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Abstract: Immune checkpoint inhibitors (ICIs) have revolutionized the treatment landscape of non-
small cell lung cancer (NSCLC), either used in monotherapy or in combination with chemotherapy.
While some patients achieve durable responses, some will not get benefit from this treatment. Early
identification of non- responder patients could avoid unnecessary treatment, potentially serious
immune-related adverse events and reduce treatment costs. PD-L1 expression using immunohis-
tochemistry is the only approved biomarker for the selection of patients that can benefit from
immunotherapy. However, application of PD-L1 as a biomarker of treatment efficacy shows many
deficiencies probably due to the complexity of the tumor microenvironment and the technical limita-
tions of the samples. Thus, there is an urgent need to find other biomarkers, ideally blood biomarkers
to help us to identify different subgroups of patients in a minimal invasive way. In this review, we
summarize the emerging blood-based markers that could help to predict the response to ICIs in
NSCLC.
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1. Introduction

Lung cancer is the second most common cancer and the leading cause of cancer-related
death worldwide [1]. Until recently, platin-based chemotherapy has been the standard
treatment for advanced patients with non-small cell lung cancer (NSCLC) without driver
mutations [2-4]. However, immunotherapy, a wealth of new approaches involving the
stimulation of the immune system, has revolutionized the treatment of lung cancer [5].

So far, immune checkpoint inhibition with monoclonal antibodies targeting pro-
grammed cell death protein 1 (PD-1) or its ligand (PD-L1), such as nivolumab [6,7], pem-
brolizumab [8-11], cemiplimab [12], and atezolizumab [13] have demonstrated improve-
ment in overall survival (OS) and progression-free survival (PFS), both as monotherapy
regimen and in combination with platin-based chemotherapy in patients with advanced
disease. Furthermore, durvalumab was approved in patients with unresectable stage III
NSCLC after concomitant chemoradiotherapy [14,15].

On the other hand, the IMpower010 trial showed a disease-free survival benefit with
atezolizumab versus best supportive care after adjuvant chemotherapy in patients with
completely resected stage II-IIIA NSCLC (HR 0-81 (0-67-0-99; p = 0-040)) which offers a
promising new treatment option for patients with resected early stage NSCLC [16].

In the neoadjuvant setting, the Checkmate 816 phase III trial also showed that the
combination of nivolumab plus chemotherapy improved the pathologic response rate, in
comparison to chemotherapy alone (median residual viable tumor cells in the primary
tumor bed were 10% vs. 74% respectively) [17].

Currently, the expression level of PD-L1 measured by immunohistochemistry (IHC)
in NSCLC tumor samples is the sole biomarker approved by regulatory agencies to guide

J. Clin. Med. 2022, 11, 3245. https://doi.org/10.3390/jcm11113245

https:/ /www.mdpi.com/journal /jem


https://doi.org/10.3390/jcm11113245
https://doi.org/10.3390/jcm11113245
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/jcm
https://www.mdpi.com
https://orcid.org/0000-0002-9351-3184
https://orcid.org/0000-0001-5105-6037
https://doi.org/10.3390/jcm11113245
https://www.mdpi.com/journal/jcm
https://www.mdpi.com/article/10.3390/jcm11113245?type=check_update&version=2

J. Clin. Med. 2022, 11, 3245

20f16

the decision treatment [18]. However, even though immune checkpoint inhibitors (ICIs)
have documented long-lasting responses in some cases, their benefit in NSCLC is limited
to a subset of patients. Although these treatments are generally well tolerated, a number of
severe immune-related adverse events have been documented, highlighting the relevance
of identifying properly the patients who can benefit from ICIs [19-22]. Furthermore, several
studies have pointed out the lack of strength of this biomarker when predicting the efficacy
of ICIs. On the one hand, it is not uncommon to identify subsets of PD-L1 negative patients
with long-lasting responses after receiving ICls as single therapy. On the other hand, some
patients with very high expressions of PD-L1 do not respond to ICIs, suggesting that
there are more factors involved in the process, including tumor heterogenicity [23] or site
of biopsy [24]. It has been documented that the expression of PD-L1 can be lower in the
primary tumor than in samples from metastatic disease. In addition, dynamic changes in the
expression of PD-L1 over time and related to the different antitumoral treatments have been
also suggested. Therefore, in the last few years, different biomarkers are being analyzed.
Tumor mutational burden (TMB), neoantigen load, tumor-infiltrating lymphocytes, and
immune-regulatory mRNA expression signatures are some of the different areas being
explored nowadays. However, obtaining an adequate tumor sample in advanced lung
cancer patients can be an important limitation, and make serum markers a very attractive
research area.

Due to the limitations exposed, a remarkable effort is being applied in order to identify
the potential role of blood biomarkers used in routine clinical practice as predictors of
response to immunotherapy, which may imply an amelioration in cost effectiveness and
also, given the facility of extraction, allow a dynamic verification or the treatment’s response
(Figure 1).

In this review, we describe the potential predictive and/or prognostic role of blood
biomarkers in the setting of advanced NSCLC patients treated with ICIs (Tables 1 and 2).

Table 1. Potential blood biomarkers of response to ICIs in NSCLC patients. TMB: tumor mutational
burden. CTC: circulating tumor cells. MDSC: myeloid-derived suppressive cells. IDO: indoleamine
2,3-dioxygenase. LDH: lactate dehydrogenase. HPLC: high-performance liquid chromatography.
NGS: next-generation sequencing. ELISA: enzyme-linked immunosorbent assay.

Biomarkers Method of Detection
Soluble PD-L1 ELISA chemiluminescence
TUMOR-RELATED Blood TMB NGS
CTC Enrichment (CellSearch®)
detection (IF staining)
. . Neutrophils Flow cytometry
Clrculatmigl mmune MDSC Ultracentrifugation
cells Exosomes ExoQuick™
LDH Spectrophotometry
Soluble immune/inflammatory CRP Immunoturbidimetry
PATIENT-RELATED markers DO HPLC
CYTOKINES ELISA chemiluminescence
Nutritional status Albumin Immunoturbidimetry

biomarkers
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Figure 1. Potential blood biomarkers of clinical benefit in NSCLC patients treated
with immunotherapy.

Table 2. Limitations of blood biomarkers clinical application. Level of evidence VI:Evidence from a
single descriptive or qualities study.

Biomarkers Limitations Level of Evidence
SOLUBLE PD-L1 Data of predictive rol.e of sPD-L1 are scarce VI
Large-scale trials are needed
BLOOD TMB Depgndent of overall tumor burden VI
Optimal cut-off remains unsolved
CTC Low baseline CTC found in aliquots of 7.5 mL of blood VI
New techniques of detection are needed
NEUTROPHILS/MDSC Prospective studies are needed VI
Standard technologies must be established for the
isolation/analysis of exosomes
EXOSOMES Mechanisms of exosomal miRNA delivery system VI

remain incompletely understood
Large-scale trials are needed
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Table 2. Cont.

Biomarkers Limitations Level of Evidence
LDH Optimal cut-off yalue remain unsolved VI
Large prospective studies are needed
CRP Establish c?ptlmal (;RP ratio VI
Large prospective studies are needed
Big prospective studies are needed to confirm its role
IDO L ) VI
as predictive biomarker.
CYTOKINES Large-scale studies are needed VI
ALBUMIN Best cut-off value remain unsolved VI

Large prospective studies are needed

2. Peripheral Blood Cell Count: Lymphocytes, Neutrophils, Eosinophils, Monocytes,
and Platelets Count

Systemic inflammation has been linked with cancer development, cancer cachexia, and
overall poor outcomes. The presence of proinflammatory cytokines such as interleukin 6
(IL-6), and tumor necrosis factor o« (TNF-) in the tumor microenvironment induces
myelopoiesis, erythropoiesis and causes peripheral changes in the white blood cell count
such as neutrophilia; these neutrophilia can suppress the cytolytic activity of lymphocytes,
activated T cells, and natural killer cells [25].

Routine blood parameters have been also investigated as potential inflammatory
biomarkers in patients with several cancer types, including NSCLC. For instance, it has
also been described that high neutrophil but low lymphocyte infiltration in the tumor
microenvironment could promote angiogenesis and inhibit cell apoptosis, which ultimately
would favor tumoral growth and therefore would be a poor prognosis data [26]. Based on
that, the neutrophil to lymphocyte ratio (NLR) has been studied as a potential biomarker.

A retrospective study of 157 patients treated with pembrolizumab and nivolumab
showed that baseline neutrophilia, defined as an absolute neutrophil count (ANC) of
7.5 x 109/L or higher, was associated with a worse prognosis. The overall survival (OS)
at 12 months was 34.9% (95% CI, 19.0-59.0) for patients with neutrophilia compared to
42.9% (95% CI, 33-55.6) for patients with lower baseline ANC (p = 0.01). After adjusting
for age, sex, ECOG performance status, and the number of lines of chemotherapy, a
high baseline absolute monocyte count (AMC) was also significantly associated with an
increased risk of death (HR, 1.71; 95% CI, 1.06-2.75; p = 0.028) and progression (HR, 1.50;
95% CI, 1.06-2.12; p < 0.03). However, the baseline absolute eosinophil count (AEC) and
platelet counts were not associated with tumor response and/or treatment outcomes.
Finally, patients with a baseline NLR of 5.9 or higher showed inferior 1 year OS (31.9%
(95% CI, 19.3-52.7) in comparison to those patients with lower baseline NLR (47.3% (95% CI,
34.6-61.6) (p = 0.004)). Similar differences were found when analyzing progression-free
survival (PFS), which showed 6 month PES of 14.4% in patients with higher baseline NLR
compared to 31.1% in patients with lower baseline NLR [27]. However, different data have
been reported in another retrospective study of 55 metastatic cancer patients (being the
most represented tumor type NSCLC (33%)). Although baseline NLR levels did not have a
significant impact on PFS, the increased NLR after two cycles of anti-PD-1/PD-L1 therapy
had a negative effect on PFS in the univariate analysis (HR 1.14, 95% CI 1.06-1.23, p = 0.004).
These results suggest that not only baseline levels but dynamic changes in NLR could be
relevant in predicting outcomes [28].

A question that still remains to be solved is the optimal cut-off for NLR. A meta-
analysis of 3656 advanced NSCLC patients reported NLR > 5 as a significant factor associ-
ated with worse PFS and OS [29] but more studies are needed to confirm this data.

Derived neutrophils/(leukocytes minus neutrophils) ratio (ANLR) may be more rel-
evant than NLR because it includes monocytes and other granulocytes subpopulations.
High dNLR has been associated with worse survival in pancreas cancer, renal carcinoma,
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and melanoma [30]. Mezquita et al. published the first study to explore this parameter
in NSCLC. In this retrospective study with 305 NSCLC patients treated with ICIs, a lung
immune prognostic index (LIPI) was developed. The index is based on dNLR greater than
3 and LDH greater than the upper limit of normal (ULN), characterizing three groups
(good, 0 factors; intermediate, 1 factor; poor, 2 factors). 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% ClI, 5.0-8.0) months (both
p <0.001). Disease control rate was also correlated with dNLR greater than 3 and LDH
greater than ULN [31].

All these studies have some limitations such as their retrospective nature and there are
potential confounders, not taken into consideration for the analysis, such as the concurrent
use of medications that could alter the levels of the blood biomarkers.

Further prospective studies are needed in order to validate the use of peripheral
blood biomarkers and be considered suitable to select patients that may benefit from
immunotherapy in the clinical practice.

3. C-Reactive Protein (CRP)

It is known that systemic inflammation has a negative impact on cancer prognosis and
recent investigations have hypothesized that blood-based markers of systemic inflammation
would predict adverse outcomes in patients treated with immunotherapy.

CRP is an acute-phase protein that reflects tissue damage and is influenced by different
factors such as interleukin 1 (IL-1) and the tumor necrosis factor (TNF) [32-34].

The first retrospective study evaluated the role of CRP in a series of 56 patients with
different tumors (28.6% NSCLC) treated with anti PD-1 and anti PD-L1 treatment, and
established the optimal cut-off value in 10 mg/mL. In this cohort, median PFS and OS
were 4.0 and 17.0 months in patients with normal CRP levels in comparison to 2.0 and
10.0 months respectively in patients with high CRP levels [35].

The B-F1RST study, which included 152 patients treated with atezolizumab in the
first-line setting, observed that a decrease in serum CRP levels over 6 weeks was associated
with longer PFS and OS. They analyzed the CRP ratio between C3D1 and screening,
showing worse outcomes in those patients with CRO ratio < 0.5 in comparison to those
with ratio >0.5. The medium (m) PFS was 14.1 versus 4.6 months (HR 0.43 [90% CI: 0.24,
0.77]) and the median OS was NE versus 15.9 months (HR, 0.30 [90% CI: 0.13, 0.72]) [36].

4. Lactate Dehydrogenase (LDH)

LDH is a classic inflammatory marker that is released in blood by rapidly growing
tumors, so high LDH blood levels are usually related to the tumor burden. In addition,
increased LDH activity provokes lactic acid production and acidification of the tumoral
microenvironment, which can be associated with the activation of macrophage-mediated
angiogenesis and the development of metastases [37-39].

Increased LDH production can be a direct marker of intratumoral hypoxia, which has
been linked to an increased risk of resistance to radiotherapy and chemotherapy treatments.
Moreover, low pH-induced by LDH activity protects mitochondria from oxidative stress
and is also associated with resistance to hypoxia-induced apoptosis. The activation of
macrophage-mediated angiogenesis is also related to a high tumoral burden and accelerated
tumor growth [40,41].

Elevated pretreatment level of LDH has been associated with poor outcome in several
cancer types and it has been considered an adverse prognostic factor, related to the extension
of the tumor. Dong Soo L. et al. evaluated the correlation between LDH and tumor
characteristics in 394 patients with advanced NSCLC. The baseline serum LDH levels
showed no significant associations with age, gender, histology, tumor differentiation, or
smoking history but they have found a correlation with the disease extension at diagnosis.
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The extension was determined by 18(F)-fludeoxyglucose positron emission tomography
scans and classified from 1 to 7 based on the sum of metastatic region [42].

Zhang et al., in a meta-analysis from six studies with 1136 patients with advanced
lung cancer treated with ICIs have demonstrated that an elevated pretreatment LDH level
is correlated with significant shorter PFS (HR = 1.53, 95% CI 1.27-1.83, p < 0.001) and OS
(HR =2.11, 95% CI1.43-3.11, p < 0.001) [43].

Nevertheless, many issues still remain unsolved included LDH cut-off value, the opti-
mal frequency of LDH measurement, or the potential value of changes related to treatment.

5. Nutritional Status Biomarkers

Recent scientific evidence suggest that nutrition, systemic inflammation, and tu-
moral immune microenvironment (TME) play a prognostic role in disease evolution.
Alifano et al. [44] retrospectively evaluated the impact of nutritional status (based on pre-
albumin levels), systemic inflammation (measured by CRP), and TME (based on CD8 T
lymphocyte and mature dendritic cells (mDC)) in 303 stage IV NSCLC patients. They
concluded that a systemic inflammatory/poor nutritional status can affect the density of
CD8 + T cells and mDC of the immune microenvironment. Based on these parameters they
identified subgroups of patients with different long-term outcomes. Indeed, patients with
undetectable CRP, high prealbumin level (0.285 mg/L), and high CD8 level (0.96/mm?)
had a 5-year survival rate of 80% [60.9-91.1] as compared to 18% [7.9-35.6] in patients with
an opposite pattern of values.

Several studies suggest that nutritional status can be a determinant of survival in lung
cancer patients [45,46]. In particular, low pre-albumin levels have been associated with
early recurrence and poor prognosis in resected NSCLC patients [47,48].

The prognostic nutritional index (PNI), which is based on serum albumin concentra-
tions and total lymphocyte counts in the peripheral blood is an immune-nutritional marker
whose predictive value is being studied. Shoji et al. analyzed the relation between pre-
treatment PNI value and treatment response in a retrospective study enrolling 102 NSCLC
patients treated with ICIs. The best cut-off value considered was 45.5. In this analysis, the
overall response rate (ORR) was significantly better in the high-PNI group compared with
the low-PNI group (26% vs. 7.69%, p = 0.0131), as well as the disease control rate (DCR)
(68% vs. 32%, p = 0.0002) [49].

Matsubara et al. also investigated the impact of immune-inflammation-nutritional
parameters on the prognosis of 24 NSCLC patients treated with atezolizumab. They
retrospectively analyzed the prognostic effect of neutrophil/lymphocyte ratio (NLR),
platelet/lymphocyte ratio (PLR), and modified Glasgow prognostic score (mGPS). mGPS
is based on C-reactive protein (CRP) and albumin levels, which represent not only in-
flammatory status but also nutritional status. Patients with elevated CRP (>10 mg/L)
and hypoalbuminemia (<35 g/L) are given an mGPS score of 2. Patients with serum
CRP < 10 mg/L with or without hypoalbuminemia receive a score of 0. Patients with only
elevated CRP levels receive an mGPS score of 1. They analyzed the correlation between
the score value and time to treatment failure (TTF) and OS in patients treated with ate-
zolizumab. The results showed that the low PNI group had significantly shorter TTF and
OS than the high PNI group [TTF HR = 5.41, p = 0.0044; OS HR = 7.28, p = 0.0283)], while
the high NLR group had shorter TTF and OS than the low NLR group [TTF: HR = 2.45,
p = 0.0616; OS: HR = 3.45, p = 0.0237]. Furthermore, patients with high mGPS experienced
significantly shorter TTF and OS than those with low mGPS [TTF: HR = 4.07, p = 0.0043;
OS: HR = 22.9, p < 0.0001)]. Despite limitations within this study (retrospective analysis
and small population sample), results suggest that host immune-nutritional status can be
relevant when using immunotherapy [50].

Liver plays an important role in proteins formation and in the regulation of innate and
acquired immunity, so the dysfunction of this organ can lead to a less effective response
to immunotherapy. The ALBI (Albumin-Bilirubin) score is calculated using the serum
albumin and bilirubin levels and is divided into four grades. In a retrospective study
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with 140 NSCLC patients treated with ICIs, the subgroup with good hepatic reserve (ALBI
grade 1-2a) had a significantly superior progression-free survival (PFS) and overall survival
(OS) compared with the subgroup with poor hepatic reserve (ALBI grade 2b or 3) (PES,
5.3 vs. 2.5 months, p = 0.0019 and OS, 19.6 vs. 6.2 months, p = 0.0002) [51].

6. Soluble PD-1/PD-L1

The membrane-bound molecules programmed death 1 (PD-1) and its ligand PD-L1
(PD-1/PD-L1) belong to the immune checkpoint pathway. PD-1 pathway downregulates
effector T cells in immune response, causing immune suppression. Recent studies have
revealed that membrane-bound PD-1 and PD-L1 also have soluble forms, generated by
proteolytic cleavage of the membrane-bound form and they may be measured by ELISA
chemiluminescence test [52].

The expression of serum PD-L1 (sPD-L1) seems to be associated with a poor prognosis
in solid cancers and increasing evidence suggests that sPD-L1 could be a dynamic biomarker
in treatment response [53]. In a clinical trial in locally advanced or inoperable NSCLC
patients treated with radiotherapy, sPD-L1 levels were measured showing that patients
with lower baseline sPD-L1 levels had longer OS [54].

Costantini et al. investigated the prognostic role of sPD-L1 in NSCLC patients treated
with nivolumab. They measured baseline sPD-L1 and after 2 weeks of treatment, showing
higher PD-L1 level in non-responders patients compared to responders with a cutoff value
of 33.97 pg/mL (94 sensitivity %, 56% specificity). The ORR in patients with low sPD-L1
concentration was 90% in comparison with 30% in those patients who had high sPD-L1
levels (p = 0.002) [55].

In another study, the role of baseline and dynamic evolution of sPD-1 and sPD-L1
was also evaluated. A composite criteria (sCombo) was defined by sPD-L1 and/or sPD-1
positivity. Baseline score positivity was associated with shorter PFS [78 days, 95% CI:
55-109 versus 658 days, 95% CI: 222—not reached; p = 0.0002] and OS (HR 3.99, 95% CI:
1.63-9.80; p = 0.003). In the multivariate analysis, score positivity remained significantly
associated with shorter PFS (HR 2.66, 95% CI: 1.17-6.08; p = 0.02) [56].

Despite the evidence suggesting the potential biomarker role of sPD-1 and sPD-L1,
currently, data of the predictive value of a dynamic sPD-L1 expression are scarce. Therefore,
more patient involvement in clinical trials is needed to have stronger evidence in this area.

7. Blood Tumor Mutational Burden (b TMB)

The most studied biomarker after PD-L1 expression in tissue is tumor mutational bur-
den (TMB) defined as the number of mutations per DNA megabases that can be considered
a proxy for neoantigen burden. Although preliminary data of the predictive role of TMB in
advanced NSCLC patients led to the assessment of TMB clinical utility in phase III clinical
trials [57,58], current clinical evidence fails to show a survival benefit based on tissue TMB
values [59]. A possible explanation would be that lung cancer is a heterogeneous disease,
and one tissue sample does not represent the total number of mutations that a whole tumor
may contain.

Blood-based tumor mutational burden (bTMB) estimated by a next-generation gene
sequencing panel is another experimental serum-based maker of response to ICIs treatments
and could provide a more complete picture of the mutational landscape of both primary
tumor and metastases [60]. Gandara and colleagues published the first retrospective
study that analyzed the potential role of bTMB. Overall, 1000 plasma samples of patients
involved in two studies evaluating the efficacy of atezolizumab versus docetaxel in a
second-line setting (POPLAR and OAK trials) were analyzed. Those patients with a
bTMB >16 mutations/megabase showed superior PFS (HR 0.64, 95% IC (0.46-0.91)) and
OS (HRO.64 (0.44-0.93). In that analysis, there was no correlation between bTMB and PD-L1
expression [61].

The MYSTIC trial assessed the efficacy of a durvalumab plus tremelimumab combina-
tion or durvalumab monotherapy compared to chemotherapy in advanced NSCLC patients
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with PD-L1 positive tumors (PDL-1 > 25%). Although this study did not reach primary
endpoints of PFS and OS, in a retrospective analysis they showed that patients with high
bTMB (>16 mut/Mb or >20 mut/Mb) had better survival outcomes with the combination
of durvalumab plus tremelimumab in comparison to chemotherapy [62].

B-F1RST trial was the first prospective trial evaluating bTMB as a biomarker predicting
benefit of first-line atezolizumab in advanced NSCLC. Final analysis confirmed that patients
with high bTMB (>16 mut/Mb) had longer PFS (5.0 versus 3.5 months, HR 0.80, 90% CI:
0.54-1.18) and OS (23.9 versus 13.4 months, HR 0.66, 90% CI: 0.40-1.10) compared to
patients with low bTMB (<16 mut/Mb) [36].

However, the NEPTUNE trial, comparing durvalumab and tremelimumab versus
platinum-based chemotherapy in the first-line treatment, did not find benefit in OS with
the use of ICIs in patients with high bTMB (>20 mut/Mb) [63].

Based on these findings, the value of bTMB remains controversial. In addition, there
are issues that remain to be solved such as the optimal cut-off, the potential correlation
between tissue TMB and bTMB or quality control. Finally, it is important to remind that the
tumor must shed DNA into the blood and therefore, the likelihood of detecting ctDNA is
also dependent on the overall tumor burden.

8. IDO

Indoleamine 2,3-dioxygenase (IDO) has been proposed as a possible marker of ac-
tivation of immunological pathways induced by IFN gamma, representing an immune
escape mechanism of tumor cells, and a negative prognostic factor in advanced stage lung
cancer [64-66]. IDO is an enzyme that catalyzes the first step in the tryptophan—kynurenine
catabolism pathway, creating an immunosuppressant environment as it induces suppres-
sion of effector T cells and activates immunosuppressive cells (such as regulatory T cells) in
the tumor microenvironment (TME). The activity of IDO is expressed by the kynurenine
(kyn)/tryptophan (trp) ratio, which is measured by high-performance liquid chromatogra-
phy tandem mass spectrometry (HPLC) [67,68]. The coexpression of IDO1 and PD-L1 has
been associated with poor prognosis in advanced NSCLC patients [69].

The increment of trp catabolism derives in higher kyn serum concentration, being
related to more advanced stage at diagnosis, poorer prognosis, and resistance to antitumoral
treatments. Furthermore, preclinical studies have shown that increased IDO activity is
associated with resistance to treatment with ICIs [70]. Botticelli et al. analyzed the basal
levels of serum trp, kyn and quinolinic acid in 27 advanced NSCLC patients prior to
receiving second line therapy with nivolumab. The multivariant analysis showed that the
kyn/trp ratio was associated with early progression (p = 0.01). Moreover, kyn/trp were
associated with prolonged responses to nivolumab and PFS was significantly longer than
in those patients with higher values of kyn/trp (median of PFS not reached in lower values
arm versus 3 months in arm; HR: 0.2; 95% CI 0.06-0.62; p = 0.001). In addition, similar
results were observed when patients were stratified by quinolinic acid values (median PFS
not reached in patients with lower values versus median PFS 3 months in patients with
higher values; HR: 0.3; C1 0.1-0.9; p = 0.018) [71].

IDO emerged as an attractive target to be explored in combination with ICls in order
to enhance the efficacy of immunotherapy. The phase 1b ECHO-110 trial evaluated the
combination of epacadostat (IDO inhibitor) with atezolizumab in 29 advanced NSCLC
patients previously treated. Only one patient achieved partial response, which was main-
tained for 8.3 months, and 27.5% of patients achieved stable disease [72]. A phase III study,
the ECHO -301/KEYNOTE-252 trial evaluated epacadostat plus pembrolizumab 200 mg in
patients with metastatic melanoma. Unfortunately, the study did not achieve the primary
endpoint of improving PFS compared to pembrolizumab in monotherapy [73]. Several
explanations have been proposed including the high rate of negative PD-L1 patients (41%
in ECHO-110 study) who may have a lower benefit with immunotherapy as the only
treatment. On the other hand, the selected epacadostat dose to be used in combination with
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pembrolizumab was chosen from preclinical trials, therefore the potential role of higher
doses remains unclear.

Nowadays there are several trials exploring different IDO inhibitors in combination
with immunotherapy and/or chemotherapy (NCT03348904: Nivolumab plus epacado-
stat plus chemotherapy versus chemotherapy =+ nivolumab plus placebo; KEYNOTE-
715-06/echo306-06: Pembrolizumab plus epacadostat plus chemotherapy versus pem-
brolizumab plus chemotherapy), whose results are largely awaited.

9. Cytokines

Various studies have reported that cytokine profiles in the peripheral blood can reflect
the systemic immune conditions of patients, and several interleukins have been associated
with the clinical outcomes [74].

C-X-C motif chemokine ligand 8 (CXCLS, also known as IL-8) is an angiogenic polypep-
tide expressed in multiple tumors. IL-8 regulates the chemotaxis of human neutrophils and
affects the promotion of angiogenesis, tumor cells dedifferentiation, and tissue invasion
and development of metastases [75-78].

The increased level of serum IL-8 has been considered a poor prognosis factor in
NSCLC patients treated with ICIs. Schalper et al. published an analysis of baseline serum
IL-8 levels in samples from 1344 patients treated with nivolumab monotherapy or the
combination of nivolumab plus ipilimumab in several phase III clinical trials: CheckMate
067 in melanoma patients; CheckMate 017 and CheckMate 057 in advanced NSCLC patients
and CheckMate 025 in renal cells cancer patients. High baseline serum IL-8 levels (defined
by being above 23 pg/mL) were identified in 27.1-34.3% of patients and were associated
with shorter overall survival across treatments and tumor types. No correlation was found
between baseline serum IL-8 levels and PD-L1 expression. Accordingly, IL-8 has been
proposed as a new therapeutic target. New molecules involving IL-8 or IL-8 receptors (for
example, selective inhibitors of the IL-8 receptor CXCR?2) are actually under development,
being the combination with ICIs the most promising approach [79].

Serum IL-6 levels have been also studied and can be associated with tumor stage, size,
metastasis, and survival in different cancer types. In advanced NSCLC patients treated
with chemotherapy, elevated serum IL-6 levels have been reported as a prognostic factor
for OS [80-82]. Kang et al. demonstrated that serum interleukin-6 level at baseline could
also be a predictor marker of the efficacy of ICIs in NSCLC. Patients with low interleukin-6
level (< 13.1 pg/mL) at baseline presented significantly superior PFS (6.3 vs. 1.9 months;
p <0.001) and OS (not reached vs. 7.4 months; p < 0.001) than those with high interleukin-6
level [83].

Given the limited number of studies with small samples sizes, more research is needed
to clarify the precise role of interleukins in response to immunotherapy in NSCLC.

10. Circulating Tumor Cell (CTC)

CTCs are tumor cells derived directly from the tumor into the bloodstream that can
settle at a distant site [84-88]. Their presence have been reported as an independent adverse
prognostic marker in several cancer types, including NSCLC [89].

The use of CTCs for serial evaluation of tumor evolution during the ICIs-treatment
has been evaluated in different studies. Taminga et al. investigated the role of CTCs in
104 advanced NSCLC patients treated with ICIs. CTCs were measured in aliquots of 7.5 mL
of blood, with the CellSearch® Circulating Tumor Cell Kit, being detected in one-third of
the patients. The presence of baseline CTC (>1) was correlated with worse PFS and OS
(HR =1.6, p = 0.05 and HR = 2.2, p < 0.01 respectively) as well as the increasement during
the treatment (PFS HR = 3.4, p < 0.01 and OS HR = 3.7, p < 0.01 respectively) [90].

However, clinical applicability is limited due to different reasons including the low
percentage of patients with baseline CTC found in 7.5 mL of blood (30% in this study).
New techniques such as the diagnostic leukapheresis (DLA) could be an option. With this
technique, mononuclear cells (MNCs) with a density of 1.005-1.08 g/mL are collected from
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peripheral blood via continuous centrifugation. As epithelial cells have similar density
compared to MNCs, CTCs could be co-collected along with the targeted MNCs during the
procedure [91].

Apart from the potential prognostic value of the number of CTC, it is well-known that
PD-L1 can be assessed on 45-93% of CTCs samples. Some evidence suggests that high
PD-L1 expression on CTCs at baseline is associated with a poor outcome in patients treated
with nivolumab [92]. In addition, a dynamic increase in PD-L1+ CTCs during the treatment
might indicate resistance to ICIs [93].

11. Exosomes

Exosomes are membrane-bound phospholipid vesicles secreted by most cell types, in
particular tumor cells, and include proteins, nucleic acids (microRNA) and lipids. Tumor-
derived exosomes play an important role in the communication between tumor cells and
their microenvironment, favoring tumor progression. Moreover, they provided a protective
vesicle for transporting small RNAs against degradation of RNAs and can be isolated in
most biological fluids including serum and plasma by ultracentrifugation and commercial
kits (for example, ExoQuick™ (System Biosciences, Palo Alto, CA, USA)). This makes
exosomes an ideal specimen for liquid biopsy [94].

A study evaluated the role of exosomal microRNAs in 30 patients with advanced
NSCLC who received PD-1/PD-L1 inhibitors. Plasma samples of these patients were
collected before the administration of immunotherapy and every three cycles if the patients
achieved partial response. Exosomes were prepared by ultracentrifugation, and exosome-
derived miRNAs were profiled by RNA NGS. To identify the potential predictors of
response, the patient samples were divided into PR (partial response) group and PD
(progression disease) group. They identified three miRNAs from hsa-miR-320 family
(hsa-miR-320d, hsa-miR-320c, and hsa-miR-320b) as potential predictors of response: all
exhibited upregulation in PD group compared with PR group and were correlated with an
unfavorable response to ICIs. Based on these findings, the authors suggested that patients
with low level of hsa-miR-320d, hsa-miR-320c, hsa-miR-320b, and hsa-miR-125b-5p could
be better candidates for immunotherapy [95].

Another study evaluated the PD-L1 mRNA expression in circulating exosomes in
patients with melanoma (18 patients) or NSCLC (8 patients), treated with pembrolizumab
and nivolumab. The data showed that, after treatment, PD-L1 mRNA expression in
exosomes significantly decreased in responders, remained unchanged in those with stable
disease, and significantly increased in patients with progressive disease [96]

A plasma immune-related microRNA-signature classifier (MSC) risk level and tumor
PD-L1 expression were prospectively assessed in a consecutive series of 140 advanced
NSCLC patients before starting treatment with ICIs. The results showed that patients with
MSC intermediate/low risk level reported a significant reduction in disease progression
and mortality compared to those with high MSC risk level. The corresponding multivariate
HR were 0.35 (95% CI: 0.18-0.70; p = 0.0026) and 0.28 (95% CI: 0.12-0.58; p = 0.0007).
Significant reduction in disease progression (multivariate HR = 0.35; 95% CI: 0.19-0.63;
p = 0.0006) and mortality (multivariate HR = 0.43; 95% CI: 0.21-0.88; p = 0.0211) was also
observed in patients with PD-L1 > 50% compared to those with PD-L1 < 50%. When the
two markers were considered together, patients with at least one favorable marker reported
had a significant lower probability of disease progression (HR = 0.25; 95% CI: 0.12-0.56;
p = 0.0006) and mortality (multivariate HR = 0.28; 95% CI: 0.12-0.65; p = 0.0034), compared
to those with no favorable markers. They concluded that plasma MSC could complement
PD-L1 expression to identify patients with no beneficial outcome from immunotherapy [97].

Shukuya et al. analyzed pretreatment plasma of 29 advanced NSCLC patients treated
with single agent anti PD-1 or PD-L1 antibody. A total of 32 miRNAs (p = 0.0030-0.0495)
from whole plasma and 7 extra vesicles-associated miRNAs (p = 0.041-0.0457) showed
significant concentration differences between responders and non-responders and could
have potential as predictive biomarkers for anti PD-1/PD-L1 treatment response [98].
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Fan et al. analyzed 80 patients with stage IV NSCLC treated with nivolumab. Sera RNA
was collected prior to the initiation and during the treatment. Responders had increased
sera expression levels of miR-93, —138-5p, —200, —27a, —424, —34a, —28, —106b, —193a-3p,
and -181a from pre-treatment to post-treatment (p < 0.01). Likewise, statistically significant
improvement in PFS of patients was associated with the 10-high expressed miRNA pattern
(median PFS of 6.25 versus 3.21 months, p < 0.001; hazard ratio, HR, 0.45; 95% CI, 0.25-0.76)
and OS improvement was also significantly associated with the 10-high expressed miRNA
pattern in responders versus non-responders (median OS of 7.65 vs. 3.2 months, p < 0.001,
HR, 0.39; 95% (I, 0.15-0.68) [99].

As conclusion, the detection of plasma-derived exosomal miRNAs can be a more
accurate and dynamic reflection of the status of tumor cells, rather than tumor tissue and
can monitor the tumor progression during the treatment.

12. Circulating Neutrophils and Myeloid-Derived Suppressive Cells (MDSC)

Other immunoregulatory cells that can be detected during a chronic inflammatory
state are MDSC. These are a group of heterogenic cells derived from immature myeloid
progenitors and play an immunosuppressive function, increasing T- reg cells and directly
inhibiting the proliferation of T lymphocytes [100,101].

According to their morphological characteristics, human MDSC can be divided into
neutrophil-like (g-MDSC or PMN-MDSC) and monocyte-like MDSC (M-MDSC).

The potential prognostic or predictive value of MDSCs and T—reg quantified by flow
cytometry in peripheral blood has been also explored in NSCLC patients treated with
ICIs [102].

Passaro et al. retrospectively analyzed the relationship between different populations
of baseline white blood cells and granulocytic myeloid-derived suppressor cells (Gr-MDSC)
in 53 stage IV NSCLC patients treated with nivolumab in a second-line setting. Outcome
analysis showed that high baseline levels of Gr-MDSC and low baseline CD8/Gr-MDSC
ratio are associated with significantly better (p = 0.02) response to immunotherapy treatment.
Investigators observed a clear correlation between different immune markers and clinical
outcome and described two prognostic GrMDSC-linked asset groups: A good prognostic
group formed by patients with high baseline levels of Gr-MDSC (>/6 cell/uL), low absolute
neutrophil count (<5840/uL), high eosinophil count (>90/uL) and NLR < 3; and a poor
prognostic group which showed low baseline levels of Gr-MDSC (<6 cell/uL), absolute
neutrophil count >5840/uL, eosinophil count <90/uL and NLR > 3. The multivariate
analysis showed a statistically significant improvement for PFS (p = 0.003) and OS (p = 0.05)
in favor of the identified good prognostic Gr-MDSC-linked asset group, compared with the
poor prognosis group [103].

Another study, enrolling 63 NSCLC patients treated with nivolumab, analyzed the
correlation between Lox-1+ PMN-MDSC and T—reg cells and the response to nivolumab.

Lectin-type oxidized LDL receptor-1 (Lox-1) is a specific marker expressed on immune-
suppressive PMN-MDSCs that is not present in neutrophils; so, in order to isolate this
type of cells, an anti-Lox1-PE mAb (Biolegend) is needed [104]. Before the treatment, the
percentage of T—regs was higher in responders than in non-responder patients, but there
was no significant difference in the frequency of Lox-1 +PMN-MDSCs. After the first dose
of treatment, the median percentage of T—regs was also higher in responders, whereas
the median percentage of Lox-1+ PMNMDSCs was significantly lower in responders
than in non-responders. The ratio of T—regs to Lox- 1+ PMN-MDSCs (TMR) was also
evaluated. The elevation of TMR ratio (cutoff 0.39) was associated with longer median PFS
(103 vs. 35 days; p = 0.0079) compared to patients with low TMR [105].

With this information, we can hypothesize that analyzing different cellular populations
in peripheral blood could help us to classify patients into various subgroups depending on
the expected benefit from immunotherapy.
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13. Conclusions

Treatment involving the enhancement of the immune system against tumoral cells has
revolutionized the treatment landscape of lung cancer, by achieving long-lasting responses
and long-term survival in a subgroup of NSCLC patients which are not clearly defined yet.

Consequently, the characterization of new markers that can allow a better selection of
patients who will benefit from immune-related treatments is mandatory nowadays, in order
to avoid unnecessary toxicity and overwhelming expenditures for the healthcare systems.

The development of new biomarkers measured in blood samples can provide us with
more information about the initial tumor complexity and the evolution of the mutational
patterns during the course of the disease and may become an attractive strategy where we
should put our efforts for the years to come. However, numerous questions have to be
answered before a definitive transfer into clinical routine practice. This makes essential the
design of prospective clinical trials with larger samples size to allow more robust evidence
to guide us in the future.

Author Contributions: Conceptualization: Y.L.A. Methodology: Y.L.A. Validation: Y.L.A., M.E.O.G.,
A.G.R,PAB,DRR., M.T.V,; Formal analysis and investigation: Y.L.A. Data curation: Y.L.A., Writing,
review and editing: Y.L.A., PA.B., D.RR, M.T.V. Supervision: Y.L.A.; Project administration: Y.L.A.,
PAB. D.RR.,, M.T.V. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References

10.

11.

12.

13.

Siegel, R.L.; Miller, K.D.; Jemal, A. Cancer statistics. CA Cancer ]. Clin. 2018, 68, 7-30. [CrossRef] [PubMed]

Pujol, J.-L.; Breton, J.-L.; Gervais, R.; Rebattu, P.; Depierre, A.; Morere, ]J.-E; Milleron, B.; Debieuvre, D.; Castéra, D.;
Souquet, P-J.; et al. Gemcitabine-docetaxel versus cisplatin-vinorelbine in advanced or metastatic non-small-cell lung cancer: A
phase III study addressing the case for cisplatin. Ann. Oncol. 2005, 16, 602-610. [CrossRef] [PubMed]

Sandler, A.; Gray, R.; Perry, M.C.; Brahmer, ].; Schiller, ].H.; Dowlati, A.; Lilenbaum, R.; Johnson, D.H. Paclitaxel-Carboplatin
Alone or with Bevacizumab for Non-Small-Cell Lung Cancer. N. Engl. ]. Med. 2006, 355, 2542-2550. [CrossRef]

Schiller, ].H.; Harrington, D.; Belani, C.; Langer, C.; Sandler, A.; Krook, J.; Zhu, J.; Johnson, D.H. Comparison of Four Chemother-
apy Regimens for Advanced Non-Small-Cell Lung Cancer. N. Engl. ]. Med. 2002, 346, 92-98. [CrossRef] [PubMed]

Bodor, ].N.; Kasireddy, V.; Borghaei, H. First-Line Therapies for Metastatic Lung Adenocarcinoma Without a Driver Mutation. J.
Oncol. Pract. 2018, 14, 529-535. [CrossRef]

Borghaei, H.; Paz-Ares, L.; Horn, L.; Spigel, D.R.; Steins, M.; Ready, N.E.; Chow, L.Q.; Vokes, E.E.; Felip, E.; Holgado, E.; et al.
Nivolumab versus Docetaxel in Advanced Nonsquamous Non-Small-Cell Lung Cancer. N. Engl. ]. Med. 2015, 373, 1627-1639.
[CrossRef]

Hellmann, M.D,; Rizvi, N.A.; Goldman, ].W.; Gettinger, S.N.; Borghaei, H.; Brahmer, ].R.; E Ready, N.; Gerber, D.; Chow, L.Q;
Juergens, R.A; et al. Nivolumab plus ipilimumab as first-line treatment for advanced non-small-cell lung cancer (CheckMate
012): Results of an open-label, phase 1, multicohort study. Lancet Oncol. 2017, 18, 31-41. [CrossRef]

Herbst, R.S.; Baas, P; Kim, D.-W.; Felip, E.; Perez-Gracia, J.L.; Han, J.-Y.; Molina, J.; Kim, J.-H.; Arvis, C.D.; Ahn, M.-].; et al.
Pembrolizumab versus docetaxel for previously treated, PD-L1-positive, advanced non-small-cell lung cancer (KEYNOTE-010):
A randomised controlled trial. Lancet 2016, 387, 1540-1550. [CrossRef]

Gandhi, L.; Rodriguez-Abreu, D.; Gadgeel, S.; Esteban, E.; Felip, E.; De Angelis, F.; Domine, M.; Clingan, P.; Hochmair, M.].;
Powell, S.F; et al. Pembrolizumab plus Chemotherapy in Metastatic Non-Small-Cell Lung Cancer. N. Engl. |. Med. 2018, 378,
2078-2092. [CrossRef] [PubMed]

Paz-Ares, L.; Luft, A.; Vicente, D.; Tafreshi, A.; Glimiis, M.; Maziéres, ].; Hermes, B.; Cay Senler, F.; Cs6szi, T.; Fiilop, A.; et al.
Pembrolizumab plus Chemotherapy for Squamous Non-Small-Cell Lung Cancer. N. Engl. ]. Med. 2018, 379, 2040-2051. [CrossRef]
Reck, M.; Rodriguez-Abreu, D.; Robinson, A.G.; Hui, R.; Cs6szi, T.; Fiilop, A.; Gottfried, M.; Peled, N.; Tafreshi, A.; Cuffe, S.; et al.
Pembrolizumab versus Chemotherapy for PD-L1-Positive Non-Small-Cell Lung Cancer. N. Engl. |. Med. 2016, 375, 1823-1833.
[CrossRef]

Sezer, A.; Kilickap, S.; Guimiis, M.; Bondarenko, I.; Ozgﬁroglu, M.; Gogishvili, M.; Turk, HM.; Cicin, I.; Bentsion, D.;
Gladkov, O.; et al. Cemiplimab monotherapy for first-line treatment of advanced non-small-cell lung cancer with PD-L1 of
at least 50%: A multicentre, open-label, global, phase 3, randomised, controlled trial. Lancet 2021, 397, 592-604. [CrossRef]
Rittmeyer, A.; Barlesi, F.; Waterkamp, D.; Park, K.; Ciardiello, F.; von Pawel, ]J.; Gadgeel, S.M.; Hida, T.; Kowalski, D.M.; Dols,
M.C,; et al. Atezolizumab versus docetaxel in patients with previously treated non-small-cell lung cancer (OAK): A phase 3,
open-label, multicentre randomised controlled trial. Lancet 2017, 389, 255-265, Erratum in Lancet 2017, 389, 5. [CrossRef]


http://doi.org/10.3322/caac.21442
http://www.ncbi.nlm.nih.gov/pubmed/29313949
http://doi.org/10.1093/annonc/mdi126
http://www.ncbi.nlm.nih.gov/pubmed/15741225
http://doi.org/10.1056/NEJMoa061884
http://doi.org/10.1056/NEJMoa011954
http://www.ncbi.nlm.nih.gov/pubmed/11784875
http://doi.org/10.1200/JOP.18.00250
http://doi.org/10.1056/NEJMoa1507643
http://doi.org/10.1016/S1470-2045(16)30624-6
http://doi.org/10.1016/S0140-6736(15)01281-7
http://doi.org/10.1056/NEJMoa1801005
http://www.ncbi.nlm.nih.gov/pubmed/29658856
http://doi.org/10.1056/NEJMoa1810865
http://doi.org/10.1056/NEJMoa1606774
http://doi.org/10.1016/S0140-6736(21)00228-2
http://doi.org/10.1016/S0140-6736(16)32517-X

J. Clin. Med. 2022, 11, 3245 13 of 16

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Antonia, S.J.; Villegas, A.; Daniel, D.; Vicente, D.; Murakami, S.; Hui, R.; Yokoi, T.; Chiappori, A.; Lee, K.H.; De Wit, M.; et al.
Durvalumab after Chemoradiotherapy in Stage III Non-Small-Cell Lung Cancer. N. Engl. J. Med. 2017, 377, 1919-1929. [CrossRef]
Gray, J.E.; Villegas, A.; Daniel, D.; Vicente, D.; Murakami, S.; Hui, R.; Kurata, T.; Chiappori, A.; Lee, K.H.; Cho, B.C,; et al.
Three-Year Overall Survival with Durvalumab after Chemoradiotherapy in Stage IIINSCLC-Update from, P.A.C.LEILC. . Thorac.
Oncol. 2020, 15, 288-293. [CrossRef] [PubMed]

Felip, E.; Altorki, N.; Zhou, C.; Cs6szi, T.; Vynnychenko, I.; Goloborodko, O.; Luft, A.; Akopov, A.; Martinez-Marti, A.; Kenmotsu,
H.; et al. Adjuvant atezolizumab after adjuvant chemotherapy in resected stage IB-IIIA non-small-cell lung cancer (IMpower010):
A randomised, multicentre, open-label, phase 3 trial. Lancet 2021, 398, 1344-1357. [CrossRef]

Spicer, J.; Wang, C.; Tanaka, F.; Saylors, G.B.; Chen, K.-N.; Liberman, M.; Vokes, E.E.; Girard, N.; Lu, S.; Provencio, M.; et al.
Surgical outcomes from the phase 3 CheckMate 816 trial: Nivolumab (NIVO) + plati-num-doublet chemotherapy (chemo) vs
chemo alone as neoadjuvant treatment for patients with resectable non-small cell lung cancer (NSCLC). J. Clin. Oncol. 2021, 39
(Suppl. S15), 8503. [CrossRef]

Li, S.; Zhang, C.; Pang, G.; Wang, P. Emerging Blood-Based Biomarkers for Predicting Response to Checkpoint Inmunotherapy in
Non-Small-Cell Lung Cancer. Front. Immunol. 2020, 11, 603157. [CrossRef]

Duchemann, B.; Remon, J.; Naigeon, M.; Cassard, L.; Jouniaux, ].M.; Boselli, L.; Grivel, J.; Auclin, E.; Desnoyer, A.; Besse, B.; et al.
Current and future biomarkers for outcomes with immunotherapy in non-small cell lung cancer. Transl. Lung Cancer Res. 2021, 10,
2937-2954. [CrossRef] [PubMed]

Bodor, J.N.; Boumber, Y.; Borghaei, H. Biomarkers for immune checkpoint inhibition in non-small cell lung cancer (NSCLC).
Cancer 2020, 126, 260-270. [CrossRef]

Brueckl, W.M.; Ficker, ].H.; Zeitler, G. Clinically relevant prognostic and predictive markers for immune-checkpoint-inhibitor
(ICI) therapy in non-small cell lung cancer (NSCLC). BMC Cancer 2020, 20, 1185. [CrossRef]

Prelaj, A.; Tay, R; Ferrara, R.; Chaput, N.; Besse, B.; Califano, R. Predictive biomarkers of response for immune checkpoint
inhibitors in nonesmall-cell lung cancer. Eur. |. Cancer 2019, 106, 144-159. [CrossRef]

McLaughlin, J.; Han, G.; Schalper, K.A.; Carvajal-Hausdorf, D.; Pelekanou, V.; Rehman, J.; Velcheti, V.; Herbst, R.; Lorusso, P,;
Rimm, D.L. Quantitative Assessment of the Heterogeneity of PD-L1 Expression in Non-Small-Cell Lung Cancer. JAMA Oncol.
2016, 2, 46-54. [CrossRef]

Schoenfeld, A.J.; Rizvi, H.; Bandlamudi, C.; Sauter, ].L.; Travis, W.D.; Rekhtman, N.; Plodkowski, A.J.; Perez-Johnston, R.; Sawan,
P; Beras, A.; et al. Clinical and molecular correlates of PD-L1 expression in patients with lung adenocarcinomas. Ann. Oncol.
2020, 31, 599-608. [CrossRef] [PubMed]

Ulich, T.R.; del Castillo, J.; Guo, K. In vivo hematologic effects of recombinant interleukin-6 on hematopoiesis and circulating
numbers of RBCs and WBCs. Blood 1989, 73, 108-110. [CrossRef] [PubMed]

Singel, K.L.; Segal, B.H. Neutrophils in the tumor microenvironment: Trying to heal the wound that cannot heal. Immunol. Rev.
2016, 273, 329-343. [CrossRef] [PubMed]

Soyano, A.E.; Dholaria, B.; Marin-Acevedo, J.A.; Diehl, N.; Hodge, D.; Luo, Y.; Manochakian, R.; Chumsri, S.; Adjei, A,;
Knutson, K.L,; et al. Peripheral blood biomarkers correlate with outcomes in advanced non-small cell lung Can-cer patients
treated with anti-PD-1 antibodies. |. Immuno Ther. Cancer 2018, 6, 129. [CrossRef]

Moschetta, M.; Uccello, M.; Kasenda, B.; Mak, G.; McClelland, A.; Boussios, S.; Forster, M.; Arkenau, H.-T. Dynamics of
neutrophils-to-lymphocyte ratio predict outcomes of PD-1/PDL1 blockade. Biomed Res Int. 2017, 2017, 1506824. [CrossRef]

Gu, X.-B.; Tian, T.; Tian, X.-].; Zhang, X.-]. Prognostic significance of neutrophil-to-lymphocyte ratio in non-small cell lung cancer:
A meta-analysis. Sci. Rep. 2015, 5, 12493. [CrossRef]

Ferrucci, PE; Ascierto, P.A.; Pigozzo, J.; Del Vecchio, M.; Maio, M.; Cappellini, G.C.A.; Guidoboni, M.; Queirolo, P.; Savoia,
P; Mandala, M.; et al. Baseline neutrophils and derived neutrophil-to-lymphocyte ratio: Prognostic relevance in metastatic
melanoma patients receiving ipilimumab. Ann. Oncol. 2016, 27, 732-738. [CrossRef] [PubMed]

Mezquita, L.; Auclin, E.; Ferrara, R.; Charrier, M.; Remon, J.; Planchard, D.; Ponce, S.; Ares, L.P,; Leroy, L.; Audigier-Valette, C.; et al.
Association of the Lung Immune Prognostic Index With Immune Checkpoint Inhibitor Outcomes in Patients With Advanced
Non-Small Cell Lung Cancer. JAMA Oncol. 2018, 4, 351-357. [CrossRef]

Adachi, Y;; Tamiya, A.; Taniguchi, Y.; Enomoto, T.; Azuma, K.; Kouno, S.; Inagaki, Y.; Saijo, N.; Okishio, K.; Atagi, S. Predictive
factors for progression-free survival in non-small cell lung cancer patients receiving nivolumab based on performance status.
Cancer Med. 2020, 9, 1383-1391. [CrossRef] [PubMed]

Diakos, C.I,; Charles, K.A.; McMillan, D.C.; Clarke, S.]. Cancer-related inflammation and treatment effectiveness. Lancet Oncol.
2014, 15, e493-e503. [CrossRef]

Mantovani, A.; Allavena, P.; Sica, A.; Balkwill, E. Cancer-related inflammation. Nature 2008, 454, 436—444. [CrossRef]
livanainen, S.; Ahvonen, J.; Knuuttila, A.; Tiainen, S.; Koivunen, J.P. Elevated CRP levels indicate poor progression-free and
overall survival on cancer patients treated with PD-1 inhibitors. ESMO Open 2019, 4, e000531. [CrossRef]

Socinski, M.; Velcheti, V.; Mekhail, T.; Chae, Y.; Leal, T.; Dowell, J.; Tsai, M.; Dakhil, C.; Stella, P.; Shen, V.; et al. Final efficacy
results from B-F1RST, a prospective phase II trial evaluating blood-based tumour mutational burden (bTMB) as a predictive
biomarker for atezolizumab (atezo) in 1L non-small cell lung cancer (NSCLC). Ann. Oncol. 2019, 30, v919-v920. [CrossRef]
Petrelli, F.; Cabiddu, M.; Coinu, A.; Borgonovo, K.; Ghilardi, M.; Lonati, V.; Barni, S. Prognostic role of lactate dehydrogenase in
solid tumors: A systematic review and meta-analysis of 76 studies. Acta Oncol. 2015, 54, 961-970. [CrossRef]


http://doi.org/10.1056/NEJMoa1709937
http://doi.org/10.1016/j.jtho.2019.10.002
http://www.ncbi.nlm.nih.gov/pubmed/31622733
http://doi.org/10.1016/S0140-6736(21)02098-5
http://doi.org/10.1200/JCO.2021.39.15_suppl.8503
http://doi.org/10.3389/fimmu.2020.603157
http://doi.org/10.21037/tlcr-20-839
http://www.ncbi.nlm.nih.gov/pubmed/34295689
http://doi.org/10.1002/cncr.32468
http://doi.org/10.1186/s12885-020-07690-8
http://doi.org/10.1016/j.ejca.2018.11.002
http://doi.org/10.1001/jamaoncol.2015.3638
http://doi.org/10.1016/j.annonc.2020.01.065
http://www.ncbi.nlm.nih.gov/pubmed/32178965
http://doi.org/10.1182/blood.V73.1.108.108
http://www.ncbi.nlm.nih.gov/pubmed/2783370
http://doi.org/10.1111/imr.12459
http://www.ncbi.nlm.nih.gov/pubmed/27558344
http://doi.org/10.1186/s40425-018-0447-2
http://doi.org/10.1155/2017/1506824
http://doi.org/10.1038/srep12493
http://doi.org/10.1093/annonc/mdw016
http://www.ncbi.nlm.nih.gov/pubmed/26802161
http://doi.org/10.1001/jamaoncol.2017.4771
http://doi.org/10.1002/cam4.2807
http://www.ncbi.nlm.nih.gov/pubmed/31880861
http://doi.org/10.1016/S1470-2045(14)70263-3
http://doi.org/10.1038/nature07205
http://doi.org/10.1136/esmoopen-2019-000531
http://doi.org/10.1093/annonc/mdz394.081
http://doi.org/10.3109/0284186X.2015.1043026

J. Clin. Med. 2022, 11, 3245 14 of 16

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

D’Arcangelo, D.; Facchiano, F,; Barlucchi, L.M.; Melillo, G.; Illi, B.; Testolin, L.; Gaetano, C.; Capogrossi, M.C. Acidosis Inhibits
Endothelial Cell Apoptosis and Function and Induces Basic Fibroblast Growth Factor and Vascular Endothelial Growth Factor
Expression. Circ. Res. 2020, 86, 312-318. [CrossRef] [PubMed]

Firth, J.D.; Ebert, B.L.; Ratcliffe, P.J. Hypoxic regulation of lactate dehydrogenase a Interaction between hypox-ia-inducible factor
1 and cAMP response elements. |. Biol. Chem. 1995, 270, 21021-21027. [CrossRef] [PubMed]

Giatromanolaki, A.; Harris, A.L. Tumour hypoxia, hypoxia signaling pathways and hypoxia inducible factor expres-sion in
human cancer. Anticancer Res. 2001, 21, 4317-4324.

Koukourakis, M.I.; Giatromanolaki, A.; Sivridis, E.; Bougioukas, G.; Didilis, V.; Gatter, K.C.; Harris, A.L. Lactate dehydro-genase-5
(LDH-5) overexpression in non-small-cell lung cancer tissues is linked to tumour hypoxia, angiogenic factor produc-tion and
poor prognosis. Br. J. Cancer 2003, 89, 877-885. [CrossRef]

Lee, D.S,; Park, K.R; Kim, S.J.; Chung, M.].; Lee, Y.H.; Chang, ].H.; Kang, ].H.; Hong, S.H.; Kim, M.S,; Kim, Y.S. Serum lactate
dehydrogenase levels at presentation in stage IV non-small cell lung cancer: Pre-dictive value of metastases and relation to
survival outcomes. Tumor Biol. 2016, 37, 619-625. [CrossRef]

Zhang, Z.; Li, Y;; Yan, X.; Song, Q.; Wang, G.; Hu, Y,; Jiao, S.; Wang, ]J. Pretreatment lactate dehydrogenase may predict outcome of
advanced non small-cell lung cancer patients treated with immune checkpoint inhibitors: A meta-analysis. Cancer Med. 2019, §,
1467-1473. [CrossRef]

Alifano, M.; Mansuet-Lupo, A.; Lococo, F; Roche, N.; Bobbio, A.; Canny, E.; Schussler, O.; Dermine, H.; Regnard, ].-F;
Burroni, B.; et al. Systemic inflammation, nutritional statusand tumor immune microenvironment determine outcome of resected
non-small cell lung cancer. PLoS ONE 2014, 9, e106914. [CrossRef] [PubMed]

Tewari, N.; Martin-Ucar, A.E.; Black, E.; Beggs, L.; Beggs, F.D.; Duffy, ].P.; Morgan, W.E. Nutritional status affects long term
survival after lobec-tomy for lung cancer. Lung Cancer 2007, 57, 389-394. [CrossRef] [PubMed]

Kawai, H.; Ota, H. Low Perioperative Serum Prealbumin Predicts Early Recurrence after Curative Pulmonary Resection for
Non-Small-Cell Lung Cancer. World ]. Surg. 2012, 36, 2853-2857. [CrossRef] [PubMed]

Shoji, F.; Morodomi, Y.; Akamine, T.; Takamori, S.; Katsura, M.; Takada, K.; Suzuki, Y.; Fujishita, T.; Okamoto, T.; Maehara,
Y. Predictive impact for postoperative recurrence using the preoperative prognostic nutritional index in pathological stage I
non-small cell lung cancer. Lung Cancer 2016, 98, 15-21. [CrossRef] [PubMed]

Shoji, E. Clinical impact of preoperative immunonutritional status in patients undergoing surgical resection of lung cancer. J.
Thorac. Dis. 2019, 11, S408-5412. [CrossRef]

Shoji, F.; Takeoka, H.; Kozuma, Y.; Toyokawa, G.; Yamazaki, K.; Ichiki, M.; Takeo, S. Pretreatment prognostic nutritional index as a
novel biomarker in non-small cell lung cancer patients treated with immune checkpoint inhibitors. Lung Cancer 2019, 136, 45-51.
[CrossRef] [PubMed]

Matsubara, T.; Takamori, S.; Haratake, N.; Toyozawa, R.; Miura, N.; Shimokawa, M.; Yamaguchi, M.; Seto, T.; Takenoyama, M.
The impact of immune-inflammation-nutritional parameters on the prognosis of non-small cell lung cancer patients treated with
atezolizumab Taichi Matsubara, Shinkichi Takamori. J. Thorac. Dis. 2020, 12, 1520-1528. [CrossRef] [PubMed]

Matsukane, R.; Watanabe, H.; Hata, K.; Suetsugu, K.; Tsuji, T.; Egashira, N.; Nakanishi, Y.; Okamoto, I.; Ieiri, I. Prognostic
significance of pre-treatment ALBI grade in advanced non-small cell lung cancer receiving immune checkpoint therapy. Sci. Rep.
2021, 11, 15057. [CrossRef] [PubMed]

Martinez-Lostao, L.; Anel, A.; Pardo, J. How Do Cytotoxic Lymphocytes Kill Cancer Cells? Clin. Cancer Res. 2015, 21, 5047-5056.
[CrossRef]

Zhu, X.; Lang, J. Soluble PD-1 and PD-L1: Predictive and prognostic significance in cancer. Oncotarget 2017, 8, 97671-97682.
[CrossRef] [PubMed]

Zhao, J.; Zhang, P.; Wang, J.; Xi, Q.; Zhao, X; Ji, M.; Hu, G. Plasma levels of soluble programmed death ligand-1 may be associated
with overall sur-vival in nonsmall cell lung cancer patients receiving thoracic radiotherapy. Medicine 2017, 96, e6102. [CrossRef]
[PubMed]

Costantini, A.; Julie, C.; Dumenil, C.; Hélias-Rodzewicz, Z.; Tisserand, J.; Dumoulin, J.; Giraud, V.; Labrune, S.; Chinet, T.;
Emile, J.-F,; et al. Predictive role of plasmatic biomarkers in advanced non-small cell lung cancer treated by nivolumab. Oncolm-
munology 2018, 7, €1452581. [CrossRef]

Tiako Meyo, M.; Jouinot, A.; Giroux-Leprieur, E.; Fabre, E.; Wislez, M.; Alifano, M.; Leroy, K.; Boudou-Rouquette, P.; Tlemsani, C.;
Khoudour, N.; et al. Predictive Value of Soluble PD-1, PD-L1, VEGFA, CD40 Ligand and CD44 for Nivolumab Therapy in
Advanced Non-Small Cell Lung Cancer: A Case-Control Study. Cancers 2020, 12, 473. [CrossRef]

Schumacher, T.N.; Schreiber, R.D. Neoantigens in cancer immunotherapy. Science 2015, 348, 69-74. [CrossRef] [PubMed]
Yarchoan, M.; Johnson, B.A., IIl; Lutz, E.R.; Laheru, D.A ; Jaffee, E.M. Targeting neoantigens to augment antitumour immunity.
Nat. Rev. Cancer 2017, 17, 209-222. [CrossRef]

Hellmann, M.D.; Paz-Ares, L.; Bernabe Caro, R.; Zurawski, B.; Kim, S.-W.; Carcereny Costa, E.; Park, K.; Alexandru, A;
Lupinacci, L.; de la Mora Jimenez, E.; et al. Nivolumab plus Ipilimumab in Advanced Non-Small-Cell Lung Cancer. N. Engl. ].
Med. 2019, 381, 2020-2031. [CrossRef]

Khagi, Y.; Goodman, A.M.; Daniels, G.A.; Patel, S.P.; Sacco, A.G.; Randall, ]. M.; Bazhenova, L.A.; Kurzrock, R. Hypermutated
Circulating Tumor DNA: Correlation with Response to Checkpoint Inhibi-tor-Based Immunotherapy. Clin. Cancer Res. 2017, 23,
5729-5736. [CrossRef]


http://doi.org/10.1161/01.RES.86.3.312
http://www.ncbi.nlm.nih.gov/pubmed/10679483
http://doi.org/10.1074/jbc.270.36.21021
http://www.ncbi.nlm.nih.gov/pubmed/7673128
http://doi.org/10.1038/sj.bjc.6601205
http://doi.org/10.1007/s13277-015-3776-5
http://doi.org/10.1002/cam4.2024
http://doi.org/10.1371/journal.pone.0106914
http://www.ncbi.nlm.nih.gov/pubmed/25238252
http://doi.org/10.1016/j.lungcan.2007.03.017
http://www.ncbi.nlm.nih.gov/pubmed/17481775
http://doi.org/10.1007/s00268-012-1766-y
http://www.ncbi.nlm.nih.gov/pubmed/22948197
http://doi.org/10.1016/j.lungcan.2016.05.010
http://www.ncbi.nlm.nih.gov/pubmed/27393501
http://doi.org/10.21037/jtd.2018.11.118
http://doi.org/10.1016/j.lungcan.2019.08.006
http://www.ncbi.nlm.nih.gov/pubmed/31437663
http://doi.org/10.21037/jtd.2020.02.27
http://www.ncbi.nlm.nih.gov/pubmed/32395289
http://doi.org/10.1038/s41598-021-94336-9
http://www.ncbi.nlm.nih.gov/pubmed/34301991
http://doi.org/10.1158/1078-0432.CCR-15-0685
http://doi.org/10.18632/oncotarget.18311
http://www.ncbi.nlm.nih.gov/pubmed/29228642
http://doi.org/10.1097/MD.0000000000006102
http://www.ncbi.nlm.nih.gov/pubmed/28207525
http://doi.org/10.1080/2162402X.2018.1452581
http://doi.org/10.3390/cancers12020473
http://doi.org/10.1126/science.aaa4971
http://www.ncbi.nlm.nih.gov/pubmed/25838375
http://doi.org/10.1038/nrc.2016.154
http://doi.org/10.1056/NEJMoa1910231
http://doi.org/10.1158/1078-0432.CCR-17-1439

J. Clin. Med. 2022, 11, 3245 150f 16

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

Gandara, D.R.; Paul, SM.; Kowanetz, M.; Schleifman, E.; Zou, W.; Li, Y,; Rittmeyer, A.; Fehrenbacher, L.; Otto, G,
Malboeuf, C.; et al. Blood-based tumor mutational burden as a predictor of clinical benefit in non-small-cell lung cancer patients
treated with atezolizumab. Nat. Med. 2018, 24, 1441-1448. [CrossRef] [PubMed]

Peters, S.; Cho, B.; Reinmuth, N. Tumor mutational burden (TMB) as a biomarker of survival in metastatic non-small cell lung
cancer (MNSCLC): Blood and tissue TMB analysis from MYSTIC, a Phase III study of firstline durvalumab + tremelimumab vs
chemotherapy. Cancer Res. 2019, 79, CT074.

Available online: https:/ /www.astrazeneca.com/mediacentre/press-releases /2019 /update-on-the-phase-iiineptune-trial-of-
imfinzi-plus-tremelimumab-in-stage-ivnon-small-cell-lung-cancer (accessed on 11 May 2022).

Badawy, A.A.-B. Kynurenine Pathway of Tryptophan Metabolism: Regulatory and Functional Aspects. Int. |. Tryptophan Res.
2017, 10. [CrossRef]

Hwu, P; Du, M.X; Lapointe, R.; Do, M.; Taylor, M.W.; Young, H.A. Indoleamine 2,3-Dioxygenase Production by Human Dendritic
Cells Results in the Inhibition of T Cell Proliferation. J. Immunol. 2000, 164, 3596-3599. [CrossRef] [PubMed]

Curti, A.; Pandolfi, S.; Valzasina, B.; Aluigi, M.; Isidori, A.; Ferri, E.; Salvestrini, V.; Bonanno, G.; Rutella, S.; Durelli, I; et al.
Modulation of tryptophan catabolism by human leukemic cells results in the conversion of CD25—into CD25+ T regulatory cells.
Blood 2007, 109, 2871-2877. [CrossRef]

Chen, W.; Liang, X.; Peterson, A.J.; Munn, D.; Blazar, B.R. The Indoleamine 2,3-Dioxygenase Pathway Is Essential for Human
Plasmacytoid Dendritic Cell-Induced Adaptive T Regulatory Cell Generation. J. Immunol. 2008, 181, 5396-5404. [CrossRef]
[PubMed]

Chung, D.J.; Rossi, M.; Romano, E.; Ghith, ].; Yuan, J.; Munn, D.; Young, ]J. Indoleamine 2,3-dioxygenase—expressing mature
human monocyte-derived dendritic cells expand potent autologous regulatory T cells. Blood 2009, 114, 555-563. [CrossRef]
Kozuma, Y.; Takada, K.; Toyokawa, G.; Kohashi, K.; Shimokawa, M.; Hirai, E; Tagawa, T.; Okamoto, T.; Oda, Y.; Maehara, Y.
Indoleamine 2.3-dioxygenase 1 and programmed cell death-ligand 1 co-expression correlates with aggressive features in lung
adenocarcinoma. Eur. J. Cancer 2018, 101, 20-29. [CrossRef]

Holmgaard, R.B.; Zamarin, D.; Munn, D.H.; Wolchok, J.D.; Allison, ].P. Indoleamine 2,3-dioxygenase is a critical resistance
mechanism in antitumor T-cell im-munotherapy targeting cTLA4. J. Exp. Med. 2013, 210, 1389-1402. [CrossRef]

Botticelli, A.; Cerbelli, B.; Lionetto, L.; Zizzari, I.; Salati, M.; Pisano, A.; Federica, M.; Simmaco, M.; Nuti, M.; Marchetti, P. Can
IDO activity predict primary resistance to anti-PD-1 treatment in NSCLC? J. Transl. Med. 2018, 16, 219. [CrossRef]

Hellmann, M.D.; Gettinger, S.; Chow, L.Q.; Gordon, M.; Awad, M.M.; Cha, E.; Gong, X.; Zhou, G.; Walker, C.; Leopold, L.; et al.
Phase 1 study of epacadostat in combination with atezolizumab for patients with previ-ously treated advanced nonsmall cell
lung cancer. Int. ]. Cancer 2020, 147, 1963-1969. [CrossRef]

Long, G.V.; Dummer, R.; Hamid, O.; Gajewski, T.; Caglevic, C.; Dalle, S. Epacadostat plus pembrolizumab versus pembrolizumab
alone in patients with unresectable or metastatic melanoma: Results of the phase 3 ECHO-301/KEYNOTE-252 study. J. Clin.
Oncol. 2018, 36 (Suppl. 15), 108. [CrossRef]

Moore, B.B.; Arenberg, D.A.; Stoy, K.; Morgan, T.; Addison, C.L.; Morris, S.B.; Glass, M.; Wilke, C.; Xue, Y.Y,; Sitterding, S.; et al.
Distinct CXC Chemokines Mediate Tumorigenicity of Prostate Cancer Cells. Am. J. Pathol. 1999, 154, 1503-1512. [CrossRef]
Baggiolini, M. CXCL8—The first chemokine. Front. Immunol. 2015, 6, 285. [CrossRef]

David, ].M.; Dominguez, C.; Hamilton, D.H.; Palena, C. The IL-8/IL-8R axis: A double agent in tumor immune resistance.
Vaccines 2016, 4, 22. [CrossRef]

Alfaro, C.; Teijeira, A.; Onate, C.; Pérez, G.; Sanmamed, M.F,; Andueza, M.P; Alignani, D.; Labiano, S.; Azpilikueta, A.; Rodriguez-
Paulete, A.; et al. Tumor-produced interleukin-8 attracts human myeloid-derived suppressor cells and elicits extrusion of
neu-trophil extracellular traps (NETs). Clin. Cancer Res. 2016, 22, 3924-3936. [CrossRef]

Sanmamed, M.E.; Perez-Gracia, ].L.; Schalper, K.A.; Fusco, ].P.; Gonzalez, A.; Rodriguez-Ruiz, M.E.; Ofiate, C.; Perez, G.; Alfaro,
C.; Martin-Algarra, S.; et al. Changes in serum interleukin-8 (IL-8) levels reflect and predict response to anti-PD-1 treatment in
melanoma and non-small-cell lung cancer patients. Ann. Oncol. 2017, 28, 1988-1995. [CrossRef]

Schalper, K.A.; Carleton, M.; Zhou, M.; Chen, T.; Feng, Y.; Huang, S.-P.; Walsh, A.M.; Baxi, V.; Pandya, D.; Baradet, T.; et al.
Elevated serum interleukin-8 is associated with enhanced intratumor neutrophils and reduced clinical benefit of immune
checkpoint inhibitors. Nat. Med. 2020, 26, 688—692. [CrossRef]

Silva, E.M.; Mariano, V.S.; Pastrez, PR.A.; Pinto, M.C.; Castro, A.G.; Syrjanen, K.J.; Longatto-Filho, A. High systemic IL-6 is
associated with worse prognosis in patients with non-small cell lung cancer. PLoS ONE 2017, 12, e0181125. [CrossRef]

Chang, C.H.; Hsiao, C.F; Yeh, YM.; Chang, G.C.; Tsai, Y.H.; Chen, Y.M.; Huang, M.S.; Chen, H.L; Li, YJ.; Yang, P.C,; et al.
Circulating interleukin-6 level is a prognostic marker for survival in advanced nonsmall cell lung cancer patients treated with
chemotherapy. Int. J. Cancer 2013, 132, 1977-1985. [CrossRef]

Zhang, G.J.; Adachi, I. Serum interleukin-6 levels correlate to tumor progression and prognosis in metastatic breast carcino-ma.
Anticancer Res. 1999, 19, 1427-1432.

Kang, D.H.; Park, C.-K,; Chung, C.; Oh, L-].; Kim, Y.-C.; Park, D.; Kim, J.; Kwon, G.C.; Kwon, I; Sun, P.; et al. Baseline Serum
Interleukin-6 Levels Predict the Response of Patients with Advanced Non-small Cell Lung Cancer to PD-1/PD-L1 Inhibitors.
Immune Netw. 2020, 20, e27. [CrossRef]

Hong, Y,; Fang, F; Zhang, Q. Circulating tumor cell clusters: What we know and what we expect (Review). Int. J. Oncol. 2016, 49,
2206-2216. [CrossRef] [PubMed]


http://doi.org/10.1038/s41591-018-0134-3
http://www.ncbi.nlm.nih.gov/pubmed/30082870
https://www.astrazeneca.com/mediacentre/press-releases/2019/update-on-the-phase-iiineptune-trial-of-imfinzi-plus-tremelimumab-in-stage-ivnon-small-cell-lung-cancer
https://www.astrazeneca.com/mediacentre/press-releases/2019/update-on-the-phase-iiineptune-trial-of-imfinzi-plus-tremelimumab-in-stage-ivnon-small-cell-lung-cancer
http://doi.org/10.1177/1178646917691938
http://doi.org/10.4049/jimmunol.164.7.3596
http://www.ncbi.nlm.nih.gov/pubmed/10725715
http://doi.org/10.1182/blood-2006-07-036863
http://doi.org/10.4049/jimmunol.181.8.5396
http://www.ncbi.nlm.nih.gov/pubmed/18832696
http://doi.org/10.1182/blood-2008-11-191197
http://doi.org/10.1016/j.ejca.2018.06.020
http://doi.org/10.1084/jem.20130066
http://doi.org/10.1186/s12967-018-1595-3
http://doi.org/10.1002/ijc.32951
http://doi.org/10.1200/JCO.2018.36.15_suppl.108
http://doi.org/10.1016/S0002-9440(10)65404-1
http://doi.org/10.3389/fimmu.2015.00285
http://doi.org/10.3390/vaccines4030022
http://doi.org/10.1158/1078-0432.CCR-15-2463
http://doi.org/10.1093/annonc/mdx190
http://doi.org/10.1038/s41591-020-0856-x
http://doi.org/10.1371/journal.pone.0181125
http://doi.org/10.1002/ijc.27892
http://doi.org/10.4110/in.2020.20.e27
http://doi.org/10.3892/ijo.2016.3747
http://www.ncbi.nlm.nih.gov/pubmed/27779656

J. Clin. Med. 2022, 11, 3245 16 of 16

85.

86.

87.

88.
89.
90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

Cristofanilli, M.; Budd, G.T.; Ellis, M.].; Stopeck, A.; Matera, J.; Miller, M.C.; Reuben, ] M.; Doyle, G.V.; Allard, WJ,;
Terstappen, L.W.; et al. Circulating tumor cells, disease progression, and survival in metastatic breast cancer. N. Engl. ]. Med.
2004, 351, 781-791. [CrossRef]

Alix-Panabieres, C.; Pantel, K. Characterization of single circulating tumor cells. FEBS Lett. 2017, 591, 2241-2250. [CrossRef]
Alberter, B.; Klein, C.A.; Polzer, B. Single-cell analysis of CTCs with diagnostic precision: Opportunities and challenges for
personalized medicine. Expert Rev. Mol. Diagn. 2016, 16, 25-38. [CrossRef]

Lianidou, E.S.; Markou, A.; Strati, A. The Role of CTCs as Tumor Biomarkers. Adv. Exp. Med. Biol. 2015, 867, 341-367. [CrossRef]
Kapeleris, J.; Kulasinghe, A.; Warkiani, M.E.; Vela, I.; Kenny, L.; O'Byrne, K.; Punyadeera, C. The Prognostic Role of Circulating
Tumor Cells (CTCs) in Lung Cancer. Front. Oncol. 2018, 8, 311. [CrossRef] [PubMed]

Tamminga, M.; de Wit, S.; Hiltermann, T.].N.; Timens, W.; Schuuring, E.; Terstappen, L.; Groen, H.J. Circulating tumor cells in
advanced non-small cell lung cancer patients are associated with worse tumor response to checkpoint inhibitors. J. Immunother.
Cancer 2019, 7, 173. [CrossRef]

Stoecklein, H.N.; Fischer, J.C.; Niederacher, D.; Leon, W.M.M. Terstappen Challenges for CTC-based liquid biopsies: Low CTC
frequency and diagnostic leukapheresis as a potential solution. Expert Rev. Mol. Diagn. 2016, 16, 147-164. [CrossRef] [PubMed]
Guibert, N.; Delaunay, M.; Lusque, A.; Boubekeur, N.; Rouquette, I.; Clermont, E.; Mourlanette, ].; Gouin, S.; Dormoy, I.; Favre, G.;
et al. PD-L1 expression in circulating tumor cells of advanced nonsmall cell lung can-cer patients treated with nivolumab. Lung
Cancer 2018, 120, 108-112. [CrossRef]

Janning, M.; Kobus, F,; Babayan, A.; Wikman, H.; Velthaus, J.-L.; Bergmann, S.; Schatz, S.; Falk, M.; Berger, L.-A.; Bottcher, L.-M.;
et al. Determination of PD-L1 Expression in Circulating Tumor Cells of NSCLC Patients and Correlation with Response to
PD-1/PD-L1 Inhibitors. Cancers 2019, 11, 835. [CrossRef]

Chen, R;; Xu, X,; Qian, Z.; Zhang, C.; Niu, Y.; Wang, Z.; Sun, J.; Zhang, X.; Yu, Y. The biological functions and clinical applications
of exosomes in lung cancer. Cell. Mol. Life Sci. 2019, 76, 4613—4633. [CrossRef]

Peng, X.-X.; Yu, R.; Wu, X.; Wu, S.-Y,; Pi, C; Chen, Z.-H.; Zhang, X.-C.; Gao, C.-Y,; Shao, Y.-W.; Liu, L.; et al. Correlation of plasma
exosomal microRNAs with the efficacy of immunotherapy in EGFR/ALK wild type advanced non-small cell lung cancer. J.
Immunother. Cancer 2020, 8, €000376. [CrossRef]

Del Re, M.; Marconcini, R.; Pasquini, G.; Rofi, E.; Vivaldi, C.; Bloise, F; Restante, G.; Arrigoni, E.; Caparello, C.; Bianco, M.G; et al.
PD-L1 mRNA expression in plasma-derived exosomes is associated with re-sponse to anti-PD-1 antibodies in melanoma and
NSCLC. Brit. . Cancer 2018, 118, 820-824. [CrossRef]

Boeri, M.; Milione, M.; Proto, C.; Signorelli, D.; Russo, G.L.; Galeone, C.; Verri, C.; Mensah, M.; Centonze, G.; Martinetti, A.; et al.
Circulating microRNAs and PD-L1 tumor expression are associated with survival in advanced NSCLC patients treated with
immunotherapy: A prospective study. Clin. Cancer Res. 2019, 25, 2166-2173. [CrossRef] [PubMed]

Shukuya, T.; Ghai, V.; Amann, ].M.; Okimoto, T.; Shilo, K.; Kim, T.-K.; Wang, K.; Carbone, D.P. Circulating miRNAs and
extracellular vesicle containing miRNAs as response biomarkers of anti PD-1/PD-L1 therapy in non small-cell lung cancer. J.
Thorac Oncol. 2020, 15, 1773-1781. [CrossRef]

Fan, J; Yin, Z.; Xu, J.; Wu, F; Huang, Q.; Yang, L.; Jin, Y.; Yang, G. Circulating microRNAs predict the response to anti-PD-1
therapy in non small cell lung cancer. Genomics 2020, 112, 2063-2071. [CrossRef]

Gabrilovich, D.I. Myeloid-Derived Suppressor Cells. Cancer Immunol. Res. 2017, 5, 3-8. [CrossRef]

Yang, Z.; Guo, ].; Weng, L.; Tang, W.; Jin, S.; Ma, W. Myeloid-derived suppressor cells—new and exciting players in lung cancer. J.
Hematol. Oncol. 2020, 13, 10. [CrossRef] [PubMed]

Yamauchi, Y.; Safi, S.; Blattner, C.; Rathinasamy, A.; Umansky, L.; Juenger, S.; Warth, A.; Eichhorn, M.; Muley, T.; Herth, E].E; et al.
Circulating and Tumor Myeloid-derived Suppressor Cells in Resectable Non-Small Cell Lung Cancer. Am. . Respir. Crit. Care
Med. 2018, 198, 777-787. [CrossRef] [PubMed]

Passaro, A.; Mancuso, P.; Gandini, S.; Spitaleri, G.; Labanca, V.; Guerini-Rocco, E.; Barberis, M.; Catania, C.; Del Signore, E.;
de Marinis, F; et al. Gr-MDSC-linked asset as a potential immune biomarker in pretreated NSCLC receiving nivolumab as
second-line therapy. Clin. Transl. Oncol. 2020, 22, 603-611. [CrossRef] [PubMed]

Condamine, T.; Dominguez, G.A.; Youn, J.-I.; Kossenkov, A.V.; Mony, S.; Alicea-Torres, K.; Tcyganov, E.; Hashimoto, A;
Nefedova, Y.; Lin, C.; et al. Lectin-type oxidized LDL recep-tor-1 distinguishes population of human polymorphonuclear
myeloid-derived suppressor cells in cancer patients. Sci. Immunol. 2016, 1, aaf8943. [CrossRef]

Kim, H.R,; Park, S.-M.; Seo, S.-U.; Jung, L.; Yoon, H.I,; Gabrilovich, D.I; Cho, B.C.; Seong, S.-Y.; Ha, S.-J.; Youn, J.-I. The Ratio of
Peripheral Regulatory T Cells to Lox-1+ Polymorphonuclear Mye-loid-derived Suppressor Cells Predicts the Early Response to
Anti—-PD-1 Therapy in Patients with Non-Small Cell Lung Can-cer. Am. |. Respir. Crit. Care Med. 2019, 199, 243-246. [CrossRef]
[PubMed]


http://doi.org/10.1056/NEJMoa040766
http://doi.org/10.1002/1873-3468.12662
http://doi.org/10.1586/14737159.2016.1121099
http://doi.org/10.1007/978-94-017-7215-0_21
http://doi.org/10.3389/fonc.2018.00311
http://www.ncbi.nlm.nih.gov/pubmed/30155443
http://doi.org/10.1186/s40425-019-0649-2
http://doi.org/10.1586/14737159.2016.1123095
http://www.ncbi.nlm.nih.gov/pubmed/26587751
http://doi.org/10.1016/j.lungcan.2018.04.001
http://doi.org/10.3390/cancers11060835
http://doi.org/10.1007/s00018-019-03233-y
http://doi.org/10.1136/jitc-2019-000376
http://doi.org/10.1038/bjc.2018.9
http://doi.org/10.1158/1078-0432.CCR-18-1981
http://www.ncbi.nlm.nih.gov/pubmed/30617131
http://doi.org/10.1016/j.jtho.2020.05.022
http://doi.org/10.1016/j.ygeno.2019.11.019
http://doi.org/10.1158/2326-6066.CIR-16-0297
http://doi.org/10.1186/s13045-020-0843-1
http://www.ncbi.nlm.nih.gov/pubmed/32005273
http://doi.org/10.1164/rccm.201708-1707OC
http://www.ncbi.nlm.nih.gov/pubmed/29617574
http://doi.org/10.1007/s12094-019-02166-z
http://www.ncbi.nlm.nih.gov/pubmed/31254252
http://doi.org/10.1126/sciimmunol.aaf8943
http://doi.org/10.1164/rccm.201808-1502LE
http://www.ncbi.nlm.nih.gov/pubmed/30339766

	Introduction 
	Peripheral Blood Cell Count: Lymphocytes, Neutrophils, Eosinophils, Monocytes, and Platelets Count 
	C-Reactive Protein (CRP) 
	Lactate Dehydrogenase (LDH) 
	Nutritional Status Biomarkers 
	Soluble PD-1/PD-L1 
	Blood Tumor Mutational Burden (bTMB) 
	IDO 
	Cytokines 
	Circulating Tumor Cell (CTC) 
	Exosomes 
	Circulating Neutrophils and Myeloid-Derived Suppressive Cells (MDSC) 
	Conclusions 
	References

