty-five patients were male. There were 42
patients with a PS of 0, 56 with a PS of 1,9 with a PS of 2,
and 3 with a PS of 3. Forty-seven patients received
pembrolizumab, 57 received nivolumab, and 6 received
atezolizumab. Thirty-six patients had a PD-L1 TPS =50%,
18 had a TPS of 1% to 49%, 16 had a TPS <1%, and 40 had
an unknown TPS. The histological subtypes were
adenocarcinoma in 71 patients, squamous cell carcinoma in
26, adenosquamous carcinoma in 2, NSCLC in 3,
undifferentiated carcinoma in 2, and pleomorphic in 1.
Eleven patients had driver gene mutation-positive lung
cancer [10 were epidermal growth factor receptor (EGFR)
gene positive, and one was echinoderm microtubule-
associated protein-like 4 anaplastic lymphoma kinase fusion
gene positive], whereas 99 patients had driver gene
mutation-negative lung cancer.

Univariable analysis of parameters associated with PFS. To
identify biomarkers of PFS, we examined the baseline
patients’ characteristics and peripheral blood markers.
Kaplan—Meier analysis revealed statistically significant
relationships between the following biomarkers and better
PFS: PS 0-1 (vs. 2-3, p<0.0001), PD-L1 TPS =50% (vs. 0%-
49% or unknown), driver gene negative (vs. positive,
p=0.0303), pack-year of smoking >20 (vs. <20, p=0.0403),
no liver metastasis (vs. any, p=0.0453), any irAEs (vs. none,
p<0.0001), low LDH (vs. high LDH, p=0.0425), low CRP
(vs. high CRP, p=0.045), low post-treatment ANCs (post-
ANCs) (vs. high post-ANCs, p=0.0093), and low post-
treatment NLR (post-NLR) (vs. high post-NLR, p=0.0121).
Pre-treatment of the NLR (pre-NLR) was not significantly
associated with PFS in this study (Table II, Figure 2).

Multivariable analysis of parameters associated with PFS.
Multivariable Cox proportional hazards analysis was
performed. PS, PD-L1 TPS, driver gene, and any irAEs,
which were significantly associated with PFS in the
univariable analysis, were used as parameters in the
multivariable analysis. Furthermore, PS, PD-L1 TPS, driver
gene, and irAEs have previously been reported to be
associated with PES and OS in ICI-treated patients (2, 9, 15,
16). Post-ANC was chosen as a parameter for use in the
multivariable analysis because tumor-associated neutrophils
(TANs) have been reported to affect the tumor-immune
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413 lung cancer patients
assessed for eligibility

301 patients excluded:
54 small cell lung cancer
247 not used ICI regimen

112 patients enrolled

110 patients enrolled

Analysis of the baseline
background of the patients

2 patients excluded:
1 complication of obvious infection
at the initiation of ICI
1 death on day 1 due to the complication
2 not administrated the 2" course of
ICI due to irAE

2 patients excluded:
2 not administrated the 2" course of ICI
due to irAE

108 patients enrolled

Analysis of the fraction of
WBC on the day of the 2
course of ICI

Figure 1. A total of 413 lung cancer patients were assessed for eligibility.
Fifty-four patients with small-cell lung cancer and 247 patients not
treated with an immune checkpoint inhibitor (ICI) regimen were
excluded. One patient was excluded because of the complication of an
obvious infection at ICI initiation. One patient died on day 1 because of
the complication. One hundred and 10 patients were included to assess
the patients’ background. Furthermore, 2 patients were excluded because
they did not have blood tests on the day the second course of ICIs was
administered because of immune related adverse events (irAEs). One
hundred and 8 patients were analyzed for the fraction of WBCs on the
day the second course of ICIs was administered. Because one patient
received two regimens of ICIs, we only selected the first use of ICIs for
the analysis. WBC: White blood cells.

environment in previous studies (17, 18), and a sustained
high level of ANCs during ICI administration was thought
to more likely reflect the role of TANs. In this multivariable
analysis, PS, driver gene, irAEs, and post-ANCs were
significantly associated with PFS (PS: HR=0.41,
95%CI1=0.19-0.88, p=0.022; driver gene positive: HR=0.29,
95%C1=0.12-0.67, p=0.004; occurring any irAEs: HR=0.43,
95%CI1=0.24-0.76, p=0.019; post-ANCs =<4,800: HR=0.54,
95%C1=0.32-0.90, p=0.004) (Table III).

Discussion

Expression of PD-L1 in NSCLC is the most useful
biomarker for the treatment with ICIs in the clinical sites.
However, some NSCLC patients with a high level of PD-L1
TPS showed no response to treatment with ICIs, which was
due several issues in the method of measuring PD-L1 TPS.
It is known that PD-L1 expression varies among different
parts of biopsy specimens from the same tumor tissue (19).
Furthermore, a previous study has shown that PD-LI1
expression was changed before and after treatment with

Table 1. Baseline epidemiological characteristics.

Total (N=110)

Parameter N %
Age (years) <70 48 43.6
>70 62 56.4
Gender Male 85 77.3
Female 25 22.7
BMI (kg/m?2) >22 74 67.3
<22 36 32.7
PS 0 42 38.2
1 56 50.9
2 9 8.2
3 3 2.7
Medicine Nivolumab 57 51.8
Pembrolizumab 47 42.7
Atezolizumab 6 55
Pathology Ad 71 64.5
Sq 26 23.6
Ad+Sq 2 1.8
Other 11 10.0
PD-L1 =50 36 32.7
TPS (%) 1-49 18 164
<1 16 14.5
NA 40 36.4
Metastasis Brain 27 24.5
Liver 13 11.8
Line 1 27 24.5
2 40 36.4
3 22 20.0
>4 21 19.1
Smoking =20 74 67.3
(pack-year) >0, <20 16 14.5
0 20 18.2
SUV max >9.9 40 364
<99 38 345
NA 32 29.1
Driver gene mutation Positive 11 10.0
Negative 99 90.0

BMI, Body mass index; PS, performance status; Ad, adenocarcinoma; Sq,
squamous cell carcinoma; PD-L1, Programmed death-ligand 1; TPS,
tumor proportion score; SUV max, maximum standardized uptake value.

cisplatin in patients with head and neck carcinoma (20).
Regarding TMB, PFS was significantly longer with first-line
nivolumab plus ipilimumab than with chemotherapy among
the NSCLC patients with high TMB (5). However, the TMB
cannot be checked at clinical sites during first-line
chemotherapy. Therefore, there is a need for biomarkers
indicative of ICI efficacy.

The benefits of estimating prognosis with peripheral blood
markers are the reduced burden on the patients and ease of
repeated measurements. Performing re-biopsy is sometimes
difficult, whereas peripheral blood biomarkers can be estimated
repeatedly during the treatment of lung cancer. Regarding PD-
L1, it has been reported that the expression of PD-L1 in
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Table II. Baseline patients’ characteristics and peripheral blood markers to identify candidates for biomarkers of PFS.

Parameter Category Median PFS 95%C1 p-Value (Log-rank)
Gender Male 183 68-410

Female 93 51-NE 0.5518
Type of ICI Pembrolizumab 285 78-NE

Nivolumab 93 62-247

Atezolizumab 54.7 13-NE 0.1683
Line number 1 95 63-192

=2 323 78-NE 0.0822
Age (years) >70 247 97-NE

<70 78 59-192 0.1686
PS 0-1 168 83-410

2-3 40.5 25-51 <0.0001
PD-L1 TPS (%) =50 410 119-NE

0-49 or NA 83 62-168 0.0303
Driver gene Positive 33 25-50

Negative 168 83-323 0.0002
SUV max >9.85 183 63-NE

<9.85 168 78-NE 0.5223
Smoking (pack-year) >20 247 95-716

<20 75 51-102 0.0403
BMI (kg/m?) >22 192 63-590

<22 95 65-267 0.3549
Brain metastasis Any 78 51-192

None 128 75-590 0.4034
Liver metastasis Any 46 32-285

None 138 78-410 0.0453
Operation Any 126 65-590

None 138 63-410 0.7614
Adverse event Any NE 168-NE

None 65 50-102 <0.0001
LDH >211 76 49-247

<211 168 93-716 0.0425
CRP >0.68 68 47-267

<0.68 192 83-716 0.045
Pre-ANCs >4374 119 62-323

<4374 128 63-590 0.7043
Post-ANCs >4800 78 51-126

<4800 410 82-716 0.0093
Pre-ALCs >1340 138 75-590

<1340 95 56-247 0.2849
Post-ALCs >1300 192 63-590

<1300 95 63-247 0.3866
Pre-AMCs >566.6 119 62-323

<566.6 128 68-590 0.6354
Post-AMCs >590 83 51-247

<590 168 78-716 0.0788
Pre-AECs >35.8 126 65-NE

<358 128 63-NE 0.902
Post-AECs >151.8 97 59-NE

<I51.8 247 63-NE 0.718
Pre-NLRs >3.45 97 56-285

<345 128 63-NE 0.2819
Post-NLRs >3.61 78 49-128

<361 285 119-NE 0.0121
Pre-NMRs >7.56 102 65-285

<7.56 126 63-NE 0.4956
Post-NMRs >8.20 97 59-247

<8.20 183 65-410 0.4763
L + M pre >2035 126 63-590

<2035 128 68-267 0.828
L + M post >1979 168 63-590

BMI: Body mass index; PS: performance status; Ad: adenocarcinoma; Sq: squamous cell carcinoma; PD-L1: Programmed death-ligand 1; TPS:
tumor proportion score; SUV max: maximum standardized uptake value; ANC: absolute neutrophil counts; ALC: absolute lymphocyte counts; AMC:
absolute monocyte counts; AEC: absolute NLR: neutrophil-to-lymphocyte ratio; neutrophil to monocyte ratio; L: lymphocyte; M: monocyte; NMR:
neutrophil-to-monocyte ratio.
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Figure 2. Kaplan—Meier analysis of PS, PD-L1, adverse event, driver gene, baseline LDH and CRP, pre- and post-ANCs, pre- and post-ALCs, and
pre- and post-NLRs. PS: Performance status; PD-LI: programmed death-ligand 1; TPS: tumor proportion score; LDH: lactate dehydrogenase;
CRP: C reactive protein; ANC: absolute neutrophil counts; ALC: absolute neutrophil counts; NLR: neutrophil-to-lymphocyte ratio.
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Table III. Multivariable Cox proportional hazards analysis results.

Parameter Category HR 95%CI1 p-Value (Log-rank)
PS 0-1 (vs. 2-3) 041 0.19-0.88 0.031
PD-L1 TPS =50% (vs. <49% or NA) 0.61 0.33-1.09 0.084
Driver gene Negative (vs. Positive) 0.29 0.12-0.67 0.008
Adverse event Any (vs. Never) 043 0.24-0.76 0.003
Post-ANCs >4800 (vs. <4800) 0.54 0.32-0.90 0018

PS: Performance status; PD-L1: programmed death-ligand 1; TPS: tumor proportion score; ANC: absolute neutrophil counts.

circulating tumor cells (CTCs) did not correlate with that in
tumor tissues, and the expression of PD-L1 in CTCs only
inversely correlated with PFS for 6 months (21). In another
study, a high level of soluble PD-L1 was associated with poor
PFS and OS in patients with NSCLC being treated with
nivolumab (22). However, soluble PD-L1 cannot be estimated
at clinical sites. Similarly, some serum markers including
interferon-y (IFN-vy), tumor necrosis factor-alpha (TNF-a), and
indoleamine 2,3-dioxygenase (IDO), which were reported to
be useful as biomarkers for the treatment with ICI, cannot be
measured in the clinical setting (23-25). On the other hand, the
fraction of WBCs is measurable at clinical sites. In a previous
study, baseline levels of NLR, ANCs, ALCs, and AECs have
been reported to be associated with PFES and OS in patients
treated with ICIs (11, 26). Furthermore, NLR after ICI
treatment has been shown to be associated with PFS and OS
(27). The results of these studies suggest that peripheral blood
cells were related in some way to the effect of ICI treatment.
In the present study’s analysis, PS, driver gene, any irAEs,
and post-ANCs were significantly associated with PFS. In a
meta-analysis of five Phase III trials comparing ICIs
(nivolumab, pembrolizumab, atezolizumab), and docetaxel for
advanced NSCLC, the EGFR wild-type group showed
significantly better OS, but there was no significant difference
in OS of the EGFR-positive group between ICIs and docetaxel
(28), which was similar to the results of our current study. The
cause is not clear yet, but EGFR-positive patients may have
fewer effective tumor antigens for ICIs because there are only
a few mutations except for the EGFR mutation. Although the
mechanism is not clear, previous reports have suggested that
irAEs are associated with the efficacy of ICIs in melanoma
(13, 29, 30) and NSCLC (16). These results are consistent
with those of our report. An association between a low-level
of post-ANCs with good PFS in multivariable analysis in
NSCLC patients has not been previously reported. In other
words, elevation of neutrophil counts after ICI was associated
with poor prognosis or a decrease in neutrophil counts was
associated with good prognosis. It has been suggested that the
effect of IFN-y after treatment with ICI involves the
expression of PD-L1 and repression of the proliferation of
lymphocytes (31). Post-ANCs cannot be estimated at initiation
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of ICIs. However, if the efficacy of ICI treatment is estimated
just before induction of the second course of an ICI, we can
change the regimen without delay and identify pseudo-
progression at an early stage.

Neutrophils are traditionally considered to have a role in
defense against infections, such as bacteria. Recently,
neutrophils have been gradually found to have pro-tumoral
functions in cancer immunity. TANs are related to tumor
progression, angiogenesis, and metastasis by secreting
vascular endothelial growth factor, matrix metalloproteinase
9, and Bv8 (32-34). TANs secrete transforming growth
factor B, which causes epithelial-mesenchymal transition
and induces differentiation of regulatory T cells (33). TANs
also produce arginine 1, which decreases the function of T
cells (35). Our study results suggest that neutrophil counts
of peripheral blood after induction with ICIs are related to
prognosis, but the relationship between neutrophil counts of
peripheral blood and TANs is unclear.

There are several limitations in this study that need to be
considered. We did not investigate OS because of the lack of
medical recording. Compared with the responses to
commonly used anticancer drugs, the responses to ICI
treatment might show variable patterns, such as pseudo-
progression. However, the association between PFS/OS and
ICIs in patients with advanced solid tumors has been
reported in a previous meta-analysis (36), so investigation of
the relationships among PFS and prognostic factors was
justified. The lack of a control group of patients who had not
received ICIs is another study limitation.

Conclusion

Poor PS, presence of driver gene, any irAEs, and a high level
of post-ANCs were associated with poor outcome in patients
with NSCLC who received ICIs. A prospective study of
factors predictive of ICI efficacy is needed.
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