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Abstract
Lung cancer is the major cause of mortality worldwide with non-small cell lung cancer (NSCLC) contributing to 85% of the cases.
FDA-approved immune checkpoint inhibitors (ICI), anti-PD-1, and anti-PD-L1 are widely used as a standard treatment. However,
the response rate is limited and is observed in only 20–40% of the patients. Therefore, predictive and prognostic biomarkers are
needed to help differentiate responders from non-responders, enabling a better understanding of disease dynamics and facilitating
more effective management through the optimal use of these valuable drugs. In this context, tissue-based biomarkers have several
limitations such as invasive sampling, tumor heterogeneity and difficulty in longitudinal monitoring. Therefore, non-invasive blood-
based biomarkers could serve as impactful tools as predictive and prognostic biomarkers in ICI-treated NSCLC patients. In lieu of
this, this review article aims to provide updated insights on the utility of soluble molecules such as soluble immune checkpoints,
exosomes and cytokines as prognostic and predictive biomarkers of response in ICI-treated NSCLC patients.
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1. Introduction

Lung cancer is the leading cause of cancer-related deaths
(18% of total cancer deaths) worldwide. It has high mor-
bidity with 70% of patients diagnosed with advanced dis-
ease, while only 15% remain alive five years after diagno-
sis [1]. Lung cancer is classified into Small Cell Lung can-
cer (SCLC) and Non–Small Cell Lung cancer (NSCLC).
Of these two histological types, NSCLC is the most com-
mon type with a diagnosis rate of approximately 85% [2].
Smoking is the most significant risk factor for NSCLC,
however in non-smokers genetic predispositions along
with environmental factors can also have an impact on the
individual [3]. Various subtypes of NSCLC differ in ge-

netic alterations, treatment and histological features [4,5].
Therefore, NSCLC treatment varies accordingly and may
include a combination of chemotherapy and high-dosage
radiotherapy. Adverse events associated with such treat-
ments pose risks of adverse effects compromising quality
of life [2]. In addition, drug resistance and mutational
accumulation with immunosuppressive factors at play en-
able metastasis and progression leading to poor outcomes.
Patients with positive mutational profiles for Epidermal
growth factor receptor (EGFR), v-Raf murine sarcoma
viral oncogene homolog B (BRAF) inhibitors targeting
BRAF can be treated with targeted therapies [6]. How-
ever, patients with no genetic mutations are treated pri-
marily with FDA approved immune checkpoint inhibitors
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(ICI) [7]. Immune checkpoint inhibitors (ICI) main mode
of action is to block and target mediators of the immune
checkpoint pathway; Programmed Death Ligand-1 (PDL-
1) and Programmed Cell Death protein-1 (PD-1). Briefly,
the immune checkpoint pathway has a role in preventing
T cell activation through down-regulation of the immune
system to promote self-tolerance/prevent autoimmunity.
Therefore, blocking this pathway via immune checkpoint
inhibitors helps to unleash the immune response and aug-
ment robust T cell response against the tumor [8,9].

Though immune checkpoint inhibitors have proven
to be a paradigm shift for better overall survival in NSCLC
patients, response rates to ICI have been less than opti-
mal with only 20–40% of the patients responding to this
treatment [10]. This lack of response to ICIs has been
associated with several intrinsic and extrinsic factors, in-
cluding tumor antigen absence leading to lack of tumor
recognition by T cells, alterations in the antigen present-
ing machinery, and most importantly, the manipulated cel-
lular components of the tumor microenvironment. These
components include regulatory T cells (T regs), myeloid-
derived suppressor cells (MDSCs), M2 macrophages, in-
hibitory immune checkpoints, cytokines, and chemokines
that modulate the immune system to facilitate tumorigen-
esis [10].

Recently, several studies have documented the role
of soluble forms of immune checkpoints, T cell and NK
cell receptors and ligands, cytokines, and exosomes as
contributors to resistance to ICI treatment [11–14]. It is
postulated that these soluble mediators, secreted within
the tumor microenvironment, hinder treatment dynamics
by exerting their inhibitory effects either by binding to
the treatment active site or activating immune suppressive
molecules to facilitate tumor immune escape [15] (Table 1,
Figure 1). It is postulated that these soluble mediators
can serve as valuable biomarkers in stratifying respond-
ing and non-responding patients, thus, allowing a better
understanding of disease and treatment dynamics. Fur-
thermore, these soluble markers are advantageous with re-
spect to their utility in longitudinal treatment monitoring
with easily accessible biological samples, such as serum
or plasma [11–13]. Therefore, in this review, the aim is to
provide updated insights into the role of soluble PD-1, PD-
L1, PD-L2, CTLA4, cytokines and exosomes as biomark-
ers of response to immunotherapy in NSCLC.

Table 1: Mechanism of action of soluble PD-1, PD-L1 and PD-L2,
sCTLA-4, sLAG-3 and exosomes.

Soluble
Marker

Effect on Immune Microenvironment

sPD-1 Immune enhancement and inhibitory
effect:
Early activation of CD8+lymphocytes
Boost the lytic activity of macrophages.
Upregulation of TNF-α, IFN-γ, INOS
Reduce OX40, IL-10 expression.
Blocks PD-L1expression on tumor cells
Reverse signaling on dendritic cells (DC)
Reduction in DC maturation
Inhibition of IL-2 production/T cell
activation

sPD-L1 Immune Inhibitory effects:
T cell apoptosis
Immune suppression
Negative regulation of T-cell function
Inhibition of lymphocyte function
Inhibition of T-cell
proliferation/IFN-gamma production
Reduction in Th1 cytokines
Increase in Th2 cytokines expression

sPD-L2 Immune inhibitory and enhancement
effects:
Decreased cytokine production by CD4+T
cells
Inhibition of T cell receptor
(TCR)-mediated proliferation
Activation of T cells via IL-12 production

sCTLA-4 Potent immune modulator:
Blocks CD28-B7 interaction.
Suppresses antigen-driven proliferation
Reducing cytokine release.

sLAG-3 Dual potential in modulating immune
responses:
Promotes DC maturation by binding to
MHC-II
Decreases monocyte development
Reduced antigen presentation abilities
Inhibits T cell proliferation

Exosomal
PDL1

Immune Inhibitory effects:
Inhibits CD8+ activity and T cell activation
Inhibits monocyte differentiation
Converts myeloid precursor cells to myeloid
suppressor cells
Suppresses the function of NK cells
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Figure 1: Schematic representation of the dual effects on immune responses mediated by key signaling pathways and soluble immune
checkpoint molecules. The figure illustrates that soluble checkpoint molecules can lead to regulation of pro-inflammatory molecules
(TNF-α, IFN-γ, and iNOS) in CD8+ T cells, enhancing their cytotoxic activity against cancer cells, with a noted inhibition of PD-L1
on cancer cells to mitigate immune evasion. Conversely, the dual effect of soluble immune checkpoint molecules as inhibitory molecules
involving reduced interaction of dendritic cells (DCs) ligands with T cells, and enhanced interaction of cancer associated PD-L1 with
PD-1 on T cells results in decreased IL-2 production, reduced T cell activation, demonstrating the suppression of immune response.

2. Role of Soluble Immune
Check-point Biomarkers as
Predictors of Response: Soluble
PD-1

2.1. Mechanism of Action of Soluble PD-1

Programmed cell death-1 (PD-1, CD279) is a 55-kDa
transmembrane protein containing 288 amino acids, extra-
cellular N-terminal, membrane-permeating domain and
a cytoplasmic tail at N and C ends with two tyrosine
bases [16]. PD-1 is expressed in activated T cells, nat-
ural killer (NK) cells, monocytes, macrophages, dendritic
cells (DCs) and B lymphocytes. Mechanistically, it is an
inhibitor of both adaptive and innate immune responses,
and is known to be highly expressed on tumor-specific
T cells [17]. With regards to its role in the immune mi-
croenvironment, it is described to have both protective
and harmful roles. On one hand, it plays a significant role
in the regulation/maintenance of immune tolerance to pre-
vent host tissue damage while, on the other hand, it facili-
tates tumor immune escape via its overexpression [18].

With respect to soluble PD-1 (sPD-1), it is gener-
ated via proteolytic cleavage of membrane-bound PD-1.
Soluble PD-1 primarily exists in two forms: one form
is completely homologous with membrane-bound PD-1,
while others are the spliced-out parts of membrane-bound
form [19]. With regards to its role in immune microen-
vironment, studies have shown that sPD-1 functions as
a blocker of PD-1 ligands and as such suppresses the in-
teraction of membrane-bound PD-1 with immune check-
point ligands and receptors, PD-L1, PD-L2 and CD80 re-
spectively [20]. This interaction leads to several immune
modulatory effects. On one hand, it can lead to enhance-
ment of the anti-tumor response via early activation of
CD8+ lymphocytes, boost lytic activity of macrophages,
up regulate TNF-α, IFN-γ, inducible nitric oxide synthase
(iNOS) production, reduce OX40 and IL-10 expression
and block PD-L1expression on tumor cells [21]. On the
other hand, it confers immune inhibitory effects such as re-
verse signaling effect on dendritic cells via the PD-L1/PD-
L2 pathway, subsequently leading to a reduction in DC
maturation, and inhibition of IL-2 production and T cell
activation [22].
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2.2. Role of Soluble PD-1 as a Biomarker
in NSCLC Patients Treated with
Immunotherapy

Several studies have reported on the role of soluble PD-1
as a dynamic biomarker in immunotherapy treatedNSCLC
patients. Soluble forms of PD-L1 (sPD-L1), such as
secreted splice variants (secPD-L1) and exosomal PD-
L1 (exo-PD-L1), have recently been found in peripheral
blood and have been shown to suppress T cell functions,
allow tumor evasion, and accelerate tumor growth [23].
A study including 189 NSCLC patients monitored lev-
els of soluble PD-L1 (sPD-L1) and soluble PD-1 (sPD-1)
before and after starting ICI therapy. The results showed
improved overall survival (OS) (hazard ratio 0.24, p value:
0.037) and high levels of sPD-1 for patients after receiving
anti-PD-1 monotherapy.

On the other hand, patients receiving combination
of ICI and chemotherapy, no significant change in ex-
pression levels were seen, suggesting that sPD-1 can be a
potential predictive response biomarker on ICI monother-
apy [24]. Similarly, another study on 13 NSCLC pa-
tients, that measured change in levels of sPD-1 before
and after anti-PD-1 treatment showed that increased ex-
pression of sPD-1 is significantly correlated to disease
progression (p = 0.024) [14]. Another study, measuring
the change in the expression of sPD-1 before anti-PD-1
(Nivolumab) treatment and after two cycles (post 28 days)
in 51 NSCLC patients reported that patients with >30% in-
crease in sPD-1 level, after two cycles of nivolumab, had
a better progression-free and overall survival as compared
to those with decreased levels of sPD-1 [25]. Similarly,
a study on 22 NSCLC patients, investigating the role of
soluble PD-1 on treatment dynamics showed compara-
ble results to the above-mentioned studies. The level of
soluble PD-1 before anti-PD-1 treatment and at the time
of first clinical evaluation (after 3 months of treatment)
showed dynamic modulation. A significant decrease dur-
ing Nivolumab treatment was found to be associated with
clinical response while increase was associated with non-
response to treatment [26]. A study examined the pre-
dictive significance of baseline and dynamic changes in
soluble PD-1 (sPD-1) and soluble PD-L1 (sPD-L1) levels
concerning treatment outcomes. The positivity of either
sPD-L1 or sPD-1 was used to calculate a composite score
known as sCombo. The baseline positive of this score was
substantially linked with shorter progression-free survival
(PFS) of 78 days (95% CI: 55–109) compared to 658 days
(95% CI: 222-not achieved) in score-negative individu-
als (p-value = 0.0002). Overall survival (OS) was also
worse for individuals with a positive score, with a hazard
ratio (HR) of 3.99 (95% CI: 1.63–9.80, p = 0.003). In

multivariate analysis, sCombo score positive continued
to be an independent predictor of shorter PFS, with an
HR of 2.66 (95% CI: 1.17–6.08, p = 0.02) [27]. Though,
limited studies have been performed on sPD-1 profiling
in immunotherapy-treated NSCLC patients, results from
published literature indicate a trend and scope of sPD-1
kinetics with anti-PD-1 treatment dynamics, indicating its
significance as a prognostic and predictive biomarker.

3. Soluble PD-L1

3.1. Mechanism of Action of Soluble
PD-L1

ProgrammedDeath Ligand-1 (PD-L1, CD274) is a 40 kDa
type I transmembrane glycoprotein that can exist as mul-
tiple splice variants, PD-L1 lncRNA splice isoforms and
truncated PD-L1 [28]. Two possible alternative splicing
events-either at the mid-exon or alternative polyadeny-
lation led to the removal of the exon encoding the PD-
L1 transmembrane domain in the CD274 transcript, thus,
leading to the generation of soluble PD-L1 [28,29]. Stud-
ies have documented that sPD-L1 can only be generated
by tumor cells and activated mature DCs [28]. Though
the exact mechanism of action of soluble PD-L1 in the
immune microenvironment is still unclear, studies have
documented various roles of this mediator in immune reg-
ulatory processes. For instance, sPD-L1 has been reported
to induce negative regulation of T-cell function by binding
to PD-1. In addition to this, it has been documented that
specific interaction between sPD-1/sPD-L1 may alter the
activity of immune cells, leading to immune suppression
via the reduction in TH1 cytokines and increased TH2
cytokines expression [30,31]. Moreover, it has been re-
ported that a unique variant of sPD-L1, consisting of a
unique18 aa tail can homodimerize and induce immuno-
suppressive activity via T-cell apoptosis, inhibition of lym-
phocyte function, T-cell proliferation, and IFN-gamma
production [32]. However, studies have reported that
sPD-L1 lacks measurable T-cell inhibitory activity but
rather functions as a receptor antagonist by blocking the
inhibitory activity of membrane-bound PD-L1 [28].

3.2. Role of Soluble PD-L1 as a
Biomarker in NSCLC Patients Treated
with Immunotherapy

Studies investigating the role of PD-L1 as a prognostic and
predictive biomarker have shown interesting results. For
instance, a study investigating the role of pre-treatment
sPD-L1 levels in 233 NSCLC patients treated with anti-
PD-1 (Nivolumab) found that high pre-treatment sPD-
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L1 levels were significantly associated with a lower dis-
ease control rate and poorer progression-free, and overall
survival [33]. Similarly, a study on the impact of pre-
treatment sPD-L1 levels on anti-PD-1 treatment dynam-
ics/clinical outcomes was assessed in 39 NSCLC patients.
The study reported that increased pre-treatment sPD-L1
levels confer poor response and survival in ICI-treated
patients, indicating a prognostic role of this biomarker in
NSCLC [34].

On the other hand, several studies have reported
the kinetics of this biomarker during immunotherapy in-
dicating its role as a dynamic marker. A study of 189
NSCLC patients determined the change in the expression
level of soluble PD-L1 (sPD-L1) prior to and after im-
mune checkpoint inhibitor (ICI) therapy. Higher baseline
sPD-L1 was associated with poor progression-free sur-
vival (PFS) and OS in patients receiving ICI monotherapy,
with HR of 15.4 (p = 0.009) and 11.4 (p = 0.007), respec-
tively. Baseline sPD-L1 levels were linked with other
soluble components produced by zinc-binding proteases
ADAM10/17 [24]. According to a study, individuals with
advanced NSCLC who exhibit elevated levels of soluble
PD-L1 (sPD-L1) are more likely to have unfavorable out-
comes with immunotherapy. Researchers analyzed 120
patients and discovered that those with disease control had
longer PFS and OS compared to those with high sPD-L1
levels, as well as significantly lower sPD-L1 concentra-
tions (p = 0.0006). The median PFS was 5.8 months vs.
2.5 months (HR = 0.6021, p = 0.0156), and the median
OS was 16.5 months vs. 7 months (HR = 0.5354, p =
0.0071). The levels of sPD-L1 and tumor PD-L1 expres-
sion did not significantly correlate. Further, the study’s
conclusion emphasizes sPD-L1’s potential for treatment
guidance by showing that it is a useful marker for predict-
ing resistance to anti-PD-1 or anti-PD-L1 therapy [35].

Another study by Costantini et al. investigated sPD-
L1 levels in the plasma at three time points; at the time
of diagnosis, at the initiation of nivolumab, and after 2
months (first tumor evaluation). The study found that an
increase in sPD-L1 levels from baseline to the first tu-
mor evaluation was associated with poorer progression-
free survival (PFS) and overall survival (OS) [36]. Inter-
estingly, the authors did not see any correlation between
sPD-L1 concentration with tissue PD-L1, indicating that
sPD-L1 can serve as an additional biomarker (in combi-
nation with tissue PD-L1) for treatment monitoring. An-
other study on sPD-L1 levels in 22NSCLC patients before
nivolumab treatment and after the first clinical evaluation
(after 3 months of treatment) reported dynamic modula-
tion of sPD-L1 levels with significantly higher levels ob-
served in non-responding patients [26]. The pharmacody-
namics of anti-PD-1 treatment and sPD-L1 were further

observed in a large case control study. In 51 nivolumab-
treated patients, plasma PD-L1 was assessed at the time of
initiation of treatment and after 28 days of treatment. The
results showed that the reduction in sPD-L1 levels after
28 days was associated with poor prognosis [25].

In addition to anti-PD-1 monotherapy, the role of
sPD-L1 in combination therapy (chemotherapy in combi-
nation with immunotherapy) has also been investigated.
A clinical trial by Bonomi et al. investigated the role of
sPD-L1 in two randomized arms of patients: one arm
with 10 patients on pembrolizumab monotherapy, and
another arm with 10 patients on pembrolizumab com-
bination with carboplatin and paclitaxel. Immune cell
phenotyping to assess sPD-L1 levels in patients prior
to treatment and at weeks 4 and 7. In both arms, in-
creased baseline levels of sPD-L1 were associated with
disease progression [37]. Another study conducted an
open-label, randomized phase II trial encompassing three
arms. Pembrolizumab was given to 7 patients for four
cycles in Arm A, then four cycles of nab-paclitaxel in a
sequential treatment regimen. Another 7 patients in Arm
B followed a comparable sequential regimen, startingwith
four cycles of nab-paclitaxel followed by four cycles of
pembrolizumab. Pembrolizumab and nab-paclitaxel were
given concurrently to 6 patients in Arm C for four cy-
cles of therapy. PFS was 10.1, 8.4, and 10.2 months for
Arm A, B and C, respectively. Due to the approval of
PD-1 blocking as the preferred first-line therapy, the trial
was prematurely discontinued. However, it was shown
that the administration of chemoimmunotherapy was suc-
cessfully endured and capable of establishing long-term
disease management in a particular subset of patients, in
line with subsequent findings [38]. However, this is the
only study in such a cohort, and larger studies on this as-
pect will be able to provide a better understanding of the
kinetics of sPD-L1 in combination immunotherapy and
its role as a biomarker of response.

Though limited studies have been performed on sol-
uble PD-L1, the results of the studies are comparable with
clear attribution of sPD-L1 in poor prognosis, indicat-
ing its role as a prognostic and predictive biomarker in
immunotherapy-treated NSCLC patients.

4. Soluble PD-L2

4.1. Mechanism of Action of Soluble
PD-L2

PD-L2 (CD273) is a 273-amino acid long-cell surface
receptor, consisting of an immunoglobulin-like variable
domain (Ig-V) and an immunoglobulin-like constant do-
main (Ig-C) in the extracellular region, a transmembrane
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domain, and a cytoplasmic domain [39]. Its expression is
mainly found on dendritic cells, macrophages, and some-
times in T helper cell subsets and cytotoxic T cells [40].
PD-L2 serves as the second ligand for PD-1 and is there-
fore involved in regulation of T cell activity. Studies re-
port contrasting role of PD-L2 with respect to immune
regulation. On one hand, PD-L2 has been documented
to function as an inhibitory receptor with its interaction
with PD-1, leading to decreased cytokine production by
CD4+T cells and inhibition of T cell receptor (TCR)-
mediated proliferation [39]. Furthermore, some studies
have reported its role in the activation of T cells via IL-12
production and reverse signaling in dendritic cells [41].

Though both PD-L1 and PD-L2 serve as ligands for
PD-1 with similar influence on immune regulation, struc-
tural differences exist between both which affect their
binding affinity. Studies have documented structural dif-
ferences of amino acids homologous to their binding sites
(in PD-L2, alanine exists at position 110 while tryptophan
exists at position 121). In addition to this, PD-L2 con-
tains N64PD-L2 glycan, which is absent in PD-L1. It is
postulated that this structural change affects the “snug-fit”
interaction of PD-L2 with PD-1, thus, weakening its bind-
ing affinity. However, PD-L2 carries a C–D latch region
(which is missing in PD-L1), that facilitates the extension
of PD-L2 contact area with PD-1. Therefore, the presence
of this latch helps to counterbalance the weakness brought
on by alanine and N64 glycan and instead increases its
binding affinity for PD-1, approximately 3-4-fold higher
than PD-L1 [42–45].

Studies have reported that soluble PD-L2 is gener-
ated due to a splicing event involving a frameshift of exon
3 to an alternative acceptor site 5 base pairs downstream of
the canonical acceptor site. As a result, the generated sol-
uble PD-L2 lacks the transmembrane domain but retains
the IgV-like domain. It should be noted that since no dele-
tion of the exon encoding transmembrane domain occurs
during the splicing event, it is postulated that soluble PD-
L2 can play a role in immune regulation due to its Ig-V
domain and the existing exon for transmembrane region
thus facilitating its binding with PD-1 [46].

4.2. Role of Soluble PD-L2 as a
Biomarker in NSCLC Patients Treated
with Immunotherapy

The role of soluble PD-L2 as a biomarker in immunotherapy-
treated NSCLC patients has been reported in limited stud-
ies. A study on 22NSCLCpatients treatedwithNivolumab
assessed the role of soluble mediators in treatment re-
sponse. Changes in the kinetics of sPD-L2 before ini-
tiation of treatment and after 6 cycles (3 months’ post-

treatment) of Nivolumab showed interesting results. Dy-
namic modulation of sPD-L2 was observed, with levels of
sPD-L2 significantly decreasing during nivolumab treat-
ment in responding patients (though non-significantly).
However, a combination of decreased levels of sPD-L2
with soluble mediators PD-L1, CD137, Tim-3, and BTLA-
4 during treatment was significantly associated with a fa-
vorable clinical response. This suggests that these sol-
uble markers may work synergistically to modulate the
tumor microenvironment. Interestingly, the authors also
found a prognostic value of sL2. Low levels of sPD-L2 be-
fore treatment initiation were significantly associated with
longer clinical response indicating the prognostic value of
pre-treatment sPD-L2 as a biomarker of response [26].
Another research investigated the potential relevance of
sPD-L2, sPD-L1, sIL-2, sIFN-γ, granzyme B and mi-
croRNAs as indicators of ICI responsiveness among 43
NSCLC patients treated with Nivolumab, the results of
sPD-L2 demonstrated no association with clinical out-
comes. Additionally, grade 3–4 toxicities were linked
to low sPD-L2, low sIL-2, and high sIFN-γ [47]. An-
other study on 43 patients in Nivolumab-treated NSCLC
patients aimed to assess the role of sPD-L2 as a predictive
biomarker. Plasma sPD-L2 levels were assessed at diag-
nosis, at the start of treatment and after 2 months (first
tumor evaluation). It was observed that, though sPD-L2,
was not associated with progression-free or overall sur-
vival, lower levels of sPD-L2 at diagnosis and start of treat-
ment were significantly associated with grade 3–4 adverse
events. This suggests a dynamic role for this biomarker
in predicting immune-related adverse events [36].

5. Soluble CTLA-4

5.1. Mechanism of Action of Soluble
CTLA-4

CTLA-4, binds to CD80 and CD86 ligands present on
APCs and regulates the immune system. The second sig-
nal needed for complete T cell activation and prolifera-
tion is blocked by this interaction between the ligands
and the CD28 receptor on T cells. Through efficient in-
hibition of T cell activation caused by the blockage of
the CD28-CD80/CD86 interaction, CTLA-4 produces an
immunosuppressive effect [48]. This suppression can be
harmful in the setting of cancer by impeding the body’s
capacity to generate an efficient anti-tumor response, but
it is advantageous in avoiding hyperactive immune re-
sponses and autoimmunity [49]. The method by which
CTLA-4 controls immunological responses demonstrates
its dual function in immune regulation. On the one hand,
it promotes immunological homeostasis and the preven-
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tion of autoimmune disorders by suppressing T cell ac-
tivation [50]. However, in the case of cancer, this same
technique can be detrimental since it reduces the immune
system’s capacity to efficiently fight tumor cells. This
complicated role of sCTLA-4 emphasizes the need for
more study to better understand its activities and create
ways to modulate its levels, thereby improving treatment
outcomes in cancer patients [51].

In addition to being expressed on the cell surface,
the CTLA-4 protein is also found in soluble form as sol-
uble CTLA-4 (sCTLA-4), which was initially discovered
by Magistrelli et al. Non-activated T cells release the
fully functional 137-amino-acid polypeptide sCTLA-4,
which is also seen in normal human serum. Extracellular,
transmembrane, and cytoplasmic sectionsmake upmature
CTLA-4 molecules. Although having no transmembrane
domain, sCTLA-4 secretes from cells while maintaining
its amino acid residues that bind to B7 [52]. Although
sCTLA-4 lacks the transmembrane domain, which allows
cell secretion, mature CTLA-4 has extracellular, trans-
membrane, and cytoplasmic sections. Additionally, in
sCTLA-4, the amino acid residues that bind to B7 re-
main unchanged [53]. In vitro research on human T cells
has demonstrated that sCTLA-4 release peaks through-
out immunological responses and has a potent inhibitory
effect. In particular, when sCTLA-4 is blocked, antigen-
driven proliferation and cytokine release are markedly en-
hanced [54]. Recent studies indicate that solublesCTLA-4
has a significant down-regulatory influence on the im-
mune response by preferentially binding to B7 molecules
on antigen-presenting cells (APCs), as opposed to CD28
on T lymphocytes [52].

In cancer patients, notably individuals with NSCLC,
increased levels of sCTLA-4 have been linked to poorer
clinical results when treated with ICIs [55]. According
to studies, high plasma levels of sCTLA-4 are associated
with a lack of reactivity to therapy such as anti-PD-1 med-
ications [56]. This shows that sCTLA-4 might serve as a
predictive biomarker, assisting in identifying individuals
who are less likely to benefit from ICI therapy and possi-
bly driving more tailored treatment methods [57].

5.2. Role of Soluble CTLA-4 as a
Biomarker in NSCLC Patients Treated
with Immunotherapy

sCTLA-4 is a potential biomarker for determining the ef-
fectiveness of immunotherapy in patients with NSCLC.
Recent research has investigated its ability to predict treat-
ment response and correlate with clinical outcomes [57].
For example, a study conducted by Hayashi et al. [51]
investigated the role of sCTLA-4 as a biomarker in 50 in-

dividuals with NSCLC who received nivolumab. Higher
baseline levels of sCTLA-4 were related to worse
progression-free survival, indicating a negative relationship
between sCTLA-4 levels and the therapeutic response. Pa-
tients with high sCTLA-4 levels had a poorer response to
nivolumab. The study found a significant p-value (<0.05),
highlighting the strength of the correlation [51]. A study
of 536 patients with primary resected stage I–IIIANSCLC
evaluated the immunohistochemistry expression of CTLA-
4 in the tumor and stromal tissues of the main tumors, as
well as the locoregional metastatic lymph nodes. The
study discovered that CTLA-4 expression in primary tu-
mors’ tumor epithelial cells (T-CTLA-4) and stromal cells
(S-CTLA-4)were not correlatedwith each patient’s disease-
specific survival (DSS). In the squamous cell carcinoma
subgroup, however, increased sCTLA-4 expression pre-
dicted significantly better DSS (HR 0.62, 95% CI 0.41–
0.93, p = 0.021). On the other hand, there was a negative
predictive effect associated with T-CTLA-4 expression in
metastatic lymph nodes (HR 1.65, 95% CI 1.03–2.65, p
= 0.039). These results reveal significant variations in re-
spective tumor microenvironments and imply that CTLA-
4 expression has different prognostic consequences in
original tumors vs. metastatic NSCLC lymph nodes [58].

6. Soluble LAG-3

6.1. Mechanism of Action of Soluble
LAG-3

Lymphocyte-activation gene 3 (LAG-3) or CD223 is an
immunological checkpoint receptor that regulates immune
responses, namely self-tolerance and autoimmunity. LAG-
3 is expressed on a variety of cell types, including CD4+
and CD8+ T cells, as well as Tregs, and is necessary for
proper T cell regulation and homeostasis [59]. While
LAG-3 is often investigated in its membrane-bound vari-
ant on the surface of T cells, sLAG-3 may also be found
in the extracellular environment. The mechanism of ac-
tion for soluble LAG-3 differs from that of its membrane-
bound counterpart and includes numerous critical roles [60].
LAG-3 is thought to regulate the immune response by at-
taching MHC-II molecules to APCs. This connection can
alter the activation and function of many immune cells,
including APCs, dendritic cells, and T-cells, and hence af-
fect the overall immune response [59]. LAG-3 suppresses
the proliferation and activation of T cells by binding to
MHC-II on APCs, and this helps to prevent the immune
system from becoming overactive, which can result in
autoimmunity or chronic inflammation [61].

LAG-3 plays a major role in stimulating the devel-
opment of regulatory T cells (Tregs), which helps reduce
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exaggerated immune responses and promotes immunolog-
ical tolerance and homeostasis [62]. Additionally, LAG-
3 interacts with immune checkpoint molecules such as
CTLA-4 and PD-1 to form a complex regulatory network
that modulates the immune response. These interactions
can strengthen the inhibitory signals produced by these
checkpoints, further suppressing the immune response.
The interaction of several checkpoints demonstrates the
complexity of immune regulation and the potential for
addressing these pathways in therapeutic procedures [63].

sLAG3, a soluble form of LAG3, is formed by al-
ternative splicing and proteolytic cleavage of the extra-
cellular domain and is mostly secreted by dendritic cells
(DCs), but also by B and T lymphocytes, and its function
is largely unknown. Some studies suggest its involvement
as a costimulatory molecule by binding to MHC-II and en-
couraging DC maturation; however, these are largely con-
nected to synthetic sLAG3-Ig proteins employed in ther-
apeutics, which have a high MHC-II affinity compared
to human sLAG3 [64]. However, human sLAG3 has
been postulated to function as a co-inhibitor of immune
responses by decreasing monocyte development and anti-
gen presentation capabilities, inhibiting their activation of
T-cell proliferation [65].

6.2. Role of Soluble LAG-3 as a
Biomarker in NSCLC Patients Treated
with Immunotherapy

sLAG-3 has emerged as a promising biomarker inNSCLC,
providing insights into tumor immune suppression and
treatment response by reflecting the dynamic interaction
of immunological checkpoints and tumor growth [63].
A study examined soluble lymphocyte activation gene-
3 (sLAG-3) and CD4/CD8 ratio dynamics as biomark-
ers for predicting outcomes in advanced solid cancer pa-
tients following immune checkpoint inhibitor (ICI) treat-
ment. Higher pre-treatment sLAG-3 levels were linked
with poor progression-free (HR: 1.005, p = 0.039) and
overall survival (HR: 1.006, p = 0.015) outcomes, but a
lowering CD4/CD8 ratio following therapy was associ-
ated with improved overall survival (p = 0.012, HR: 3.32).
A combined immunological score that included sLAG-3
levels and CD4/CD8 ratio dynamics had the highest pre-
dictive potential for survival (HR: 10.3), indicating that
they might be used as robust biomarkers to guide ICI
treatment [64]. Another study looked at the role of sol-
uble LAG-3 (sLAG-3) as a biomarker in non-small cell
lung cancer (NSCLC) and how it is associated with the
disease stage. Serum sLAG-3 levels were evaluated us-
ing enzyme-linked immunosorbent assay (ELISA) in 247
individuals, comprising 71 with benign illnesses and 176

with NSCLC. The study discovered that sLAG-3 levels
were significantly higher in early-stage NSCLC (stage
I-II) compared to later stages (stage III-IV, p < 0.001).
This suggests that lower sLAG-3 expression in advanced
NSCLC may indicate a weaker immune response. The
findings emphasize the possibility of boosting sLAG-3
levels as a treatment option for advanced NSCLC [66].

7. Exosomes

7.1. Mechanism of Action of Exosomes

The endosomal compartment of most eukaryotic cells
produces membrane extracellular vesicles, or exosomes,
typically ranging in size from 30 to 150 nanometers. A
diverse range of biological elements, including proteins,
short RNAs, lipids, deoxyribonucleic acids (DNAs), mes-
senger RNAs (mRNAs), and more, are found within the
lipid bilayer structure that makes up exosomes. By trans-
mitting these useful proteins, these extracellular vehicles
(EVs) fulfill their role as mediators of intercellular com-
munication [67,68]. Specifically, exosomes are actively
released by cancer cells into the circulation, where they
travel throughout the body and become a component of the
intricate communication network that is supported by the
tumor microenvironment. These exosomes can promote
cellular communication and function as non-invasive can-
cer indicators. By interactingwith the immune cell protein
PD-1, this substance can aggressively inhibit CD8+ cells.
Exosomes can also prevent monocyte differentiation, de-
crease NK cell function, and transform myeloid precursor
cells into myeloid suppressor cells. In vitro studies have
demonstrated that elevated levels of exosomal PD-L1 can
inhibit T cell activation, even though the role of exosomal
PD-L1 in vivo is still unknown. They are often found in
a variety of physiological fluids. Exosomal-PD-L1 is no-
ticeably detectable in human plasma and has the potential
to become a crucial biomarker [69,70].

7.2. Role of Exosomal PD-L1 as a
Biomarker in NSCLC Patients Treated
with Immunotherapy

Studies have investigated the relationship between the ex-
pression of PD-L1 mRNA in exosomes obtained from
plasma and the responsiveness of anti-PD-1 antibodies in
melanoma and NSCLC. For example, a study was con-
ducted by Del Re et al. (2018) [71] on 8 patients with non-
small-cell lung cancer (NSCLC)where 2 individuals had a
partial response (PR), 2 had stable disease (SD), and 4 had
progressive disease (PD). The study demonstrated that the
response to anti-PD-1 antibodies in people withmelanoma
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and non-small cell lung cancer (NSCLC) was strongly
correlated with the presence of PD-L1 mRNA within ex-
osomes extracted from plasma. The tumor response was
correlated with the number of copies of PD-L1 mRNA per
milliliter. number of copies of PD-L1mRNA per milliliter
was related to tumor response. Patients with PD showed
a considerable increase (mean: 295 to 550 copies per mL,
from baseline to 2 months), but those who achieved PR
showed a decrease (mean: 1015 to 300 copies per mL).
Patients with SD showed a moderate change (mean: 455
to 285 copies per mL). 231± 55.7, p = 0.012). There was
a noticeable variation in the number of PD-L1 mRNA
copies per milliliter in the entire research cohort. This
difference was statistically significant in with progress-
ing disease (204 vs. 416, baseline vs. 2 months later, p
= 0.001) and patients exhibiting complete or partial re-
sponses (830 at baseline compared to 242 after 2 months,
p = 0.016). The difference between patients with stable
disease (298 at baseline vs. 247 after 2 months, p = 0.586)
was not as noticeable as expected. It must be noted that,
at first, people who had complete and partial responses
had much more PD-L1 mRNA copies per milliliter than
people who had stable disease or who were progressing
from their disease (830 vs. 231 p = 0.012) [71]. In a
trial of 17 patients with advanced or metastatic NSCLC,
researchers investigated the possibility of serum-derived
exosomal PD-L1 (exoPD-L1), exoPD-L2, and exoPD-1
as biomarkers for monitoring immunotherapy responses.
The study discovered that exoPD-L1 levels in patients
were substantially greater than in their soluble forms and
healthy controls. Importantly, a drop in exoPD-L1 lev-
els was related to better treatment outcomes, whereas an
increase was connected to tumor growth. The study indi-
cated that exosomal biomarkers may be more successful
than standard tissue biopsies in predicting and monitor-
ing treatment results in NSCLC patients undergoing im-
munotherapy [72].

In another study, the clinical significance of Exo-
PD-L1, sPDL1, and the overall PD-L1 profile was in-
vestigated in 65 stage I-IIIA NSCLC patients, who had
not previously received therapeutic procedures such as
chemotherapy, targeted therapy, surgical removal, or radi-
ation. The results showed a concentration of 1.84 pg/mg
exosomal PD-L1 protein concentration in healthy controls,
whereas in patients with stage I/II and III/IV the levels
were 3.02–1.67 pg/mg and 5.17–3.16 pg/mg respectively.
In healthy controls the level of Exo-PD-L1 was low when
compared to affected individuals. Furthermore, large tu-
mor size and advanced disease with profound metastasis
was associated with higher exo-PD-L1 indicating its po-
tential to be used as a biomarker in NSCLC [73].

8. Tumor Microenvironment
Modulating Cytokines

8.1. Mechanism of Action of Cytokines

Cytokines, such as tumor necrosis factors (TNF), inter-
leukins, interferons, and chemokines, as well as growth
factors including TGF-β, VEGF, and EGF, can promote
or inhibit tumor growth depending on external factors [74].
Cytokines, being important immune response regulators,
promote inflammation and modulate several intracellular
signaling pathways that govern the growth, proliferation,
and migration of cells, contributing to the development as
well as the advancement of cancer [75] (Table 2). Recent
improvements in targeting these molecules have resulted
in the creation of innovative treatment approaches, includ-
ing monoclonal antibodies, bispecific antibodies, receptor
inhibitors, fusion proteins, and synthetic cytokine varia-
tions [76]. These techniques seek to control the immune
system, slow tumor growth, and overcome resistance to
standard treatments. Combining these tailored medicines
with additional therapeutic options shows promise for im-
proving patient outcomes. Ongoing research and clinical
trials are crucial for improving our understanding and im-
plementation of cytokine- and chemokine-targeted treat-
ments in cancer [77].

8.2. Mechanism of Action of
Pro-Inflammatory Cytokines

8.2.1. Tumor Necrosis Factor-Alpha (TNF-α)

TNF-IL is a key contributor to the development of NSCLC
and a known pro-inflammatory cytokine that helps in im-
mune modulation and understanding of tumor biology.
Chronic inflammation, including elevated TNF-α levels,
can lead to cancer formation and progression by damaging
DNA and activating inflammatory cytokines such as IL-
1 and IL-6 [78]. TNF-α promotes angiogenesis through
VEGF and influences immune cell recruitment, leading to
an immunosuppressive environment that promotes tumor
development. It also stimulates tumor cell growth and sur-
vival by activating NF-κB, which prevents apoptosis [79].
In clinical settings, elevated levels of TNF-α are associ-
ated with more advanced stages of the disease and a worse
prognosis. Additionally, they can offer valuable infor-
mation on the efficacy of targeted and anti-inflammatory
treatments, which can inform treatment plans and patient
care [80,81].
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Table 2: The effects of pro-inflammatory and anti-inflammatory cytokines on immune microenvironment and cellular signaling path-
ways.

Pro-Inflammatory
Cytokine Effect on Immune Microenvironment

TNF-α

-Receptor Binding of NF-α to TNF receptors (TNFR1 and TNFR2) on various cells
-NF-κB and MAPK pathways activated
-Increase in the production of pro-inflammatory cytokines and chemokines
-Apoptosis in cells

IL-6

-IL-6 binds to gp130 and IL-6Rα
-JAK1 and JAK2 are activated
-STAT3 Activation
-Activation of the NF-κB pathway
-Stimulates the synthesis of fibrinogen and CRP
-Immune suppression, can be anti-inflammatory under some conditions

IL-1β

-Binding of IL-1β to IL-1R1 and IL-1RAcP
-Activation of MyD88
-IKK is stimulated by TRAF6 and releases NF-κB into the nucleus
-Pro-inflammatory genes are transcriptionally stimulated by NF-κB
-IL-1β triggers the activation of MAPKs
-Rise in the production of chemokines and cytokines

IL-8

-Binding of IL-8 to CXCR1 and CXCR2 on neutrophils.
-GPCR activation
-G-Protein Activation
-PLC production of IP3 and DAG
-Increasing intracellular calcium levels and activating signaling pathways
-Neutrophil Chemotaxis
-Stimulates adhesion molecules ICAM-1, VCAM-1 production

IL-17

-Binding of IL-17 to its receptor complex, IL-17RA and IL-17RC
-Activation of intracellular signaling pathways
-Phosphorylation and degradation of IκB
-NF-κB dimers (such as p65/p50) released
-Translocation of NF-kB to the nucleus
-Activation of MAPK pathway
-Recruitment of signaling molecules by Act1
-Increase in other proinflammatory cytokines

IL-10

-Receptor Binding of IL-10 to IL-10Rα and IL-10Rβ on immune cells
-Activation of JAK1 and Tyk2
-Phosphorylates and activates STAT3
-NF-κB and MAPK pathways inhibited
-Reduces the production of pro-inflammatory cytokines
-Macrophage and dendritic cell regulation
-Modulation of T-cells, growth of regulatory T-cells

TGF-β

-Binding of TGF-β to TGF-β receptors I and II on targe
-SMAD2 and SMAD3 are activated
-SMAD4 complex formation
-Migration of SMAD complex to the nucleus
-Stimulates Tregs
-Reduction in pro-inflammatory cytokines
-Immune cell inhibition

8.2.2. Interleukin-6 (IL-6)

IL-6 is a key cytokine that contributes to cancer develop-
ment, particularly NSCLC, via a variety of methods. IL-6

binds to its receptor complex, consisting of IL-6Rα and
the gp130 component, generating a hexametric structure
that activates JAKs, namely JAK1 and JAK2 [82]. This
activation causes the phosphorylation of STAT3, which
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subsequently translocate to the nucleus and drives the
transcription of genes that increase cell proliferation, sur-
vival, and inflammation. IL-6 can activate the NF-κB
pathway, leading to increased inflammation and cellular
survival by promoting the production of pro-inflammatory
genes [83]. IL-6 induces the liver to create acute-phase
proteins, such as CRP and fibrinogen, which are indicators
of systemic inflammation. IL-6 assists in tumor develop-
ment and metastasis of cancerous tumors by promoting
angiogenesis through VEGF activation and establishing
an immunosuppressive environment [84]. In NSCLC, el-
evated IL-6 levels typically correspond to poor prognosis,
emphasizing the potential of this molecule as a prognos-
tic indicator and a target for novel treatment strategies that
target suppressing its signaling pathways [83]. In NSCLC,
elevated IL-6 levels have been associated with poor prog-
nosis, suggesting that it could serve as a target for novel
therapeutic techniques that aim to disrupt its signaling
pathways as well as a prognostic indicator [85].

8.2.3. Interleukin-1 Beta (IL-1β)

IL-1β is another pro-inflammatory cytokine that regulates
immunological and inflammatory responses via complex
signaling pathways. It interacts with both IL-1 receptor
type 1 (IL-1R1) and IL-1 receptor accessory protein (IL-
1RAcP), activating the MyD88 adaptor protein [86]. Tu-
mor necrosis factor receptor-associated factor 6 (TRAF6)
is subsequently recruited and activated because of this
activation, which also activates interleukin-1 receptor-
associated kinases (IRAKs).

TRAF6 activates the IKK complex, resulting in the
degradation of IκB proteins and the release of NF-κB
dimers into the nucleus. This promotes the transcrip-
tion of pro-inflammatory genes [87]. Furthermore, sev-
eral MAPKs are activated by IL-1β signaling, and these
MAKs further induce the production of cytokines and
chemokines, so promoting the inflammatory response [88].
In a systemic manner, IL-1β causes fever and activates
the liver to create acute-phase proteins, which are indica-
tors of inflammation, such as fibrinogen and C-reactive
protein (CRP). These mechanisms highlight the critical
function of IL-1β in both acute and chronic inflammatory
conditions [89].

8.2.4. Interleukin-8 (IL-8)

CXCL8, another name for IL-8, is a crucial chemokine
that plays an essential role in the proinflammatory re-
sponse by activating and recruiting neutrophils. GPCRs
expressed on the surface of neutrophils and other cells,
CXCR1 and CXCR2, are the receptors that IL-8 binds
to cause its effects. Intracellular G-proteins are activated

because of these receptors being activated by IL-8 bind-
ing [90]. This activation causes PLC to produce IP3 and
DAG, which elevate intracellular calcium levels and ac-
tivate a variety of signaling pathways. The activation of
these pathways improves neutrophil chemotaxis, which
directs neutrophils to areas of infection or inflammation,
as well as their activation, including oxidative burst and
degranulation [91]. IL-8 promotes endothelial cells to pro-
duce adhesion molecules such as ICAM-1 and VCAM-1,
promoting neutrophil migration across the endothelium.
Along with its function in acute inflammation, IL-8 is
also affiliated with chronic inflammatory disorders and
cancer [92]. In these conditions, it fosters tumor expan-
sion, angiogenesis, and metastasis, all of which are as-
sociated with a poor prognosis in various cancer types.
These capabilities underscore IL-8’s critical involvement
in mediating and maintaining inflammatory processes un-
der various situations [87,93].

8.2.5. Interleukin-17 (IL-17)

Interleukin-17 (IL-17) is a pro-inflammatory cytokine es-
sential for mediating inflammation and immune responses.
Produced by Th17 cells, IL-17 also functions by interact-
ing to its receptor complex, which consists of IL-17RA
and IL-17RC and is produced by other immune cells such
as γδ T cells and innate lymphoid cells. Numerous cell
types, such as endothelium, fibroblast, and epithelial cells,
have this receptor complex on them [94]. IL-17 stimulates
intracellular signaling pathways, particularly the NF-κB
and MAPK pathways, when it binds to its receptor. Pro-
inflammatory cytokines and chemokines are transcription-
ally producedwhenNF-κB is activated, promoting inflam-
mation, and attracting immune cells to infection or dam-
age sites. In a similar vein, the inflammatory mediators’
synthesis is further enhanced by the MAPK pathway. In
order to facilitate the recruitment of signaling proteins and
promote these inflammatory responses, the adaptor pro-
tein Act1 is crucial to this process [95].

Biological consequences of IL-17 include cytokines
such as IL-6 and IL-8 being produced and endothelial
cells expressing adhesion molecules, which aids in leuko-
cyte recruitment. Additionally, it triggers the production
of peptides that are antimicrobial and other inflamma-
tory chemicals by epithelial cells, which guard against
pathogens but can lead to tissue damage in cases of chronic
inflammation [96]. Furthermore, in the setting of cancer,
IL-17 supports tumor development and spread by boost-
ing the synthesis of vascular endothelial growth factor
(VEGF), which in turn promotes angiogenesis [97].

Overproduction of IL-17 under pathological settings
is associated with autoimmune illnesses, including multi-
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ple sclerosis, psoriasis, and rheumatoid arthritis, where it
causes tissue damage and persistent inflammation [98]. It
has a complicated role in cancer; although it can stimu-
late tumor development through angiogenesis and inflam-
mation, research is still being done on how it affects anti-
tumor immunity. Knowing the processes behind IL-17’s
dual functions in disease pathology and protective immu-
nity offers important insights into the protein’s potential
as a target for therapy [99].

8.3. Mechanism of Action of
Anti-Inflammatory Cytokines

8.3.1. Interleukin-10 (IL-10)

IL-10, an anti-inflammatory cytokine, regulates immune
responses by attaching to its receptors IL-10Rα and IL-
10Rβ on immune cells such as macrophages, dendritic
cells, and T cells. This interaction promotes JAK1 and
Tyk2, which phosphorylate and activate STAT3, caus-
ing it to translocate into the nucleus and regulate anti-
inflammatory gene expression [100]. IL-10 decreases the
synthesis of pro-inflammatory cytokines such as TNF-α,
IL-6, and IL-1β by inhibiting the NF-κB andMAPK path-
ways, decreasing damage to the tissues. However, under
some circumstances, IL-10 might also have immunostim-
ulant properties [101]. Considering IL-10’s critical func-
tion in immune regulation, conditions marked by hyper-
inflammatory states, like cancer, or infectious disorders,
like COVID-19 and post- COVID-19 syndrome, may be
affected by this cytokine [102].

Furthermore, IL-10 regulates macrophage and den-
dritic cell activities, reducing the expression of activation
markers and the formation of reactive oxygen species. Ad-
ditionally, it affects T cell responses by promoting the
growth of regulatory T cells and preventing Th1 and Th2
cell differentiation. Due to these characteristics, IL-10
plays a vital role in regulating inflammatory reactions
and holds therapeutic promise for the treatment of autoim-
mune disorders and some types of cancer [87,103].

8.4. Transforming Growth Factor-Beta
(TGF-β)

TGF-β is a multifunctional cytokine that is essential for
controlling tissue healing, cell division, and immunolog-
ical responses. TGF-β binds to its receptor complex,
which consists of TGF-β receptor types I and II (TGFBR1),
on target cells to produce its effects [104]. SMAD pro-
teins, especially SMAD2 and SMAD3, are phosphory-
lated and activated through the activation of receptor ser-
ine/threonine kinases resulting from this interaction. The
phosphorylated SMAD2/3 forms a complex with SMAD4

that translocates into the nucleus and affects the transcrip-
tion of genes involved in immunological modulation, cell
proliferation, and differentiation [105]. By stimulating
the formation of regulatory T cells (Tregs) and reducing
the generation of pro-inflammatory cytokines, TGF-β pre-
vents the activation and proliferation of immune cells, in-
cluding T cells and B cells. Subsequently, it also affects
macrophage and dendritic cell function, diminishing their
capacity to trigger T-cell responses and inflammatory cy-
tokine production [106]. TGF-β plays a role in immune
regulation, fibrosis, and cancer progression. It promotes
EMT, increases extracellular matrix production, and cre-
ates an immunosuppressive microenvironment, facilitat-
ing tumor progression. TGF-β has a critical part in both
normal and pathological processes, as evidenced by its
various roles [107].

8.5. Role of Pro and Anti-Inflammatory
Cytokines as Biomarkers in NSCLC
Patients Treated with Immunotherapy

In a study, serum-derived exosomes from 17 NSCLC re-
ceiving ICI treatment were assessed for TNF-alpha levels.
According to the research, TNF-alpha was increased in
responding patients, and this was linked to a consider-
able rise in exosomal PD-1 (p = 0.0156) and IFN-γ (p
= 0.0156). TNF-alpha may be a sign of immune system
activation and treatment response, while non-responding
individuals showed a distinct cytokine profile. These
findings highlight the potential of TNF-alpha as a useful
biomarker for evaluating and forecasting the effectiveness
of ICI treatment in patients with NSCLC [72]. A study
of 29 stage IV NSCLC patients receiving single-agent
PD-1 inhibitors showed high baseline levels of inflam-
matory markers. The results were associated with worse
PFS, with p-values < 0.001. Increased IFN-γ levels were
linked to improved PFS (p < 0.001). Long-term respon-
ders (PFS > 30 weeks) showed decreased IL-6, NLR, and
SII levels, but greater IFN-γ levels (all p-values < 0.001).
Inflammatory indicators increased throughout time, in-
dicating that the condition was progressing. There was
no significant correlation between these indicators and
irAEs [108]. According to another study, cytokine levels
in untreated advanced NSCLC patients were higher than
in healthy controls. Chemotherapy was shown to reduce
these levels, whereas immunotherapy alone did not. With
hazard ratios of 0.28–0.34 for OS and 0.42–0.54 for PFS
lower baseline TNF-RI levels were linked to improved
survival outcomes. P-values ranged from 0.014 to 0.001.
irAEs were associated with higher baseline levels of IL-
1β and angiogenin, with fold increases ranging from 7–9
and p-values from 0.009 to 0.0002. Nonetheless, neither
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the course of the disease nor its clinical prognosis was
predicted by alterations in cytokine levels after therapy.
irAEs and treatment benefits may be predicted with base-
lines cytokine levels, but long-term illness monitoring is
not possible with these measurements [109].

In a study of 88 participants (53 NSCLC patients, 17
with non-malignant lung diseases, and 18 healthy volun-
teers), researchers discovered that NSCLC patients had a
higher number of CD4(+) CD25(+) FoxP3(+) regulatory
T (Treg) cells with increased expressions of immunosup-
pressive molecules such as CTLA-4, LAG-3, and PD-1.
Intratumorally Treg cells had the greatest quantities of
these co-inhibitory compounds, indicating a potent im-
munosuppressive action. Additionally, the number of
Treg cells and their functional molecules increased as can-
cer progressed. NSCLC patients had greater plasma levels
of TGF-β, and IL-10 compared to healthy controls, indi-
cating the importance of Treg cells in tumor microenviron-
ments [110]. Another study of 60 NSCLC stage III/IV pa-
tients treated with anti-PD-1-based chemotherapy found
that greater on-treatment IL-1β and IFN-γ levels corre-
lated with better outcomes, including enhanced response
and extended PFS (p = 0.013 and p = 0.007, respectively).
In contrast, higher on-treatment IL-6 levels were associ-
ated with a worse response, shorter PFS, and OS (p =
0.012, p = 0.020, and p = 0.037, respectively). High pre-
treatment IL-2 levels indicated longer PFS (p = 0.049), but
high IL-8 levels predicted shorter OS (p = 0.006) [111].
In addition, a trial of 102 NSCLC patients undergoing
immunotherapy showed how increased CXCL12 levels
were linked with significantly poorer outcomes, including
shorter OS (12.20 vs. 44.84 months, p = 0.008) and PFS
(3.76 vs. 14.40 months, p < 0.001). Patients with PD-L1
positive had superior OS (44.84 vs. 20.42 months, p =
0.087) and ORR (70.0% vs. 28.8%, p < 0.001). PD-L1
positive patients exhibited a significantly longer median
PFS (25.35 vs. 4.64 months, p = 0.003). Patients with
high CXCL12 levels and low PD-L1 expression had the
worst results, with a lower ORR (27.3% vs. 73.7%, p <
0.001) and shorter PFS (2.44 vs. 25.35 months, p < 0.001).
Combining PD-L1 and CXCL12 levels has a higher pre-
dictive value for clinical outcomes.

By enabling customized therapies based on individ-
ual biomarker profiles, the use of cytokines, chemokines,
and new interleukins as cancer biomarkers has the po-
tential to transform personalized medicine by increasing
therapeutic efficacy and reducing adverse effects. Strict
clinical verification and standardized testing procedures
are necessary to guarantee these biomarkers’ dependability

[112]. Enhancing treatment methods and providing a full
knowledge of cancer biology can be achieved by inte-
grating data on cytokines and chemokines with genomes,
proteomics, and metabolomics. Technological develop-
ments like liquid biopsies and high-throughput tests will
enhance biomarker sensitivity and non-invasive monitor-
ing, enabling more accurate tracking of cancer growth and
treatment outcomes [113]. Management of patients and
customized therapy planning will be improved by incorpo-
rating cytokine and chemokine data into clinical decision
support systems. For novel biomarkers to be clinically
adopted, it is essential that they satisfy regulatory require-
ments and that ethical issues be addressed. Lastly, global
collaboration in research and the involvement of varied
populations will speed the creation and validation of novel
biomarkers, ensuring widespread use and efficacy [112].

9. Conclusions

Immune checkpoint inhibitors (ICIs) have revolutionized
the treatment of non-small cell lung cancer (NSCLC); how-
ever, they are effective for only a handful of patients, hence
appropriate biomarkers are required. Soluble biomarkers,
such as sPD-1, sPD-L1, and cytokines, show potential for
predicting and monitoring therapy results because of their
accessibility and association with clinical reactions. Mul-
tiple studies establish that higher levels of sPD-1 are an
adverse prognostic factor in NSCLC patients treated with
immunotherapy. Levels of soluble sPDL-2 do appear to
predict toxicity from immunotherapy but not survival. El-
evated levels of sCTLA-4, sLAG-3, and CXCL12 appear
to be adverse prognostic factors, but further studies are
needed to confirm the findings on those markers. Further-
more, cytokines play an important role in tumor devel-
opment and immunological regulation, supporting or in-
hibiting cancer progression. Pro-inflammatory cytokines
(TNF-α, IL-6, and IL-1β) promote inflammation, angio-
genesis, and tumor survival, whereas anti-inflammatory
cytokines (IL-10, TGF-β) control immune responses. Cy-
tokine levels may serve as biomarkers for predicting treat-
ment results in NSCLC patients, with continuing research
aimed at incorporating these biomarkers into customized
cancer therapy. The focus for future studies needs to
include clinical trials on large sample sizes, patients on
combination therapy, other soluble components such as
exosomes, longer follow-up periods and various ethnic
groups to fully understand the role of these soluble me-
diators as immunological biomarkers in immunotherapy
treated NSCLC patients.
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EGFR Epidermal Growth Factor Receptor
EMT Epithelial-Mesenchymal Transition
exoPD-L1 exosomal PD-L1
ICI Immune Checkpoint Inhibitors
IFN-γ Interferon-gamma γ
Ig-C Immunoglobulin-Like Constant Domain
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IL-1β Interleukin-1 beta
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IL-2 Interleukin-2
IL-6 Interleukin-6
IL-1RAcP IL-1 Receptor Accessory Protein
IL-8 Interleukin-8
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irAEs Immune-related Adverse Events
JAK Janus Kinase
LAG-3 Lymphocyte-activation Gene 3
MAPK Mitogen-Activated Protein Kinase
MDSCs Myeloid Derived Suppressor Cells
NF-κB Nuclear Factor Kappa B
NK Natural Killer
NSCLC Non-Small Cell Lung Cancer
ORR Objective Response Rate
OS Overall Survival

OX40 Tumor Necrosis Factor Receptor Superfamily,
Member 4

PD-1 Programmed Cell Death protein-1
PD-L1 Programmed Death Ligand-1
PET Positron Emission Tomography
PFS Progression-Free Survival
SCLC Small Cell Lung cancer
S-CTLA-4 Stromal Cytotoxic T-Lymphocyte Antigen 4

STAT-3 Signal Transducer and Activator of
Transcription 3

sPD-1 Soluble Programmed Death Protein-1
sPD-L1 Soluble Programmed Death Ligand-1
sPD-L2 Soluble Programmed Death Ligand-2
TGF-β Transforming Growth Factor-beta
TILs Tumor-Infiltrating Lymphocytes
T regs Regulatory T Cells
TCR T Cell Receptor

T-CTLA-4 Tumors’ Cytotoxic T-Lymphocyte Antigen 4
Th1/Th2 Helper T cells 1/2
TNF-α Tumor Necrosis Factor-α
Tyk2 Tyrosine Kinase 2
VEGF Vascular Endothelial Growth Factor
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