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Immune checkpoints inhibitors (ICIs) have markedly improved the therapeutic management of advanced NSCLC
and, more recently, they have demonstrated efficacy also in the early-stage disease. Despite better survival
outcomes with ICIs compared to standard chemotherapy, a large proportion of patients can derive limited
clinical benefit from these agents. So far, few predictive biomarkers, including the programmed death-ligand 1
(PD-L1), have been introduced in clinical practice. Therefore, there is an urgent need to identify novel bio-

markers to select patients for immunotherapy, to improve efficacy and avoid unnecessary toxicity. A deeper
understanding of the mechanisms involved in antitumor immunity and advances in the field of liquid biopsy have
led to the identification of a wide range of circulating biomarkers that could potentially predict response to
immunotherapy. Herein, we provide an updated overview of these circulating biomarkers, focusing on emerging
data from clinical studies and describing modern technologies used for their detection.

1. Introduction

Lung cancer remains the leading cause of cancer deaths worlwide,
with an estimated 1.8 million deaths every year (Sung et al., 2021). Over
the last decade, the management of lung cancer, mainly of non-small cell
lung cancer (NSCLC), that accounts for most lung cancer cases (about
85%), has been radically improved with the introduction for clinical use
of both molecularly targeted therapy and immunotherapy.

While targeted therapies represent the standard of care in NSCLC
patients with driver mutations, immune checkpoint inhibitors (ICIs) are
currently the cornerstone for treatment of those patients with non-
oncogene addicted NSCLC (Singh et al., 2023a, 2023b). These agents
include monoclonal antibodies specifically directed against inhibitory
molecules, the so-called immune checkpoints, including the pro-
grammed cell death 1 (PD-1) and its ligand (PD-L1) and the cytotoxic T
lymphocyte antigen-4 (CTLA-4), that are able to restore T-cell activity

againts cancer cells and enhance antitumor immunity. In several trials
conducted in patients with metastatic NSCLC, anti-PD-1/PD-L1 agents,
either alone or in combination with chemotherapy or with anti-CTLA-4
agents, have demonstrated to improve survival outcomes compared to
chemotherapy alone. ICIs have also shown notable efficacy for the
treatment of locally-advanced NSCLC and, more recently, they have
been assessed in the early-stage disease with positive results leading to
the approval of some anti-PD-1/PD-L1 drugs both in the adjuvant and
the neoadjuvant setting (Lazzari et al., 2023; Shields et al., 2021).
Unfortunately, despite significant and durable responses observed in
some patients, the majority derive only limited clinical benefit from ICIs,
and some can even experience an early disease progression (Goh et al.,
2023; Indini et al., 2021). Moreover, also in those patients initially
responding to these agents, resistance can finally occur during the
course of treatment, limiting their long-term use. Hence, in parallel with
an increasing number and clinical indications of ICIs approved, a great
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amount of studies have been carried out to identify effective predictive
factors, including molecular biomarkers, that could be useful to select
patients most likely benefiting from immunotherapy. The quest for
predictive biomarkers has become a huge priority to optimize the use of
ICIs and improve clinical efficacy in NSCLC patients. Currently, few
biomarkers, including PD-L1 expression, tumor mutational burden
(TMB), and microsatellite instability (MSI), as assessed by different as-
says, (Goh et al., 2023) have been approved by Food and Drug Adimi-
nistration (FDA) and implemented in clinical practice to predict
response to immunotherapy in patients with solid tumors. A positive
association between high PD-L1 expression level on tumor cells [defined
as Tumor Proportion Score (TPS), assessed by immunohistochemistry]
and response to ICIs, primarily when used as monotherapy in the
first-line setting of NSCLC, has been widely demonstrated (Borghaei
et al., 2015; Oitaben et al., 2022; Rizvi et al., 2015). Furthermore, the
TMB, defined as the total number of somatic mutations per megabase
detected in tumor genome, has also been correlated with response to
immunotherapy in different cancer types, including NSCLC, with high
TMB (10 muts/Mb by FoundationOne CDx assay) tumors having better
outcomes compared to tumors with low TMB (Cristescu et al., 2018;
Hofman et al., 2019; Kowanetz, et al., 2017). This can be explained by
the presence of more neoantigens enhancing the antitumor immune
response (Hellmann et al., 2018; Hellmann et al., 2019).

Nevertheless, the assessment of tumor tissue biomarkers in clinical
practice has some important limitations: a) the availability and acces-
sibility to tumor biopsies, since the existing companion diagnostic assays
require testing on tissue samples; b) the heterogeneity of tumor, that can
lead to a great variability in the evaluation of PD-L1 expression, TMB or
MSI, or other biomarkers, depending by the section of the tissue biopsy
analyzed; c) other potential underlying molecular mechanisms that can
be involved in ICI response and may not be evaluated (Hofman et al.,
2019; Liu et al., 2018; Oitaben et al., 2022). In order to bypass these
limitations, research has focused on the identification of novel bio-
markers, in particular those derived from liquid biopsy, that have been
largely investigated in the setting of targeted therapies for metastatic
NSCLC. Liquid biopsy refers to different tumor-derived components that
can be analyzed, including circulating tumor DNA (ctDNA), circulating
tumor cells (CTCs), extracellular vesicles (EVs) and micro-RNAs (miR-
NAs). The advantages of liquid biopsy include the minimal invasiveness
to obtain tumor samples (mainly blood), the possibility to perform
parallel testing of several biomarkers within a single sample and to
monitor tumor genomic changes over the course of treatment (Ignatiadis
et al., 2021; Oitaben et al., 2022; Santarpia et al., 2018). In early-stage
NSCLC, liquid biopsy, particularly ctDNA, offers the potential to assess
minimal residual disease (MRD) in patients undergoing radical surgery
and perioperative therapies in order to identify patients at higher risk of
disease recurrence with the aim of personalize treatment decisions.

Moreover, because of their crucial role in antitumor immune
response, other potential, emerging predictive biomarkers to immuno-
therapy include pro-inflammatory mediators, such as cytokines and
chemokines, and immune cells (Goh et al., 2023; Indini et al., 2021;
Oitaben et al., 2022).

The current review provides an updated overview of emerging
circulating biomarkers with a potential role in predicting ICI therapy
benefit in patients with advanced and early-stage NSCLC. We further
describe the different methods used for their identification, as well as
strengths and weaknesses of each biomarker that can limit the imple-
mentation in routine clinical practice.

2. Role of ICIs in the treatment of NSCLC

Immune checkpoint inhibitors (ICIs) are monoclonal antibodies that
inhibit the so-termed immune checkpoints, thereby improving the
response of immune cells and restoring the antitumor activity of cyto-
toxic T-lymphocytes to recognize and kill tumor cells (Pardoll, 2012).
Among the immune checkpoints used by the tumor to evade host
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immune system, the most known are PD-1/PD-L1 and CTLA-4, that have
been exploited for therapeutic approaches in NSCLC. Recent studies
have found novel immune checkpoints that can be successfully inhibited
by targeted agents, such as the Lymphocyte Activation Gene-3 (LAG-3),
T-Cell Immunoreceptor With Ig and ITIM Domains (TIGIT), T-Cell
Immunoglobulin and Mucin-Domain Containing-3 (TIM-3), and NK
Group 2 Member A (NKG2A), with encouraging results in NSCLC (Cho
et al., 2022; Herbst et al., 2022; Mamdani et al., 2022; Niu et al., 2022).

The first breakthrough in the use of ICIs in the treatment of NSCLC
was the approval of the PD-1 inhibitor nivolumab as second-line therapy
for patients with advanced NSCLC. In two landmark randomized trials,
nivolumab showed superior objective response rate (ORR) and overall
survival (OS) when compared to docetaxel in patients with advanced
NSCLC following progression on platinum-based chemotherapy (Bor-
ghaei et al, 2015; Brahmer et al, 2015). Afterwards, other
anti-PD-1/PD-L1 agents, including pembrolizumab and atezolizumab
were approved by the FDA for the same indication (Herbst et al., 2016;
Rittmeyer et al., 2017). The success of ICIs in second-line setting has
been the pioneer for their use as upfront treatment of advanced NSCLC.
Several phase III clinical trials showed durable responses and improve-
ment in OS with ICIs or ICI plus platinum-based chemotherapy
compared to chemotherapy alone, leading to a rapid expansion of
first-line treatment options for patients with advanced NSCLC not
harboring sensitizing EGFR mutations or ALK translocations (Gandhi
et al., 2018; Hellmann et al., 2019; Herbst et al., 2020; Paz-Ares et al.,
2021; Paz-Ares et al., 2018; Reck et al., 2016; Sezer et al., 2021; Socinski
et al., 2018). Currently, these options include different immunothera-
peutic agents directed against the PD-1/PD-L1 pathway, used as single
agents for NSCLC patients with PD-L1 TPS > 50%, or as combination
regimens with chemotherapy or with chemotherapy and anti-CTLA-4
drugs in the majority of patients, regardless of PD-L1 expression
(Singh et al., 2023b) (Table 1).

Based on remarkable results in the metastatic setting, the use of ICIs
in NSCLC has subsequently expanded to unresectable stage III and, more
recently, to early-stage NSCLC. In the randomized phase III trial PACIFIC
comparing durvalumab with placebo in patients with locally advanced
NSCLC who had non-progressive disease following concurrent chemo-
radiotherapy, durvalumab showed superior progression-free survival
(PFS) and OS, with durable efficacy (Antonia et al., 2017; Spigel et al.,
2017). In a phase III trial comparing atezolizumab with best supportive
care (BSC) in patients with resectable stage IB-IIIA NSCLC following
complete surgical resection and adjuvant platinum-based chemo-
therapy, atezolizumab was associated with higher disease-free survival
(DFS) (Felip et al., 2021). Similar results were observed in the phase III
PEARLS/KEYNOTE-091, that evaluated the efficacy of pembrolizumab
versus placebo in completely resected, pathologically confirmed stage
IB-IITA NSCLC patients, showing a significant prolonged DFS in the
overall population treated with pembrolizumab (O’Brien et al., 2022).
Based on these findings, FDA approved, on October 2021, adjuvant
atezolizumab in patients with stage II-IIIA and positive PD-L1 expres-
sion, without sensitizing EGFR mutations, following platinum-based
chemotherapy and, on January 2023, pembrolizumab for adjuvant
treatment following resection and platinum-based chemotherapy for
stage IB-IIIA NSCLC (FDA accessed on 22 November 2023). Recently, a
notable efficacy of neoadjuvant or perioperative immunotherapy, in
terms of improvement of pathological complete response (pCR), major
pathological response (MPR) and event-free survival (EFS), has emerged
from several phase II and III clinical trials testing immunotherapy,
chemo-immunotherapy, or dual ICIs (Lazzari et al., 2023). Based on
positive results from the Checkmate 816 trial, on March 2022, FDA
approved nivolumab with platinum-doublet chemotherapy for patients
with resectable NSCLC in the neoadjuvant setting (Provencio et al.,
2022) (FDA accessed on 22 November 2023). On October 2023, pem-
brolizumab with platinum-containing chemotherapy also received
approval by FDA as neoadjuvant treatment, with continuation of pem-
brolizumab as post-surgical adjuvant treatment for resectable stage
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Table 1
FDA/EMA approved ICIs in the neoadjuvant, adjuvant and first-line settings.
Target  Drug Indication Drug(s) Combined Pivotal study Line of therapy  U.S. FDA EMA
approval approval
PD-1 Pembrolizumab  Metastatic NSCLC without EGFR or ALK - Keynote-024 First October December
mutations and TPS > 50% NCT02142738 2016 2016
Metastatic squamous NSCLC Platinum and either Keynote-407 First October January
paclitaxel or nab- NCT02775435 2018 2019
paclitaxel
Metastatic non-squamous NSCLC Platinum and pemetrexed  Keynote-189 First August July
NCT02578680 2018 2018
Locally advanced (no possible definitive - Keynote-042 First April -
chemoradiation) or metastatic NSCLC NCT02220894 2019
without EGFR or ALK mutations and TPS >
1%
Neoadjuvant/ adjuvant treatment for Platinum- doublet Keynote-671 Neoadjuvant/ October -
resectable stage II, IIIA, or IIIB (N2) NSCLC ~ chemotherapy NCT03425643 adjuvant 2023
(neoadjuvant)
Pembrolizumab single
agent (adjuvant)
Adjuvant treatment for stage IB (T2a Platinum-doublet Pearls/Keynote- Adjuvant January September
>4 cm), I, or IIIA NSCLC following chemotherapy 091 NCT02504372 2023 2023
resection and platinum-based
chemotherapy

Nivolumab Metastatic or recurrent NSCLC without Ipilimumab and two CheckMate-9LA First May November

EGFR or ALK mutations cycles of platinum-doublet =~ NCT03215706 2020 2020
chemotherapy

Metastatic NSCLC without EGFR or ALK Ipilimumab CheckMate-227 First May -

mutations and PD-L1 > 1% NCT02477826 2020

Neoadjuvant treatment for resectable Platinum-doublet CheckMate-816 Neoadjuvant March 2022 March

NSCLC chemotherapy NCT02998528 2023

Cemiplimab Locally advanced (no possible definitive - Empower-Lung1 First February May 2021
chemoradiation) or metastatic NSCLC NCT03088540 2021
without EGFR or ALK mutations and TPS >
50%

Locally advanced (no possible definitive Platinum-based Study 16113/ First November February

chemoradiation) or metastatic NSCLC chemotherapy Empower-Lung3 2022 2023

without EGFR, ALK or ROS-1 mutations NCT03409614

PD-L1 Atezolizumab Advanced non-squamous NSCLC Bevacizumab, paclitaxel IMpower 150 First December January

and carboplatin NCT02366143 2018 2019

Metastatic non-squamous NSCLC without Nab-paclitaxel and IMpower 130 First December July 2019

EGFR or ALK mutations carboplatin NCT02367781 2019

Metastatic NSCLC with PD-L1 expression*” - IMpower 110 First May 2020 March 2021

without EGFR or ALK mutations NCT02409342

Adjuvant treatment of stage II to IIIA Platinum-doublet IMpower010 Adjuvant October April 2022

NSCLC whose tumors have PD-L1 chemotherapy NCT02486718 2021

expression > 1%

Durvalumab Unresectable stage II NSCLC who have not - Pacific First February September
progressed following platinum- based NCT02125461 2018 2018
chemoradiotherapy
Metastatic NSCLC without EGFR or ALK Tremelimumab and Poseidon First November June 2023
mutations platinum-based NCT03164616 2022

chemotherapy
CTLA- Ipilimumab Metastatic or recurrent NSCLC without Nivolumab and 2 cycles of ~ CheckMate-9LA First May 2020 November
4 EGFR or ALK mutations platinum-doublet NCT03215706 2020
chemotherapy
Metastatic NSCLC without EGFR or ALK Nivolumab CheckMate-227 First May 2020 -
mutations and PD-L1 > 1% NCT02477826

Tremelimumab Metastatic NSCLC without EGFR or ALK Durvalumab and Poseidon First November June 2023

mutations platinum-based NCT03164616 2022

chemotherapy

Abbreviations: ALK: anaplastic lymphoma kinase; EGFR: epidermal growth factor receptor; EMA: European Medicines Agency; NSCLC: non-small cell lung cancer;
PD-L1: Programmed death-ligand 1; ROS-1: Proto-Oncogene 1 Receptor Tyrosine Kinase; TPS: tumor propotion score; U.S. FDA: United States Food and Drug
Administration.

“ PD-L1 stained > 50% of tumor cells (TC > 50%) or PD-L1 stained tumor-infiltrating immune cells (IC) covering > 10% of the tumor area (IC > 10%).

# The EMA indication is limited to patients with locally advanced (no possible definitive chemoradiation) or metastatic NSCLGC without EGFR or ALK mutations and
PD-L1 expression > 1%.

§ PD-L1 espression > 1%.

II-I1IB (N2) NSCLC (Table 1). Given these findings, several other trials
are ongoing to assess the efficacy of ICIs administered in the perioper-
ative setting as part of a multimodality therapeutic approach (Lazzari
et al., 2023). Despite their large clinical use in NSCLC patients, the
molecular and immunological mechanisms underlying sensitivity or
resistance to ICIs remain to be fully elucidated, thus highlighting the

urgent need for reliable predictive biomarkers. In this context, emerging
blood-based biomarkers have been described, and others are currently
under investigation, that may be useful to select those patients most
likely benefiting from immunotherapy.
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3. Circulating biomarkers and role of liquid biopsy in their
evaluation

In the era of precision medicine, liquid biopsy has been rapidly
implemented in clinical practice to personalize treatment of patients
with different tumor types (Kwapisz, 2017). As commented above, with
the term “liquid biopsy” a plethora of different analytes, including
circulating cell-free DNA (cfDNA), circulating tumor derived nucleic
acids (ctDNA), extracellular vesicles (EVs), circulating tumor cells
(CTCs), and small RNAs shed in torrent blood, are grouped. (Malapelle
et al., 2021; Rolfo et al., 2018) (Fig. 1)

Moreover, liquid biopsy-derived biomarkers may be also collected
from alternative biological fluids (e.g. saliva, urine, sperm, tears and
cerebrospinal fluid) covering with the term liquid biopsy all biological
matrix where analytes may be isolated and purified (Crowley et al.,
2013). Noteworthy, liquid biopsy testing is clinically approved by in-
ternational societies that recommend its use when gold standard tissue
specimen is inadequate for molecular analysis (Han et al., 2017; Hirsch
et al.,, 2010; Kimura et al., 2007; Wu et al., 2015). As regards, cfDNA
purified from plasma consists of the only liquid biopsy-derived
biomarker available in routine diagnostic staging. (Han et al., 2017;
Kimura et al., 2007). Clinical trials established the role of cfDNA guiding
the clinical treatment of NSCLC prior any treatment when tissue spec-
imen is unavailable both for morphological and molecular evaluation. In
addition, plasma is also approved for detecting EGFR acquired resistance
mutation (p.T790M) after first-line therapy with first- or
second-generation TKIs (Mok et al., 2017; Mok et al., 2009). Recently,
KRAS p.G12C hot spot mutations have radically modified the clinical
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paradigm for the management of NSCLC patients. In fact, small mole-
cules specifically and irreversibly inhibiting KRAS p.G12C are investi-
gated (Janne et al., 2022; Skoulidis et al., 2021). Of note, Sotorasib was
approved by the FDA to treat NSCLC patients that harbor p.G12C
detectable in tissue or plasma specimens (Skoulidis et al., 2021). Inter-
estingly, as previously commented, liquid biopsy is able to dynamically
evaluate tumor molecular profile thanks to a less invasive sampling
approach and a fully comprehensive molecular assessment overcoming
tissue specimen heterogeneity (Malapelle et al., 2022). Despite of these
pivotal aspects, liquid biopsy is affected by some challenging like as high
rate of false negative cases, not easily managing pre-analytical proced-
ures and clonal hematopoiesis (Bonanno et al., 2022; Rijavec et al.,
2019). In this scenario, highly sensitive technologies are required to
successfully carry out molecular analysis from low representative
circulating biomarkers in torrent blood. Among these, digital polymer-
ase chain reaction (dPCR) and next generation sequencing technologies
(NGS) play a pivotal role in the molecular analysis of these analytes
(Desai and Lovly, 2023; Malapelle et al., 2017). To date, several
commercially available assays are adopted for molecular testing of
blood-based biomarkers. Among them, FDA approved as companion
diagnostic test two plasma based NGS assays (Guardant360 and Foun-
dation One Liquid CDx) enabling the evaluation of actionable driver
gene mutations in NSCLC patients (Chan et al., 2022). Conversely, Eu-
ropean Medicine Agency (EMA) established companion diagnostic bio-
markers listing all druggable biomarkers that can be analyzed with
several validated assays (Orellana Garcia et al., 2021). Circulating bio-
markers from liquid biopsy are not currently used in clinical practice to
stratify NSCLC patients based on their sensitivity to ICIs. However, a

Circulating Tumor Cells
(CTCs)

% Circulating Tumor DNA

DD | (ctDNA)
DOV
T\ Circulating
P microRNAs
I (miRNAs) and
T long non-coding

RNAs (IncRNAs)

Extracellular
vesicles (EVs)

/

/

Peripheral immune cells

Fig. 1. In clinical practice liquid biopsy has been rapidly implemented. In NSCLC, liquid biopsy can be used to better stratify patients in order to select optimal
therapy, avoiding invasive procedures. The main analytes that have demonstrated a potential predictive role of response to immunotherapy in NSCLC are circulating
tumor cells (CTCs), circulating tumor DNA (ctDNA), circulating microRNAs (miRNAs) extracellular vesicles (EVs), peripheral immune cells and peripheral cytokines

and chemokines.
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large number of studies are ongoing to evaluate their prognostic and
predictive role in different settings of disease. Particularly, cfDNA has
recently emerged as a potential biomarker that could be used to predict
and monitor the response to ICI therapy in metastatic- and
early-stage-NSCLC (see below).

4. Circulating Tumor DNA (ctDNA)

Overall, ctDNA represents a small fraction (5.0-10.0%) of cfDNA
directly and/or indirectly relapsed in blood by tumor cells. Shedding
mechanisms are dependent from several factors including tumor burden,
tumor stage and other unknown mechanisms impacting on this point.
(Bettegowda et al., 2014; Markus et al., 2022). Of note, ctDNA length
ranges from 50 to 150 bp being characterized by shorter DNA fragments
than non-tumoral cfDNA and it may be specifically detected in plasma
on the basis of this parameter or by evaluating tumor-related driver
alterations (Markus et al., 2022). In accordance with low ctDNA amount
in peripheral blood, ultra-sensitive methods are recommended for
ctDNA molecular profiling. In this list, NGS RT-PCR and dPCR are
routinely adopted to identify clinically valuable molecular alterations in
diagnostic routine patients (Rolfo et al., 2021). Interestingly, ctDNA is
actually considered the most promising biomarker to predict ICIs
response in NSCLC patients. A prospective series of clinical patients were
analyzed to investigate how ctDNA levels impact on immune-mediated
response (Cabel et al., 2017). A comprehensive series of melanoma and
colorectal cancer patients treated with nivolumab or pembrolizumab in
monotherapy with undetectable ctDNA levels after 8 weeks
post-treatment demonstrated a statistically significant benefit from
anti-PD-1 drugs in terms of PFS (HR = 10.2; 95% CI: 2.5-41, p < 0.001)
and OS (HR= 15; 95% CI: 2.5-94.9, p = 0.004). Interestingly, RT-PCR
based systems [bidirectional pyrophosphorolysis-activated polymeriza-
tion PCR (Bi-PAP) or digital droplet PCR (ddPCR) were adopted to
measure mutant allele frequency (MAF) levels in previously detected
cancer related genes while a target NGS approach, able to simulta-
neously cover hot spot regions in 39 cancer related genes, was
approached when molecular records were unavailable at basal setting
(Cabel et al., 2017).

The rationale behind the implementation of ctDNA as prognostic
and/or predictive biomarker in lung cancer patients receiving ICIs could
rely on the correlation between ctDNA plasma levels and clinical effi-
cacy (Goldberg et al., 2018). A longitudinal series of ctDNA samples
from 28 advanced NSCLC patients under ICI treatment showed that a
>50% decreasing level of ctDNA in comparison with baseline samples
significantly correlated with high OS rate (HR = 0.17, p = 0.007)
(Goldberg et al., 2018). In a similar experience, Anagnostou et al.,
evaluated ctDNA decreasing rate and T-cell expansion in a prospective
series of 24 lung cancer patients (Anagnostou et al.,, 2019). They
customized a targeted error-correction sequencing system (TEC-Seq)
aimed to detect low frequency molecular alterations in 12 cancer related
genes to monitor molecular response in NSCLC patients treated with
ICIs. Statistically relevant lower PFS and OS were demonstrated in
NSCLC patients with stable cfDNA levels (14 out of 19 NSCLC patients
with a median MAF of 1.87%) than cfDNA decreasing rate (7 out of 14
NSCLC patients with with a median MAF of 0.34%) (5.2 vs. 14.5 and 8.4
vs. 18.7 months; HR= 5.36; 95% CI: 1.57-18.35; p = 0.007 and HR=
6.91; 95% CI: 1.37-34.97; p = 0.02, respectively); similarly, T cell re-
ceptor (TCR) molecular analysis also revealed that T-cell expansion level
mimic ctDNA variations in accordance with clinical response to ICIs
(Anagnostou et al., 2019). These results lay the basis for a clinical trial
(NCT04203095) investigating the pivotal role of cfDNA as early pre-
dictor of clinical benefit from ICIs. A low pass whole genome sequencing
system revealed an early cfDNA clearance in responder lung cancer
patients (8 out of 11, 72.7%) compared with the non-responder group (7
out of 8, 87.5%). (Zheng et al., 2020).

As we have commented, appealing data are coming from long-term
analyses of trials with immunotherapy in the locally advanced setting
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and from recent results of trials with perioperative immunotherapy. In
the early-stage disease, the use of reliable biomarkers is urgently needed
to identify patients at higher risk of relapse and who may or not benefit
from neo/adjuvant treatment strategies. Moreover, modifications in
cfDNA could have the potential to precede radiologic relapses, theraby
anticipating the administration of effective treatments. On a series of
218 peripheral blood specimens from unresectable stage IIB-IIIB NSCLC
patients, Moding et al. highlighted that undetectable ctDNA level in
NSCLC patients after concomitant chemoradiation (CRT) correlated
with a major clinical benefit in terms of freedom from progression (FFP)
(0% and 100% in undetectable and detectable baseline ctDNA NSCLC
patients, respectively). In addition, NSCLC patients showing measurable
ctDNA level under ICI treatment also had 0% of FFP at 12 months in
comparison with 87.5% for NSCLC patients with undetectable ctDNA
(p< 0.0001, HR = 84.4, 95% CI: 12.3-579.9), demonstrating its prog-
nostic value. Another important findings was that in those patients with
undetectable ctDNA after the CRT, there was not a statistically signifi-
cant difference in FFP between patients receiving consolidation immu-
notherapy and those who did not receive treatment. This evidence may
suggest it could be a biomarker to be used by clinicians to spare a sub-
group of patients from consolidation therapy thereby avoiding potential
toxicities. Of note, an ultra deep NGS based approach (CAPP-Seq),
enabling to detect a minimum MAF level of 0.001% starting from 10 ng
of input material, was used in this study.

In the work by Anagnostou et al., in the cohort of patients with early-
stage NSCLC, all tumors with a major or partial pathologic response to
neoadjuvant nivolumab demonstrated a molecular response pattern of
elimination of ctDNA (Anagnostou et al., 2019).

In the phase III CheckMate 816 trial comparing neoadjuvant nivo-
lumab plus platinum-based chemotherapy versus chemotherapy, the
analysis of ctDNA was performed by using a tumor-guided personalized
ctDNA panel for whole-exome sequencing (ArcherDX Personalized
Cancer Monitoring). In an exploratory analysis, clearance of ctDNA,
defined as presurgery change from detectable levels of ctDNA before
cycle 1 to undetectable ctDNA before cycle 3, was higher in the nivo-
lumab arm and correlated with higher EFS and pCR in both treatment
arms, suggesting it may be an early predictor of favorable outcomes
(Forde et al., 2022). In the phase II NADIM trial of neoadjuvant nivo-
lumab plus platinum-based chemotherapy in resectable stage IIIA or IIIB
NSCLC, baseline ctDNA levels, assessed by hybridization capture-based
TruSight Oncology 500 ctDNA NGS assay on a NovaSeq sequencer
(MMlumina), were associated with differences in PFS and OS. Overall, 18
of 27 patients (67%) in the experimental group and 4 of 9 patients (44%)
in the control group were ctDNA negative after neoadjuvant treatment
(Provencio et al., 2023).

Liquid biopsy plays a crucial role in detecting specific molecular
hallmarks (molecular alterations, epigenetic modifications) able to
predict sensitivity to ICIs. It has been shown that PTEN or STK11 path-
ogenetic mutations early detectable in baseline liquid biopsy samples
drastically impacted on disease progression in lung cancer patients
treated with ICIs (HR = 8.9, p = 0.09 for PTEN; HR = 4.7, p = 0.003 for
STK11) (Guibert et al., 2019; Pavan et al., 2021). Moreover, transversion
mutations (conversion between purine and pyrimidine) in KRAS and
TP53 correlated with improved clinical outcome (Pavan et al., 2021). Of
note, in a study using a wide NGS assay (Guardant360® test; Redwood
City, CA 94063, United States), co-occurring KRAS/STK11 and
KRAS/STK11/TP53 molecular alterations decreased clinical benefit in
terms of OS (HR =10.936, 95% CL: 2.337-51.164, p=0.002; HR
=17.609, 95% CI: 3.777-82.089, P<0.001, respectively) (Pavan et al.,
2021). In the same direction, Zhu et al. demonstrated lower OS in pa-
tients under atezolizumab treatment harboring KEAP1/NFE2L2 func-
tional impacting mutations in comparison with wild-type patients (Zhu
et al., 2021). Remarkably, ctDNA based methylation profile should be
investigated to define functional activity of cancer-related genes.
Aberrant methylation signatures frequently occur in cancer cells dis-
tinguishing them from normal cell population. In addition, methylation
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patterns are specifically investigated to track tumor evolution and tumor
origin from non-neoplastic cells (Goh et al., 2023; Keller et al., 2021). To
date, it has been certainly established the identification of specific
methylation profiles in genes playing a pivotal role in cancer develop-
ment for NSCLC patients clinically sensitive to ICIs (Cho et al., 2020;
Duruisseaux et al., 2018). In fact, two distinct experiences on
tissue-based analysis highlighted statistically significant unmethylated
status of FOXP1 and hypomethylation status of CYTIP and TNFSF8 in
NSCLC patients who clinically responded to ICIs (Cho et al., 2020;
Duruisseaux et al., 2018). In this scenario, a prospective analysis of
liquid biopsy samples from 64 NSCLC patients integrating genomic
mutational signature (EGFR, KRAS, TP53, PI3KCA and BRAF, c-Met,
amplification of HER2, and MSI status) and methylation profile revealed
a new strategy to predict OS in a real-world series of NSCLC cases (Guo
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et al., 2020). Recently, TMB has been investigated to selectively identify
NSCLC patients responding to ICIs. Blood TMB (bTMB) has been widely
explored in a large number of trials (Ba et al., 2021; Marabelle et al.,
2020; Sholl et al., 2020). Interestingly, TMB score is calculated adopting
a wide NGS assay integrating genomic analysis with statistics algorithms
able to measure the number of non-synonymous mutations/megabases.
(Buttner et al., 2019; Pepe et al., 2021). In this scenario, FDA approved
the Foundation One Liquid CDx panel, integrating hotspot analysis in
394 cancer related genes, MSI status and score, for molecular analysis of
liquid biopsy specimens from NSCLC patients (Woodhouse et al., 2020).
The Foundation One Liquid CDx panel was approached to calculate
bTMB in two retrospective clinical trials (POPLAR and OAK) focused on
the identification of novel biomarkers able to predict response to ICIs on
liquid biopsies (Fehrenbacher et al., 2016; Rittmeyer et al., 2017). By

Table 2
List of the main technical approaches available to evaluate liquid biopsy derived biomarkers.
Circulating Technical approach Platform (N°® genes) Application (N° patients) Reference
biomarker
ctDNA RT-PCR, dPCR 7500 Fast Real-Time PCR System (Life Early ICIs response monitoring (N=15 NSCLC) Cabel et al., 2017
technologies); QX100 system (Biorad)
NGS HiSeq2500 (Illumina) (N= 24 genes) Early ICIs response monitoring (N=28) Goldberg et al.,
2018
NGS HiSeq2500 (Illumina) (N= 12 genes) ICIs response monitoring (N=24) Anagnostou et al.,
2019
NGS NextSeq 500 (Illumina) (N= 36 genes) Prediction of response to ICIs (N=97) Guibert et al.,
2019
NGS HiSeq2500 (Illumina) (N= 73 genes) Ion S5 plus  Prediction of response to ICIs (N=103) Pavan et al., 2021
(59 genes)
Methylation array Methylation EPIC Array 850,000 CpG sites Predictive role of methylation pattern in patients Cho et al., 2020
undergoing ICI treatment (N=18)
Methylation array EPIMMUNE (863 904 CpG sites) Predictive role of methylation pattern in patients Duruisseaux et al.,
undergoing ICI treatment (N=142) 2018
NGS-+Methylation array Custom panel (90 genes) MethylMiner kit Prognostic and predictive role of methylation pattern Guo et al., 2020
in patients undergoing ICI treatment (N=64)
NGS HiSeq2500 (Illumina) (N= 68 genes) Predictive role of bTMB in patients undergoing ICI Chae et al., 2019
treatment (N=136)
NGS HiSeq2500 (Illumina) (N= 500 genes) Prediction response to ICIs by evaluating bTMB Aggarwal et al.,
(N=66) 2020
NGS HiSeq4000 (N= 270 genes) Early prediction of ICIs response integrating mutation ~ Nabet et al., 2020
analysis and bTMB (N=99)
CTCs Cell counting DAPI+/CDA45- staining PD-L1 expression on CTCs to predict response to ICIs Guibert et al.,
(N=96) 2019
Cell counting CellSearch system (Menarini) PD-L1 expression on CTCs to predict response from Dall’Olio et al.,
ICIs (N=39) 2021
Cell counting DAPI+/CDA45- staining Prognostic role of CTCs in patients undergoing ICI Nicolazzo et al.,
treatment (N=24) 2016
Cell counting DAPI+/CDA45- staining Predictive role of CTCs in ICIs administration (N=97)  Janning et al.,
2019
Circulating Technical approach Platform (N° miRNAs analyzed) Application (N° patients) Reference
biomarker
NGS NextSeq 500 (Illumina) Predictive role of miRNAs in patients undergoing ICI Halvorsen et al.,
(N=7) treatment (N=20) 2018
RT-qPCR Custom Taq Array MicroRNA Card (Thermo Prognostic role of miRNAs in patients undergoing ICI Boeri et al., 2019
Fisher Scientific) (N=24) treatment (N=140)
RT-qPCR 7900HT Fast Real-Time PCR System (Applied Predictive role of miRNAs in patients undergoing ICI Fan et al., 2020
Biosystems) (N=10) treatment (N=80)
miRNAs RT-qPCR ViiA 7 Real-Time PCR System (Applied Prognostic and predictive role of miRNAs in patients Monastirioti et al.,
Biosystems) undergoing ICI treatment (N=69) 2022
(N=6)
NGS HiSeq2500 (Illumina) Predictive role of miRNAs in patients undergoing ICI Costantini et al.,
(N=2) treatment (N=43) 2018
NGS HiSeq4000 (Illumina) Predictive role of miRNAs in patients undergoing ICI Peng et al., 2020
(N=3) treatment (N=30)
ELISA (Exosomal PD-L1, Invitrogen human PD-L1 ELISA Kit Predictive role of ExoPD-L1 in patients undergoing ICI ~ Wang et al., 2022
ExoPD-L1 treatment
(N=149)
EVs ELISA SimoaTM PD-L1 Reagent Kit (Quanterix Corp, Prognostic role of Exo PD-L1 in patients undergoing Yang et al., 2021
Lexington, MA). ICI treatment(N=21)
ELISA DB7H10, ELISA Quantikine PD-L1/ B7H1 Prognostic role of ExoPD-L1 in combination with CTCs Eslami et al., 2024

Human/Cynomolgus Monkey, R&D Systems

in NSCLC (N=54)

CTCs, circulating tumor cells; ctDNA, circulating tumor DNA; ELISA, enzyme-linked immunosorbent assay; EV, extracellular vesicles; ICIs, immune checkpoint in-
hibitors; miRNAs, micro-RNAs; NGS, next generation sequencing; NSCLC, non-small cell lung cancer; RT-qPCR, quantitative reverse transcription polymerase chain

reaction.
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considering a bTMB cut-off of >16 mutations/Mb, NSCLC patients under
atezolizumab treatment showed a clinical benefit in terms of PFS in
comparison with the control group (Gandara et al., 2018). Of note, the
authors also highlighted an improvement in PFS and ORR extending
molecular stratification to NSCLC patients treated with anti-PD1/PD-L1
drugs (bTMB > 6 mutations/Mb) (Wang et al., 2019). Moreover, bTMB
was matched with tTMB in 56 NSCLC patients by using OncoScreen
(Burning Rock Biotech, Guangzhou, China) panel. Bioinformatic pipe-
line set up a bTMB cut-off (>11 mutations/Mb) demonstrating a sta-
tistically significant benefit (PFS = 5.8 months versus. 2.0 months,
p = 0.0029) in NSCLC patients bTMB positive in comparison with low
bTMB patients (Chen et al., 2021).

Remarkably, bTMB calculation was also affected by heterogeneous
technical cut-off among clinical trials investigating the predictive role of
bTMB to ICIs. In a phase 3 randomized clinical trial investigating the
clinical outcome of NSCLC patients treated with durvalumab plus
tremelimumab, bTMB > 20 was selected to stratify NSCLC patients
exhibiting a positive OS (21.9 months; 95% CI: 11.4-32.8) versus
chemotherapy (median OS = 10.0 months; 95% CI: 8.1-11.7) (Kim
et al., 2022; Rizvi et al., 2020). In this context, encouraging results were
acquired by the implementation of bTMB in clinical stratification of
NSCLC patients sensitive to ICIs but opening challenges like as the lack
of standardized technical parameters and bioinformatic pipelines reduce
the availability of bTMB in the diagnostic setting (Chae et al., 2019). To
overcome these limitations, the integration between bTMB and ctDNA is
currently under investigation. Aggarwal et al. observed a statistically
significant PFS improvement (HR=0.24 p<0.001) and OS (HR=0.31 p
=0.009) in NSCLC patients that harbor bTMB > 16 mutations/Mb with
concomitant wild-type status in clinically relevant genes
(STK11/KEAP1/PTEN and HER2 exon 20) modulating first-line ICI
therapy response (Aggarwal et al., 2020). In another study, the authors
developed a multiparametric model integrating bTMB score and
normalized ctDNA levels carried out by CAPP-Seq technology and WES
approach, respectively, to predict response to ICIs in a retrospective
series of lung cancer patients (Nabet et al., 2020) (Table 2).

At the sight of these relevant data, further investigations are required
to harmonize analytical procedures for the clinical implementation of
blood-based biomarkers in the management of NSCLC patients.

5. Circulating Tumor Cells (CTCs)

Overall, CTCs originate from primary lesions and may be counted in
the peripheral blood at very low percentage (1-10 CTCs per 10 mL of
blood or ~1-100 CTCs per 10° blood cells). It has been observed that
CTCs are released in blood as a primary mechanism to promote meta-
static invasion (Hou et al., 2013; Williams, 2013). Of note, CTCs harbor
specific molecular hallmarks (in terms of genomic, transcriptomic, and
proteomic profile) able to distinguish CTCs from non-tumoral cells
(Manjunath et al., 2019). Genomic and proteomic information may play
a pivotal role in guiding diagnostic, prognostic and therapeutical stra-
tegies for tumor patients (Capuozzo et al., 2023). Particularly, CTCs
amount at baseline was investigated as a prognostic biomarker in NSCLC
patients treated with ICIs (Sim et al., 2018). In a prospective series of 96
NSCLC patients, baseline PD-L1 expression on CTCs was successfully
carried out in 93.0% of patients showing a positive signal in 83.0% of
cases vs 41.0% of matched tissue samples (Guibert et al., 2018). Inter-
estingly, high CTC number was observed in patients exhibiting the worst
clinical outcome (HR= 1.06, p = 0.03 for OS; HR= 1.05, p = 0.02 for
PFS) (Guibert et al., 2018). Dall’Olio et al. stratified 39 NSCLC patients
who received ICI therapy in accordance with CTCs detectability in
matched blood specimens (no CTC detectable, positive CTC and
PD-L1-negative CTC patients) (Dall’Olio et al., 2021). Results high-
lighted a different outcome across these groups with a median OS of 2.2
months, (95% CI: 0.8-3.6), 3.7 months, (95% CI: 0.1-7.5 (95% CIL
0.13-0.83; p =.019) and 16.0 months, (95% CL: 2.2-29.8 HR= 0.17;
95% CI: 0.06-0.45; p <0.001) in PD-L1 negative, positive and CTCs not
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detectable patients, respectively (Dall’Olio et al., 2021). Moreover,
PD-L1+ CTC counting also revealed to be a prognostic stratification tool
for NSCLC patients. By adopting a statistically significant technical
cut-off for measuring CTC in blood (>1%), a PFS <6 months (p = 0.04)
was observed in the "non-responders" group (Guibert et al., 2018). In a
similar experience, stable CTC levels in a longitudinal series of plasma
specimens at different timing points (baseline, 3 months and 6 months
post-treatment) highlighted a statistically significant worse clinical
outcome (Nicolazzo et al., 2016). Another study by Janning et al.,
focused on the negative predictive value of CTCs after first- or
second-line ICI therapy in NSCLC patients. Briefly, PD-L1+ CTCs
increasing levels were identified in non-responder patients treated with
ICIs compared with responders that harbored stable or decreasing
PD-L1+CTCs levels (n = 11; p = 0.001) (Janning et al., 2019). As pre-
viously described, the most critical issue for the implementation of CTCs
analysis in the clinical management of NSCLC patients is represented by
the heterogeneous expression of PD-L1, the heterogeneous concentra-
tion of CTCs in peripheral blood across tumor patients, and the lack of
standardized procedures enabled to isolate and molecularly characterize
CTCs (Goh et al., 2023; Strati et al., 2023) (Table 2).

6. Circulating MicroRNAs (miRNAs)

MicroRNAs (miRNAs) are small non-coding oligonucleotides (<200
nucleotides) with regulatory capacity, that can be found, in addition to
tumor tissues, free in body fluids or inside extracellular vesicles, such as
exosomes, where they are protected from degradation (Oitaben et al.,
2022). Through their complementary binding to messenger RNA
(mRNA), they can modulate the translation process. The expression
patterns of miRNAs in cancer cells are very different from those of
normal cells, which can explain many of the abnormal processes in tu-
mors such as tumor growth, angiogenesis, or immune evasion (Baek
et al., 2008). Tumor-derived miRNAs have been shown to affect the
composition of the tumor microenvironment (Suzuki et al., 2015), and
this may be essential in the crosstalk between tumor cells and immune
cells (Kuninty et al., 2016). For example, miR-34a has been shown to
suppress PD-L1 expression via p53 regulation (Cortez et al., 2016),
miR-200b and miR-200c, via the miR-200/ZEB1 axis, negatively regu-
late the process of Epithelial-mesenchymal transition (EMT) and
metastasis (Chen et al., 2014). MiR-146a (Lu et al., 2010), and miR-155
(Kohlhaas et al., 2009) play a critical role in the development of lym-
phocytes Tregs, while miR-223 participates in the process of myeloid
cell proliferation and differentiation (El Gazzar, 2014).

Based on this evidence, several studies have analyzed the role of
circulating miRNAs in patients with NSCLC in order to identify whether
some of them could represent positive or negative predictive factors for
the response to ICI therapy (Boeri et al., 2019; Fan et al., 2020; Hal-
vorsen et al., 2018; Monastirioti et al., 2022; Rajakumar et al., 2022).

Halvorsen et al. identified a sequence of seven microRNAs (miR-
215-5p, miR-411-3p, miR-493-5p, miR-494-3p, miR-495-3p, miR-
548j-5p and miR-93-3p) in the serum of 51 NSCLC patients treated with
nivolumab that were significantly associated to an increased OS (Hal-
vorsen et al., 2018). Boeri et al., in their study, analyzed a panel of
miRNAs, defined as miRNA signature classifier (MSC), composed of
several miRNAs (miR-16-5p, miR-451a, miR-486-5p and miR-92a-3p,
miR-126-5p, miR —15b-5p, miR-221-3p and miR-30b-5p) in combina-
tion with PD-L1 expression in 140 advanced NSCLC patients treated
with ICIs, showing that an intermediate- or low-risk levels in MSC
and/or PD-L1 expression of 50% were correlated to higher ORR (p =
0.0024), and both PFS and OS (p < 0.0001) while an high risk level was
associated to a reduction in survival (Boeri et al., 2019). Fan et al.
identified a panel of miRNAs (miR-93, miR —138 to 5p, miR-200,
miR-27a, miR-424, miR-34a, miR-28, miR-106b, miR-193a-3p,
miR-181) significantly related to a better response to nivolumab in pa-
tients with NSCLC (Fan et al., 2020). However, in another study by
Monastirioti et al., high miR-200 levels were associated with reduced OS
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(Monastirioti et al., 2022).

Costantini et al., also found that advanced NSCLC patients treated
with nivolumab characterized by a down-expression in miRNA-320b
and —375 showed a significant clinical benefit (i.e., complete or par-
tial response). They also showed that miRNA-320b was associated with
proliferation genes such as MYC, TUBB1, and miRNA-375 with immune-
related genes such as JAK2, TGF-p2, the Wnt/f-catenine (FZD4, FZD8),
and the Hippo pathway (YAP1), which are all known to be involved in
ICIs resistance mechanisms (Costantini et al., 2018).

In a study by Peng et al., evaluating 30 advanced NSCLC patients
treated with immunotherapy, three types of exosomal miRNAs were
examined: hsa-miR-320d, hsa-miR-320c, and hsa-miR-320b. Patients
who progressed during treatment had high baseline levels of all three
miRNAs. Moreover, they found that all patients with response to anti-
PD-1 had downregulation of hsa-miR-125b-5p (Peng et al., 2020)
(Table 2).

The above-mentioned results support that circulating miRNAs could
be used as non-invasive biomarkers for predicting the response to ICI
treatment in NSCLC patients and for disease management in clinical
practice. However, some limitations must be considered, such as the lack
of consensus in isolation methods, the heterogeneity of the studies, and
the use of small cohorts of patients, raising the need for external
validation.

6.1. Circular RNAs

Some circular RNAs (circRNAs) which belong to a class of regulatory
RNAs characterized by a covalently closed circular structure, have
recently been identified and studied (Awasthi et al., 2018; Kristensen
et al., 2019). They are generated by the "backsplicing" of exons in the
precursor mRNA (Kristensen et al., 2019) and are able to modulate the
activity of miRNAs, functioning as a sponge for the latter (Awasthi et al.,
2018). An example is the circRNA CDR1las/ciRS-7 which contains 74
binding sites for miR-7 (Awasthi et al., 2018). Some studies have
revealed the potential effects of circRNAs in various biological pro-
cesses, such as cardiovascular disease (Li et al., 2020), immunity (Liu
et al.,, 2019), and cancer (Goodall and Wickramasinghe, 2021). In
particular, a recent clinical and preclinical study showed that an
increased expression of a circRNA, circHMGB2 (hsa_circ_0071452), in
surgical lung samples from operated NSCLC patients represented an
independent indicator of poor prognosis in these patients. In vivo, in
mouse models, circHMGB2 has been shown to modify the tumor
microenvironment contributing to the depletion of antitumor immunity,
resulting in a reduced response to anti-PD-1 therapy. In vitro, this effect
was seen to be related to the sponging of circHMGB2 against
miR-181a-5p, thus inactivating the type 1 interferon response (Zhang
et al., 2022).

7. Extracellular vesicles (EVs)

Extracellular vesicles (EVs) are membrane-bound nanoparticles
released by cells into the extracellular space and blood (Goh et al.,
2023). EVs are secreted by almost all cells in the human body and are
strongly implicated in cell-to-cell communications (Moller and Lobb,
2020). To ensure these cellular communication mechanisms, EVs
transport various "cargoes', such as proteins, lipids, RNA and DNA.
Through these mediators, EVs are responsible for regulating some
mechanisms involved in carcinogenesis, such as angiogenesis and cell
proliferation (Fabbiano et al., 2020). Several studies have demonstrated
that tumor cells are also able to release EVs into the surrounding
microenvironment and into circulation, and that this could be a mech-
anism implicated in both metastasis and response to treatments (Ghor-
oghi et al., 2021). EVs are classified into three types, based on their
biogenesis and size: exosomes (40-160 nm), microvesicles
(100-1000 nm), and apoptotic bodies (1-5 pm) (Mullen and Movia,
2023). Exosomes are the most represented and best characterized EVs.
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The role of EVs in the mechanisms of response to immunotherapy in
patients with NSCLC, both in early- and advanced-stages, is still
controversial. In particular, it seems that two cargoes are most impli-
cated in the response to ICIs, exosomal PD-L1 (ExoPD-L1) and the above
described exosomal miRNAs (Goh et al.,, 2023). ExoPD-L1 can be
secreted by both healthy and tumor cells, and has a higher immuno-
suppressive effect than other extracellular PD-L1, like free-form PD-L1
(soluble PD-L1, sPD-L1). Infact, ExoPD-L1 interacts with TCR through
major histocompatibility complex (MHC) class-I, mimicking the effect of
PD-L1 present on the surface of tumor cells (Daassi et al., 2020). Due to
its immunosuppressive role, some evidence has identified ExoPD-L1 as a
mechanism of resistance to anti-PD-1/anti-PD-L1 treatment (Ye et al.,
2021). Preclinical studies have shown that high ExoPD-L1 levels at
baseline, before starting treatment with ICIs, predict worse outcomes in
terms of PFS, OS and ORR. On the other hand, the behavior of ExoPD-L1
during immunotherapy treatment in patients with NSCLC appears to be
correlate with the response. It seems that patients with increased
ExoPD-L1 levels after starting the treatment with ICIs, have better
response rates (Oitaben et al., 2022). A study conducted by Yang et al.
evaluated the behavior of ExoPD-L1 in 33 NSCLC patients treated with
ICIs and demonstrated that a 1.86-fold increase of ExoPD-L1 levels after
two months of therapy correlated with improved PFS, OS and ORR
(Yang et al., 2021). Interestingly, the combination of multiple bio-
markers could increase the predictive role of response to treatment with
ICIs. A study by Eslami et al. evaluated the combination of CTCs, ctDNA
and EVs as predictive factors in 54 patients with metastatic NSCLC. High
PD-L1 expression in small EVs (PDL1+ sEV) was correlated with OS (HR
= 1.14, 95% CI: 1.03-1.26, p = 0.016), but not with PFS (HR = 1.08,
95% CI: 0.99-1.18, p = 0.095). They also conducted an interaction
analysis suggesting that PD-L1+ sEV correlation with PFS changed in
function of CTC presence/absence (p interaction = 0.036). In conclu-
sion, the combination analysis highlighted a worse prognosis for pa-
tients with CTCs and high PD-L1+ sEV levels (HR = 7.65, 95% CI:
3.11-18.83, p < 0.001) (Eslami et al., 2024) (Table 2). Given these re-
sults, the recognition of high levels of PD-L1 expression on exosomes as a
mechanism of resistance to immunotherapy opens new scenarios to try
to overcome this resistance. In this regard, different techniques are being
evaluated (extracorporeal circulation techniques, pharmacological in-
hibition of secretion, anti-exoPD-L1 antibodies, etc.) (Ye et al., 2021). In
conclusion, data relating to the role of exosomal vesicles as predictive
factors are still limited but promising. Combining these circulating
biomarkers with others tumor characteristics can likely increase the
predictive power. Further studies on larger patient samples are
necessary.

8. Peripheral immune cells

The effectiveness of immunotherapy is mainly correlated to the host
immune system response able to mediate an anti-tumor effect and
deregulation of the immune system can significantly impact on immu-
notherapy efficacy. For these reasons, a growing number of studies is
focusing on the evaluation of several peripheral immune cells as pre-
dictive biomarkers of response and toxicity ICI treatment (Goh et al.,
2023; Oitaben et al., 2022)

8.1. Innate immune cells

Neutrophils are the main innate immune cells that compose the
tumor microenvironment (TME) of NSCLC and can be involved in both
an anti-tumorigenic or pro-tumorigenic activity, based on their polari-
zation and phenotypes (Aloe et al., 2021). Some evidence showed that
persistent neutrophilia and increased neutrophil-to-lymphocyte ratio
(NLR> 5) were correlated with poor prognosis in patients with NSCLC
(Anderson et al., 2021; Jiang et al., 2019; Jin et al., 2020). Russo et al.,
showed that increased NLR in patients with metastatic NSCLC treated
with nivolumab, represented an independent prognostic factor
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correlating with decreased OS and PFS. Conversely, decreased platelet
to-lymphocyte ratio (PLR <200) was correlated with increased PFS, OS,
ORR, and DCR (Russo et al., 2020). In addition, Sun et al. have found
that higher NLR in patients with resectable NSCLC treated with neo-
adjuvant chemotherapy alone or in combination with ICI (nivolumab,
camrelizumab, or tislelizumab) was also correlated with decreased ICI
response and PFS (Sun et al., 2022). Another study by Ayers et al. re-
ported that increased NLR in metastatic NSCLC patients treated with
ICIs, including nivolumab, atezolizumab, or pembrolizumab, was
correlated with a poor OS (Ayers et al., 2021). In the same study, a mild
anemia (<12 g/dl) was correlated with improved OS, independently of
the NLR (Ayers et al., 2021). Interestingly, a decreased NLR ratio at
baseline in NSCLC patients treated with ICIs was shown to be correlated
to an increased risk of development of irAEs (Pavan et al., 2019).
Similarly, a more recent study has shown that in NSCLC patients treated
with ICIs, baseline NLR was negatively correlated with the risk of
development of irAEs (Gao et al., 2023). Different studies have evalu-
ated the potential role of natural killer (NK) cells in predicting clinical
outcomes to ICIs, with contrasting results. Some studies have shown that
NK cell blood levels were negatively correlated to ICI treatment response
(Pettinella et al., 2023), and, in particular, in NSCLC patients treated
with nivolumab they were negatively correlated to survival outcomes
(Ottonello et al., 2020). Conversely, there are several studies showing
that NK cell blood levels are positively correlated to NSCLC patient
outcomes. Indeed, decreased blood NK cell levels were correlated to
poor OS and PFS in NSCLC patients treated with ICIs (Mazzaschi et al.,
2020; Tenuta et al., 2023), interestingly decreased blood NK cell levels
were mainly decreased in NSCLC patients with sarcopenia, compared to
NSCLC patients without sarcopenia (Tenuta et al., 2023). Another study
enrolling patients with NSCLC or small cell lung cancer (SCLC), has
shown that increased blood levels of NK cells at baseline were correlated
with improved PFS (Li et al., 2021).

8.2. Adaptative immune cells

Various studies have evaluated the role of peripheral adaptative
immune cells, such as CD8+ T cells, CD4+ T cells, and regulatory T cells,
in the modulation of the individual’s response to ICI treatment (Goh
et al., 2023). Non-small cell lung cancer patients treated with nivolumab
and with increased blood levels of both CD4+ and CD8+ T cells at
baseline were characterized by an improved OS (Ottonello et al., 2020).
In addition, an improved OS was reported in NSCLC patients charac-
terized by lower baseline expression of PD-1 on CD8+ T cells (Ottonello
et al., 2020). Another study reported improved responses for NSCLC
patients treated with anti-PD-1 inhibitors showing an enhanced prolif-
eration of PD1+ CD8+ T cells within the first two cycles of treatment
(Kamphorst et al., 2017). Of note, the proliferating PD1+ CD8+ T cells
were characterized by the expression of a particular phenotype
including HLA-DR+, CD38+, Bcl-2 low, CD28, CD27 and ICOS (Kam-
phorst et al., 2017). Similarly, Kim et al. have found that the prolifera-
tion of the PD1+ CD8+ T cells phenotype occurring one week after
anti-PD-1 treatment initiation correlated to an improved response
(Kim et al., 2019). More recently, another study has shown that prolif-
eration activity of PD1+ CD8+ T cells (expressed through Ki67) was
positively correlated to PFS in NSCLC patients treated with ICIs (Wu
et al., 2023). Ferrara et al. have found that NSCLC patients treated with
ICIs and characterized by increased blood levels of senescent CD8+ T
cell population (showing low proliferation and expressing CD28-,
CD57+, and KLRG+), were correlated with decreased PFS, OS and
reduced responses (Ferrara et al., 2021).

Regulatory T cells (Tregs) belong to the CD4+ T cells and have a key
role in immune system modulation by preventing autoimmune response
through their immune-suppressive activities (Goh et al., 2023). NSCLC
patients who had decreased blood levels at baseline of Tregs showed
improved responses to ICI combination therapy. In addition, increased
baseline CD4+/CD8+ T cell ratio was correlated to improved PFS to ICI
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treatment (Li et al., 2021). Koh et al. have shown that in advanced
NSCLC patients treated with an anti-PD-1 (pembrolizumab or nivolu-
mab), increased blood levels of Tregs (expressing CD25+ FOXP3+
CD4+) one week after treatment initiation were correlated to a signifi-
cant improved PFS and OS (Koh et al., 2020). Regarding the correlation
of immune cells with immune-related toxicities, a recent study by Gao
et al. has shown that total blood lymphocyte levels were positively
correlated with an increased risk of development of immune-related
adverse events (irAEs) (Gao et al., 2023).

9. Peripheral cytokines and chemokines

Cytokines and chemokines are pro-inflammatory mediators that can
be found in several body compartments such as lung tissue, sputum,
bronchoalveolar lavage (BAL), and serum. These are produced and
secreted by both immune cells such as macrophages, neutrophils, NK
cells and T-, B-lymphocytes and structural cells including lung structural
cells such as lung epithelial cells, endothelial cells and lung fibroblasts.
They can bind their coupled receptors activating several intracellular
signaling pathways modulating different cellular functions such as
growth cell, activation and recruitment of immune cells, but also
inducing acute and chronic pro-inflammatory status (Goh et al., 2023;
Nucera et al., 2021), Currently, there are several literature data showing
that serum levels of pro-inflammatory mediators such cytokines and
chemokines are correlated with response to ICI treatment in NSCLC
patients.

9.1. Cytokines

Non-small cell lung cancer patients characterized by decreased IL-6
serum levels after ICI treatment had increased PFS compared with
those patients showing increased or invariable IL-6 serum levels after ICI
treatment (Keegan et al., 2020). Another study has analyzed baseline
IL-6 serum levels in patients with advanced NSCLC treated with
PD-1/PD-L1 inhibitors, showing that decreased IL-6 serum levels were
negatively correlated with ORR, DCR, PFS and OS (Kang et al., 2020).
Similarly, other data showed that serum IL-6 levels in metastatic NSCLC
patients receiving second line anti-PD-1 monotherapy were negatively
correlated with PFS (Kauffmann-Guerrero et al., 2021). Finally, a recent
study has shown that baseline serum IL-6 levels in NSCLC patients
treated with ICIs were negatively correlated with PFS (Hu et al., 2023).
Also, data regarding the predictive role of serum interferon-y (IFN-y) are
contrasting. Costantini et al. have shown that IFN-y levels from NSCLC
patients receiving nivolumab were not correlated with ICI response
(Costantini et al., 2018). However, Hirashima et al. found that NSCLC
patients receiving ICI treatment with decreased serum levels of IFN-y
were characterized by poor response and early disease progression
(Hirashima et al., 2019). In accord with these results,
Kauffmann-Guerrero et al. showed that increased serum levels of IFN-y
in NSCLC patients were characterized by a durable response to ICI
treatment (Kauffmann-Guerrero et al., 2021). Boutsikou et al. have
evaluated several pro-inflammatory mediators of NSCLC patients
treated with pembrolizumab or nivolumab, showing that increased
serum levels of IFN-y, tumor necrosis factor o (TNF-a), IL-1, IL-2, IL-4,
IL-5, IL-6, IL-10, IL-12 and CXCL8 were associated with enhanced
response and improved OS (Boutsikou et al., 2018). Finally, another
study demonstrated that baseline serum levels of TNF-a in NSCLC pa-
tients treated with nivolumab were negatively correlated to ICI response
(Oyanagi et al., 2019), whereas increased TNF-a and IL-6 serum levels
after ICI treatment, were correlated to decreased PFS (Hu et al., 2023).

9.2. Chemokines
So far, studies evaluating serum chemokines and clinical outcomes to

ICIs in NSCLC have reported contrasting results. Sanmamed et al. have
shown that NSCLC patients who had a good response to treatment with
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nivolumab or pembrolizumab showed decreased serum CXCL8 levels
compared to those who had a poor response, that were characterized by
increased or stable serum CXCL8 levels. Moreover, an early decrease
(2-4 weeks) of CXCL8 serum levels was correlated to an improved OS in
NSCLC patients (Sanmamed et al., 2017). Similarly, there are other data
showing that NSCLC patients with increased CXCL8, CXCL10 or CXCL12
serum levels have decreased OS, PFS or DCB with ICI therapy (Agul-
lo-Ortuno et al., 2020; Hu et al., 2023; Oyanagi et al., 2019; Wang et al.,
2021; Xu et al., 2023). Moreover, Harel et al. found that NSCLC patients
treated with ICI showing a poor OS, were characterized by increased
serum levels of CXCL8 and CXCL10 at baseline (Harel et al., 2022).
Conversely, another study has shown that increased serum levels of
CXCL9 and CXCL10 were significantly correlated with improved
response and PFS with ICIs (Eltahir et al., 2021).

10. Future perspectives and conclusions

Liquid biopsy has shown to be an important tool that is increasingly
becoming part of clinical practice. In NSCLC patients there is often a
technical difficulty to obtain tumor tissue, which implies invasive
diagnostic procedures to collect material adequate for molecular testing.
Immunotherapy has recently revolutionized survival outcomes in pa-
tients with NSCLC, although the range of responses obtained is still very
broad. So far, the only tumor characteristic that has shown to be a
reliable, useful predictive biomarker in clinical practice is PD-L1
expression. However, even in the subgroup of PD-L1-positive patients,
response rates to ICIs are highly variable and also PD-L1-negative pa-
tients can present clinically significant responses. Moreover, it has been
widely proven that tumor PD-L1 expression is inducible and dynamic
over time and location. Therefore, it is necessary to carry out a more
accurate stratification, for which the use of effective biomarkers can
play a crucial role. In this rapidly evolving scenario, circulating bio-
markers emerge as promising tools to optimize the clinical management
of patients with various tumor types. Particularly, several studies are
currently evaluating the role of biomarkers in predicting immuno-
therapy benefit in the curative setting, in early-stage NSCLC, with the
possibility to identify those patients with high risk of recurrence after
surgery that may need more intense therapeutic approaches. However,
despite the encouraging role played by these biomarkers, there are still
several critical issues

that drastically limit on their widespread diffusion in clinical prac-
tice. First of all, the complexity of antitumor response, in which many
components of TME are deeply involved through multiple interactions.
Then, the lack of standardized technical approaches and of data inter-
pretating criteria both for each individual biomarker or their possible
combinations, also remains an opening challenge. Furthermore, as
previously described, the amount of data is still on a limited number of
patients and the hypothesis of phase III studies, specifically designed to
evaluate the effectiveness and application of these methods, is recom-
mended to further implement these biomarkers in diagnostic routine
practice.
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