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Simple Summary: Immunotherapy in the form of Immune Checkpoint Inhibitors which currently
represent one of the staples of advanced Non-Small Cell Lung Cancer treatment. However, as of
today, no prognostic factors are taken in account to shape immunotherapy-treated patient selection
and management according to the most authoritative international guidelines. Therefore, the identifi-
cation and evaluation of possible prognostic factors in this subset of patients represent an extremely
interesting and relevant topic.

Abstract: Taking into account the huge epidemiologic impact of lung cancer (in 2020, lung cancer
accounted for 2,206,771 of the cases and for 1,796,144 of the cancer-related deaths, representing the
second most common cancer in female patients, the most common cancer in male patients, and the
second most common cancer in male and female patients) and the current lack of recommendations
in terms of prognostic factors for patients selection and management, this article aims to provide an
overview of the current landscape in terms of currently available immunotherapy treatments and the
most promising assessed prognostic biomarkers, highlighting the current state-of-the-art and hinting
at future challenges.

Keywords: NSCLC; immunotherapy; prognostic factors; PD-L1; TMB; NLR; TILs; gut microbiota;
concomitant medications

1. Advanced NSCLC: Epidemiology and Subtypes

The Global Cancer Observatory recorded 19.3 million tumor cases worldwide, as well
as 9.9 million tumor-related deaths in 2020. In particular, lung cancer accounts for 2,206,771
of the cases and for 1,796,144 of the cancer-related deaths, representing the second most
common cancer in female patients (after breast cancer) and the most common cancer in male
patients; in addition, it represents the major cause of death in male patients while being
the second most common cause of cancer death in female patients (after breast cancer) [1].
Similarly, according to the American Cancer Society projections for 2022, 1,918,030 tumor
cases have occurred in the USA, alongside 609,360 tumor-related deaths. In particular,
lung cancer has been responsible for 236,740 of the cases and for 130,180 of the cancer-
related deaths, representing the second most common tumor in female patients (after breast
cancer), the second most common tumor in male and female patients (after breast cancer),
and the second most common tumor in male patients (after prostate cancer); moreover, it
has represented the major cause of death in male patients, in females, and in males and
females [2,3]. With respect to the histological definition, lung cancer can be classified in two
major subtypes: Non-Small Cell Lung Cancer (NSCLC, 85% of all the reported lung cancer
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cases) and Small Cell Lung Cancer (SCLC, 15% of all the reported lung cancer cases) [4–6].
In turn, NSCLC itself is further divided into three subgroups: adenocarcinoma (40–50% of
all the reported NSCLC cases), squamous cell carcinoma (20–30% of all the reported NSCLC
cases), and large cell carcinoma/not otherwise specified (10–20% of all the reported NSCLC
cases) [7–9]. With reference to the stage at diagnosis, approximately 50–60% of patients are
diagnosed with an advanced disease (stage IV of the TNM classification), approximately
20–25% of patients are diagnosed with a locally advanced disease (stage III of the TNM
classification), and approximately 20–25% of patients are diagnosed with an early disease
(stage I/II of the TNM classification) [10–12].

2. Immunotherapy in the Form of ICIs: Mechanisms of Action

All of the current FDA (U.S. Food and Drug Administration) and/or EMA (European
Medicines Agency)-approved and ASCO (American Society of Clinical Oncology) and/or
ESMO (European Society for Medical Oncology)-recommended immunotherapeutic drugs
for the treatment of advanced NSCLC fall under the category of immune checkpoint
inhibitors (ICIs) and are represented by: nivolumab, pembrolizumab, cemiplimab (anti
PD-1 mAbs); atezolizumab, and durvalumab (anti PD-L1 mAbs); and ipilimumab and
tremelimumab (anti CTLA-4, i.e., Cytotoxic T-Lymphocyte Antigen 4 mAbs). Immune
checkpoints (ICs) can be described as receptor–ligand pairs that, upon binding, stimulate
(positive ICs) or inhibit (negative ICs) immune system activity—especially cytotoxic T-cells’
activity In a physiological setting, ICs help in maintaining and regulating the immunological
tolerance and in fine-tuning the immune system responses. However, cancer cells can
exploit negative ICs to escape immune surveillance. As of today, the two best studied
and understood negative immune checkpoints are represented by PD-1-PD-L1 and by
CTLA-4-B7. The PD-L1 (Programmed Death Ligand 1) protein can be found on the surface
of the antigen-presenting cells (APCs) that inhibit T-cells’ activity upon ligation with its
receptor PD-1 (Programmed Death Protein 1), which is located on the T-cells’ surface. In
this vein, tumor cells can exploit this IC, expressing PD-L1 on their surface. This binding
takes place primarily in peripheral tissues. Similarly, the B7.1/2 protein can be found on the
surface of APCs, while its receptor CTLA-4 can be located on the surface of T cells; upon
ligation, this receptor–ligand pair blocks T-cell activity. This binding takes place primarily
in lymph nodes. Similarly to PD-L1, tumor cells can also express CTLA-4 on their surface.
In summary, ICIs exert their activity by stopping these receptor–ligand bindings, preventing
cancer cells from exploiting these negative ICs, and thus, inhibiting the cytotoxic T-cells’
activity, in turn in turn the immune surveillance and promoting cytotoxic T-cell-mediated
cancer cell death [13–25].

Apart from the established role of the immune checkpoints targeted by currently
approved and recommended ICIs, it is worth mentioning that the role of several other ICs
is currently being investigated in order to better understand the interplay between ICs in the
wider context of the tumor microenvironment and to find new suitable targets. However,
as of today, these new targets are still assessed at an investigational level. The T-cell
immunoglobulin and mucin-domain containing-3 (TIM-3), lymphocyte activation gene-3
(LAG-3), V-domain Ig suppressor of T-cell activation (VISTA), and OX40 and glucocorticoid-
induced TNFR-related protein (GITR) are part of the most promising new ICs; with the
exception of OX40 and GITR, they all act as negative ICs members [26,27]. TIM-3 is
expressed on the surface of different kinds of T-cells (CD4+ cells, CD8+ cells [28], T-reg
cells [29], and Th17 cells) [30], but also on the surface of APCs, and it exerts its activity
upon binding the galectin-9 expressed on tumor cells. It is believed to play a role in the
development of immune tolerance, and it also seems linked to T-cells’ exhaustion. In fact,
its upregulation on CD8+ T cells reduces their activity and [31,32] its upregulation on T
reg cells [33] enhances their performance [34]. In addition, TIM-3 is also expressed on
Tumor-Infiltrating Lymphocytes and the higher levels of expression seem to be associated
with a negative prognostic outcome [35]. The preclinical data point to the fact that a high
TIM-3 expression is linked to resistance to anti PD-1 ICIs, thus highlighting a possible role
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for a dual PD-1/TIM-3 blockade treatment strategy [36,37]. Similarly to TIM-3, LAG3 is
also expressed on the surface of T cells (especially TILs) and is also part of another negative
IC exerting its activity upon binding its binding partners: the class II MHC, galectin-3, and
LSECtin, which are expressed on the surface of tumor cells [38]. While in a physiological
setting, the LAG3 pathway is activated in order to regulate T-cell activation [39], and to
curb inflammatory responses [40], this pathway can also be exploited by cancer cells. The
high LAG-3 expression levels also seem to be related to the resistance to anti PD-1 ICIs and
with a negative prognostic outcome [41]; a dual PD-1/LAG-3 blockade therapy could also
represent a viable option. VISTA, on the other hand, can act as a ligand when expressed on
the surface of APCs and, more importantly, as a receptor when presented on the surface of
T cells (TILs included); the binding partner(s) of VISTA expressed on tumor cells are still
not fully identified [42–46]. Quite interestingly, while the higher VISTA expression levels
seem to be associated with the higher TILs levels, they also seem to be linked to a positive
prognostic outcome [47]. Conversely, OX 40 and its ligand OX40L represent a positive IC.
OX40 is expressed on the surface of T cells and TILs, while OX40L is expressed on the
surface of APCs [48–50]. In a physiological setting the OX-40-OX40L pathway mediates
the co-stimulatory signals for T-cells activation, survival, and activity [51,52]. TILs with
high OX40 expression levels seem to correlate with a positive prognostic outcome [53].
Therefore, OX40 agonizing monoclonal antibodies could represent an interesting strategy
aimed at boosting the patients’ immune system against cancer cells. Lastly, in the same
vein, GITR (expressed on the surface of T cells and TILs) and its ligand GITRL (expressed
on the surface of APCs) represent another positive IC and promote and regulate T-cells’
activation and activity. GITR agonists could provide interesting results in future clinical
trials [54–61] (Table 1).

As previously stated, early clinical trials are starting to investigate ICIs targeting these
new IC. While it is too early to draw definite conclusions, thanks to the above-mentioned
preclinical data, the most promising strategy is represented by a dual targeting of both the
traditional and new IC. The notable amount of ongoing trials underlines the great interest
towards this new approach (Table 2).

Table 1. Currently clinically targetable Immune Checkpoint and future candidates.

IC Binding Partners Expressed
Respectively on Role Targetability

PD-1—PD-L1 T cells—tumor cells Negative IC Currently targetable

CTLA-4—B7 T cells—tumor cells Negative IC Currently targetable

TIM-3—Galectin-9 T cells—tumor cells Negative IC Still not targetable

LAG3—class II MHC/galectin-3/LSECtin T cells—tumor cells Negative IC Still not targetable

VISTA—Still unknown T cells Negative IC Still not targetable

OX40—OX40L T cells—APCs Positive IC Still not targetable

GITR—GITRL T cells—APCs Positive IC Still not targetable

Table 2. Clinical trial investigating ICIs targeting new ICs.

IC ICI Design Identifier

TIM-3 LY3415244
(anti TIM-3 and PD-L1)

LY3415244
in

advanced or metastatic solid neoplasms
NCT03752177

TIM-3 LY3321367
(anti TIM-3)

LY3321367 ±
LY3300054

(anti PD-L1 ICI)
in

advanced or metastatic solid neoplasms

NCT03099109
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Table 2. Cont.

IC ICI Design Identifier

TIM-3 Sym023
(anti TIM-3)

Sym023
in

advanced or metastatic solid neoplasms or lymphomas
NCT03489343

TIM-3 TSR-022
(anti TIM-3)

TSR-022 + TSR-042
(anti PD-L1 ICI) +

carboplatin + pemetrexed/nab-paclitaxel
in

advanced or metastatic solid neoplasms

NCT03307785

TIM-3 Sym023
(anti TIM-3)

Sym023 +
Sym021

(anti PD-1 ICI)
in

advanced or metastatic solid neoplasms or lymphomas

NCT03311412

TIM-3 TSR-022
(anti TIM-3)

TSR-022 ± TSR-042 (anti PD-L1 ICI)
/

TSR-022 ± TSR-033 (anti LAG3 ICI)
in

advanced or metastatic solid neoplasms

NCT02817633

TIM-3 RO7121661
(anti TIM-3 and PD-1)

RO7121661
in

advanced or metastatic solid neoplasms
NCT03708328

TIM-3 INCAGN02390
(anti TIM-3)

INCAGN02390
in

advanced or metastatic solid neoplasms
NCT03652077

TIM-3 MBG453
(anti TIM-3)

MBG453 ± PDR001
(anti PD-1 ICI)

in
advanced or metastatic solid neoplasms

NCT02608268

TIM-3 BGB-A425
(anti TIM-3)

BGB-A425 ±
tislelizumab

(anti PD-1 ICI)
in

advanced or metastatic solid neoplasms

NCT03744468

LAG 3 Sym022
(anti LAG 3)

Sym022
in

advanced or metastatic solid neoplasms or lymphomas
NCT03489369

LAG 3 LAG525
(anti LAG 3)

LAG525 ±
PDR001

(anti PD-1 ICI)
in

advanced or metastatic solid neoplasms

NCT02460224

LAG 3 IMP321
(anti LAG 3)

IMP321
in

advanced or metastatic solid neoplasms
NCT03252938

LAG 3 Relatlimab
(anti LAG 3)

Relatlimab ±
nivolumab

in
advanced or metastatic solid neoplasms

NCT02966548

LAG 3 XmAb®22841
(anti LAG 3 and CTLA-4)

XmAb®22841 ±
pembrolizumab

in
advanced or metastatic solid neoplasms

NCT03849469
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Table 2. Cont.

IC ICI Design Identifier

LAG 3 Relatlimab
(anti LAG 3)

Relatlimab ±
nivolumab

in
advanced or metastatic solid neoplasms

NCT01968109

LAG 3 MGD013
(anti LAG 3)

MGD013
in

advanced or metastatic solid neoplasms or lymphomas
NCT03219268

VISTA CA-170
(anti VISTA and PD-L1 and PD-2)

CA-170
in

advanced or metastatic solid neoplasms or lymphomas
NCT02812875

OX40 MEDI0562
(anti OX-40)

MEDI0562 +
durvalumab

/
MEDI0562 +

tremelimumab
in

advanced or metastatic solid neoplasms

NCT02705482

OX40 MOXR0916
(anti OX-40)

MOXR0916 +
atezolizumab

in
advanced or metastatic solid neoplasms

NCT02410512

OX40 INCAGN01949
(anti OX-40)

INCAGN01949 +
nivolumab

/
INCAGN01949 +

ipilimumab
/

INCAGN01949 +
nivolumab

+
ipilimumab

in
advanced or metastatic solid neoplasms

NCT03241173

OX40 PF-04518600
(anti OX-40)

PF-04518600 ±
05082566

(4-1BB ICI)
in

advanced or metastatic solid neoplasms

NCT02315066

OX40 ATOR-1015
(anti OX-40)

ATOR-1015
in

advanced or metastatic solid neoplasms
NCT03782467

OX40 SL-279252
(anti OX-40)

SL-279252
in

advanced or metastatic solid neoplasms or lymphomas
NCT03894618

OX40 ATOR-1015
(anti OX-40)

ATOR-1015
in

advanced or metastatic solid neoplasms
NCT03782467

OX40 SL-279252
(anti OX-40)

SL-279252
in

advanced or metastatic solid neoplasms or lymphomas
NCT03894618

GITR INCAGN01876
(anti GITR)

INCAGN01876
in

advanced or metastatic solid neoplasms
NCT02697591
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Table 2. Cont.

IC ICI Design Identifier

GITR TRX518
(anti GITR)

TRX518
in

advanced or metastatic solid neoplasms
NCT01239134

GITR GWN323
(anti GITR)

GWN323 ± PDR001
(anti PD-1 ICI)

in
advanced or metastatic solid neoplasms or lymphomas

NCT02740270

GITR OMP-336B11
(anti GITR)

OMP-336B11
in

advanced or metastatic solid neoplasms
NCT03295942

3. Advanced NSCLC: Current Role of Immunotherapy

With reference to the above-mentioned EMA and/or FDA-approved ICIs, accord-
ing to the most recent ASCO and ESMO guidelines, they are granted their strongest
recommendations—alone or in combination with chemotherapy—in the first-line setting
for naïve non-oncogene-addicted patients. Therefore, these regimens represent, by far, the
most used treatments in a real-world scenario [62,63] (Table 3).

Table 3. Current ESMO and/or ASCO-recommended ICIs or ICI-containing combinations for the
treatment of naïve advanced NSCLC without driver mutations.

ICI or ICI-Containing
Combination Subset of Patients Regulatory Approval Pivotal Trial

Updated
Survival Data
(mPFS/OS) *

Pembrolizumab
Squamous and

nonsquamous with
PD-L1 TPS ≥ 50%

ASCO-recommended
ESMO-recommended

KEYNOTE-024
[64]

PFS: 7.7 months
OS: 26.3 months

Atezolizumab
Squamous and

nonsquamous with
PD-L1 TPS ≥ 50%

ASCO-recommended
ESMO-recommended

IMpower110
[65]

PFS: 8.2 months
OS: 18.9 months

Cemiplimab
Squamous and

nonsquamous with
PD-L1 TPS ≥ 50%

ASCO-recommended
ESMO-recommended

Empower-Lung 1
[66]

PFS: 6.3 months
OS: 23.4 months

Pembrolizumab
Squamous and

nonsquamous with any
PD-L1 TPS

ASCO-recommended KEYNOTE-042
[67]

PFS: 5.6 months
OS: 16.4 months

Nivolumab + Ipilimumab +
short course of platinum-based

histology-specific doublet
chemotherapy followed by
Nivolumab + Ipilimumab

Squamous and
nonsquamous with any

PD-L1 TPS

ASCO-recommended
ESMO-recommended

CheckMate 9LA
[68]

PFS: 6.4 months
OS: 15.8 months

Cemiplimab + platinum-based
histology-specific doublet
chemotherapy followed by

Cemiplimab (+Pemetrexed if
nonsquamous)

Squamous and
nonsquamous with any

PD-L1 TPS
ESMO-recommended Empower-Lung 3

[69]
PFS: 8.2 months
OS: 21.1 months

Pembrolizumab
Squamous and

nonsquamous with
PD-L1 TPS ≥ 50%

ASCO-recommended
ESMO-recommended

KEYNOTE-024
[64]

PFS: 7.7 months
OS: 26.3 months
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Table 3. Cont.

ICI or ICI-Containing
Combination Subset of Patients Regulatory Approval Pivotal Trial

Updated
Survival Data
(mPFS/OS) *

Durvalumab + Tremelimumab
+ platinum-based

histology-specific doublet
chemotherapy followed by

Durvalumab + one additional
Tremelimumab dose

(+Pemetrexed if nonsquamous)

Squamous and
nonsquamous with any

PD-L1 TPS
ESMO-recommended POSEIDON

[70]
PFS: 6.2 months
OS: 14.0 months

Nivolumab + Ipilimumab
Squamous and

nonsquamous with a
PD-L1 TPS ≥ 1%

ESMO-recommended CheckMate 227
[71]

PFS: 5.1 months
OS: 17.1 months

Pembrolizumab + Platinum +
Pemetrexed followed by

Pembrolizumab + Pemetrexed

Nonsquamous with
any PD-L1 TPS

ASCO-recommended
ESMO-recommended

KEYNOTE-189
[72]

PFS: 9.0 months
OS: 22.0 months

Atezolizumab + Carboplatin +
Nab-Paclitaxel followed by

Atezolizumab

Nonsquamous with
any PD-L1 TPS

ASCO-recommended
ESMO-recommended IMpower130 [73] PFS: 7.0 months

OS: 18.6 months

Atezolizumab + Carboplatin +
Paclitaxel + Bevacizumab

followed by Atezolizumab +
Bevacizumab

Nonsquamous with
any PD-L1 TPS

ASCO-recommended
ESMO-recommended

IMpower150
[74]

PFS: 8.4 months
OS: 19.5 months

Pembrolizumab + Carboplatin
+ (Nab)Paclitaxel followed by

Pembrolizumab

Squamous with any
PD-L1 TPS

ASCO-recommended
ESMO-recommended

KEYNOTE-407
[75]

PFS: 8.0 months
OS: 17.2 months

* mPFS: Median Progression Free Survival; mOS: Median Overall Survival.

4. Prognostic Factors in Advanced NSCLC Patients Treated with ICIs: Current State of
the Art and Future Possibilities
4.1. PD-L1

As the above-mentioned clinical trials and international recommendations show,
tumor tissue PD-L1 is the only sub-optimal biomarker whose predictive role is taken into
account when considering ICI treatment in advanced NSCLC patients; in fact, while the
higher PD-1 expression rates are linked to better responses to ICI treatment, patients that
do not express PD-L1 can still experience meaningful responses [76]. The same does not
apply, however, to its prognostic value. In fact, while large systematic studies are lacking,
the available data seem to show no correlation between the PD-L1 expression levels and the
survival outcomes [77]. On the other hand, the different levels of soluble PD-L1 detected in
the plasma of NSCLC patients receiving ICI seem to be associated with different responses.
While the lower levels of soluble PD-L1 seem to be associated with a favorable prognostic
value (longer PFS and OS-, higher ORR—Overall Response Rates), the higher levels seem to
be linked to a worse prognosis. A soluble PD-L1 assessment could offer an easily repeatable
test (as opposed to tumor tissue biopsy), while also allowing us to better follow the dynamic
changes associated with the response to therapy or lack thereof; these assessments, however,
are still in an experimental phase and far from standardization [78–81].

4.2. Tumor Mutational Burden

The role of Tumor Mutational Burden (TMB), meaning the amount of mutations per
DNA-coding regions, has also been investigated in advanced NSCLC patients receiving
immunotherapy, thanks to the preclinical evidence that higher mutations rates lead to
the higher levels of neoantigens (“hot tumors”), and thus, to a higher activation of the
immune system, rendering these tumors virtually more susceptible to ICI treatment [82–84].



Cancers 2023, 15, 4684 8 of 17

Similarly to PD-L1, almost all the major clinical trials have been focused on assessing
the TMB predictive value, yet without definite findings. In fact, while pembrolizumab
monotherapy in patients with ≥175 mutations per exome proved to be associated with
a positive predictive value in the KEYNOTE-010 and 042 trials, this was not the case
in the KEYNOTE-021 trial [85]. The combination of pembrolizumab + chemotherapy
was similarly not associated with a positive predictive value in the KEYNOTE-189 and
407 trials [86].

In the same vein, the biggest trial investigating the TMB role in this setting was the
CheckMate 227 study, assessing the nivolumab + ipilimumab association in 1189 naïve
NSCLC patients with a TMB ≥ 10 mutations per megabase. When compared to standard
chemotherapy, this association managed to provide superior results in terms of ORR, PFS,
and OS, seemingly establishing a high TMB as a predictive factor in this setting. However,
further data demonstrated that this benefit is also associated with a TMB < 10 mutations
per megabase, albeit with a lower magnitude (median OS: 23.03 months vs. 16.72 months
and 16.20 months vs. 12.42, respectively), thus possibly redefining TMB as a prognostic
factor. Once again, the lack of standardization in terms of the cut-off represents a key
problem [87,88].

4.3. Neutrophil-to-Lymphocytes Ratio

The preclinical data show that while lymphocytes (and particularly CD8+ ones) are
the main agents involved in cancer cells killing both directly and through cytokines (e.g.,
IFN-γ, IL-2, and IL-12), neutrophiles foster a pro-cancer inflammatory microenvironment
that inhibits lymphocytes activity via the production of a palette of cytokines (e.g., IL-10,
TNF-α, and VEGF) [89–91]. In this sense, an elevated (albeit with different cut-offs, ranging
from NLR ≥ 3 to NLR ≥ 5) Neutrophil-to-Lymphocyte Ratio (NLR) has been associated
with a poor prognostic value in NSCLC patients receiving chemotherapy, targeted therapy,
and immunotherapy. In fact, NSCLC patients with a high NLR receiving ICI consistently
experience shorter PFS and OS, as the data coming both from single experiences and
meta-analyses show [92–96]. For example, in a recent and large Italian retrospective trial,
252 advanced NSCLC patients receiving pembrolizumab in the first line setting were
assessed, employing a cut-off of NLR ≥ 4.8. As a result, patients with a high NLR presented
decisively lower OS results when compared to their low NLR counterparts: mOS 7.6 months
vs. 34.8 months; interestingly, patients with a very high NLR (>10) were associated with a
dismal prognosis: mOS: 3.8 months [97].

4.4. Tumor-Infiltrating Lymphocytes

Building on the same preclinical evidence, tumor-infiltrating lymphocytes (TILs)
could represent another valid prognostic factor in advanced NSCLC patients receiving
ICIs [89–91,98].

This hypothesis has been explored in a recent study in which 26 advanced NSCLC
patients receiving immunotherapy were enrolled. Patients whose tumor tissue presented
more than 886 CD8+ lymphocyte/mm2 were considered as high expressors, while patients
with less than 886 CD8+ lymphocyte/mm2 were considered low expressors. Low expres-
sors presented lower response rates to ICIs when compared to the high expressors (16.7%,
vs. 60%); moreover, patients whose tumor tissue presented CD8+/CD4+ ratios lower than
two showed lower response rates than patients whose tumor tissue presented a >2 ratio
RR (13.3% vs. 43 to 50%) [99]. While interesting, these factors need further validation and
standardization in larger trials.

4.5. Combined Scores

Apart from the NLR, other agents responsible for the pro-cancer inflammatory mi-
croenvironment are represented by high LDH and C-reactive protein levels; these markers
are also evaluated in different scores in combination with other factors that are classically
linked to poor prognosis in solid tumors, NSCLC included, like hypoalbuminemia and
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low platelet count [100–105]. As of today, several different combined scores have provided
interesting results in NSCLC patients receiving ICIs. The Glasgow Prognostic Score (GPS)
combines c-reactive protein levels >10 mg/L and hypoalbuminemia (<35 g/L), defining
three different scores: 0: CRP < 10 mg/L and albumin > 35 g/L; 1: CRP ≥ 10 mg/L or
albumin < 35 g/L; or 2: CRP > 10 mg/L and albumin < 35 g/L; higher GPS are associated
with lower PFS and OS results in patients receiving ICIs [106,107]. Similarly, the Lung
Immune Prognostic Index (LIPI) takes into account NLR (>3 as cutoff) and LDH (>upper
limit of normal as cutoff), defining three scores: good (0 factor), intermediate (1 factor),
and poor (2 factors); in several large studies, higher scores represent a poor prognostic
factor [108–110].

4.6. Gut Microbiota

An ever-growing set of preclinical data underlines the role of gut microbiota in
regulating adaptive and innate immunity, and thus, in partially positively regulating
immune responses against cancer cells [111–113]. However, as of today, neither the
precise mechanisms of action, the specific bacteria, nor the possible positive prognos-
tic value are well understood. Amidst conflicting data and theories, however, some species
seem to be more prevalent in patients benefitting from immunotherapy (Bifidobacterium
breve/adolescentis/longum) and they seem to exert this favorable effect by improving the
production of anti-cancer cytokines like IFN-γ and possibly by cross-reactions between
bacteria antigens and tumor ones [114–117].

4.7. Concomitant Medications

Several types of drugs have been postulated to negatively interfere with the survival
outcomes in solid tumors—NSCLC included—treated with ICIs, but Proton Pump In-
hibitors (PPIs), corticosteroids (CCS), and antibiotics (ATBs) are the classes that present
the most solid evidence and that thus seem to represent some negative prognostic factors.
While the CCS’s immune-suppressive role is well documented and understood and suf-
fices to explain their negative impact on ICIs’ activity, PPIs’ and ATBs’ interferences with
immunotherapy effects are still being investigated, but their modulating effects on the
gut microbiome seem to play a crucial role [118–124]. With specific respect to advanced
NSCLC, a very recent and large retrospective trial enrolling 950 advanced naïve NSCLC
receiving pembrolizumab further confirmed these findings, linking shorter OS to CCS’s,
ATBs’, and PPIs’ treatment [125].

4.8. High Body Mass Index

Obesity has been shown to be associated with a chronic state of inflammation and
this inflammation affects the host’s immune response, influencing ICIs’ efficacy in solid
tumors—NSCLC included. In particular, contrarily to most of the factors listed up to this
point, obesity (defined as patients’ BMI ≥ 30) seems to act as a positive prognostic factor
(longer PFS and OS, higher ORR) in cancer patients because it boosts the host’s immune
system, and thus, it ultimately enhances ICIs activity. While the exact mechanisms are still
not completely understood, leptin seems to play a key role. In fact, the enhanced leptin
signaling found in obese hosts leads to an increased number of exhausted T lymphocytes
(exhaustion which could be at least partially mediated via immune checkpoints); however,
quite paradoxically, these exhausted T lymphocytes seem to be more easily re-activated
and boosted by ICI treatment [126–135]. A recent and extensive international retrospective
study confirmed these findings in a large real-world cohort of 962 naïve advanced NSCLC
patients receiving pembrolizumab. In fact, obese patients (BMI ≥ 30) were found to present
longer PFS and OS and higher ORR rates [136]. Very interestingly, this favorable prognostic
role does not seem to be associated with overweight patients (BMI ≥ 25). In this vein, a
recent retrospective Japanese trial assessed 324 advanced NSCLC patients treated with
PD-1 inhibitors, dividing them in a non-overweight group (BMI < 25; 86.1%, 279 patients)
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and in an overweight one (13.9%, 45 patients). As a result, no significant differences were
found between the two groups in terms of ORR, PFS, and OS [137].

4.9. Weight Loss

While weight loss and cancer cachexia (mediated by cancer-linked pro-inflammatory
cytokines) are well-established negative prognostic factors in advanced NSCLC patients
receiving chemotherapy [138–141], they also seem to represent negative prognostic factors
in advanced NSCLC patients receiving ICI. In fact, several prospective and retrospective
international trials have consistently linked the lower ORR, PFS, and OS rates to weight
loss and cachexia in ICI-receiving patients. While the exact mechanisms behind this relation
are not fully understood, the pro-inflammatory microenvironment leading to cachexia
seems to play a central role in inhibiting the host’s immune system; in particular, these
pro-inflammatory cytokines seem to particularly affect the NLR and the gut microbiome
composition [142–147] (Table 4).

Table 4. Most promising prognostic factors under investigation in advanced NSCLC patients treated
with ICIs.

Factor Prognostic Value

High soluble PD-L1 levels Negative

High Tumor Mutational Burden Positive

High Neutrophil-to-lymphocytes ratio Negative

High levels of Tumor-infiltrating lymphocytes Positive

High Glasgow Prognostic Score Negative

High Lung Immune Prognostic Index Negative

Gut microbiota Debated

Corticosteroids, antibiotics, and PPI use Negative

High Body Mass Index Positive (BMI ≥ 30)

Weight loss and cachexia Negative

5. Conclusions

Immunotherapy has represented an incredible revolution in the field of advanced
NSCLC treatment; however, as of today (and as the most recent guidelines show), we
lack effective biomarkers to both more effectively select and manage patients who could
benefit the most from immunotherapy. As the above-mentioned data shows, several
different factors have been investigated, but easily assessable ones like NLR, BMI, and the
different combined scores not only present the most robust data, but also could allow us to
dynamically and periodically re-evaluate patients. The data derived from these biomarkers
are unlikely to lead to new strategies and to change our clinical practice; however, they
could represent a valid addition to our armamentarium for a more efficient patient selection.
In this sense, the comprehensive combined scores or panels could represent the most viable
option for optimizing the vast amount of different factors while taking into account their
complex interplay. The biggest problem regarding these factors, however, is represented by
the current lack of validation and standardization, which should be addressed with larger
and prospective trials [148,149].
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27. Krzyżanowska, N.; Wojas-Krawczyk, K.; Milanowski, J.; Krawczyk, P. Future Prospects of Immunotherapy in Non-Small-Cell
Lung Cancer Patients: Is There Hope in Other Immune Checkpoints Targeting Molecules? Int. J. Mol. Sci. 2022, 23, 3087.
[CrossRef]

28. Monney, L.; Sabatos, C.A.; Gaglia, J.L.; Ryu, A.; Waldner, H.; Chernova, T.; Manning, S.; Greenfield, E.A.; Coyle, A.J.; Sobel, R.A.;
et al. Th1-specific cell surface protein Tim-3 regulates macrophage activation and severity of an autoimmune disease. Nature
2002, 415, 536–541. [CrossRef]

https://doi.org/10.3322/caac.21660
https://www.ncbi.nlm.nih.gov/pubmed/33538338
https://doi.org/10.1016/j.suc.2021.12.001
https://www.ncbi.nlm.nih.gov/pubmed/35671760
https://doi.org/10.3322/caac.21708
https://www.ncbi.nlm.nih.gov/pubmed/35020204
https://doi.org/10.4065/83.3.355
https://www.ncbi.nlm.nih.gov/pubmed/18316005
https://doi.org/10.1136/tc.2007.022582
https://doi.org/10.1016/j.jtho.2016.05.024
https://doi.org/10.1016/S0025-6196(11)60735-0
https://doi.org/10.1001/jamaoncol.2021.4932
https://doi.org/10.3389/fonc.2017.00193
https://doi.org/10.1016/S0140-6736(21)00312-3
https://doi.org/10.5114/wo.2021.103829
https://doi.org/10.21037/tlcr.2016.06.07
https://www.ncbi.nlm.nih.gov/pubmed/27413711
https://doi.org/10.1158/2159-8290.CD-18-0367
https://www.ncbi.nlm.nih.gov/pubmed/30115704
https://doi.org/10.1136/esmoopen-2017-000213
https://doi.org/10.1002/jcph.591
https://doi.org/10.2174/0929867324666170804143706
https://doi.org/10.1146/annurev-pathol-042020-042741
https://doi.org/10.3390/cancers12123504
https://doi.org/10.3389/fphar.2017.00561
https://doi.org/10.3389/fimmu.2017.01597
https://doi.org/10.1016/j.jtho.2016.04.014
https://doi.org/10.3747/co.25.3976
https://www.ncbi.nlm.nih.gov/pubmed/30111979
https://doi.org/10.1097/COC.0000000000000239
https://www.ncbi.nlm.nih.gov/pubmed/26558876
https://doi.org/10.1186/s40425-018-0349-3
https://doi.org/10.4049/jimmunol.177.2.1052
https://doi.org/10.21037/tlcr-20-1019
https://doi.org/10.3390/ijms23063087
https://doi.org/10.1038/415536a


Cancers 2023, 15, 4684 12 of 17

29. Gao, X.; Zhu, Y.; Li, G.; Huang, H.; Zhang, G.; Wang, F.; Sun, J.; Yang, Q.; Zhang, X.; Lu, B. TIM-3 expression characterizes
regulatory T cells in tumor tissues and is associated with lung cancer progression. PLoS ONE 2012, 7, e30676. [CrossRef]

30. Hastings, W.D.; Anderson, D.E.; Kassam, N.; Koguchi, K.; Greenfield, E.A.; Kent, S.C.; Zheng, X.X.; Strom, T.B.; Hafler, D.A.;
Kuchroo, V.K. TIM-3 is expressed on activated human CD4+ T cells and regulates Th1 and Th17 cytokines. Eur. J. Immunol. 2009,
39, 2492–2501. [CrossRef]

31. Zhou, Q.; Munger, M.E.; Veenstra, R.G.; Weigel, B.J.; Hirashima, M.; Munn, D.H.; Murphy, W.J.; Azuma, M.; Anderson, A.C.;
Kuchroo, V.K.; et al. Coexpression of Tim-3 and PD-1 identifies a CD8+ T-cell exhaustion phenotype in mice with disseminated
acute myelogenous leukemia. Blood 2011, 117, 4501–4510. [CrossRef] [PubMed]

32. Li, Z.; Liu, X.; Guo, R. TIM-3 plays a more important role than PD-1 in the functional impairments of cytotoxic T cells of malignant
Schwannomas. Tumour Biol. 2017, 39, 1010428317698352. [CrossRef] [PubMed]

33. Sakuishi, K.; Ngiow, S.F.; Sullivan, J.M.; Teng, M.W.; Kuchroo, V.K.; Smyth, M.J.; Anderson, A.C. TIM3FOXP3 regulatory T cells
are tissue-specific promoters of T-cell dysfunction in cancer. Oncoimmunology 2013, 2, e23849. [CrossRef]

34. Gautron, A.S.; Dominguez-Villar, M.; de Marcken, M.; Hafler, D.A. Enhanced suppressor function of TIM-3+ FoxP3+ regulatory T
cells. Eur. J. Immunol. 2014, 44, 2703–2711. [CrossRef]

35. Jia, K.; He, Y.; Dziadziuszko, R.; Zhao, S.; Zhang, X.; Deng, J.; Wang, H.; Hirsch, F.R.; Zhou, C.; Yu, H.; et al. T cell immunoglobulin
and mucin-domain containing-3 in non-small cell lung cancer. TLCR Transl. Lung Cancer Res. 2019, 8, 895. [CrossRef] [PubMed]

36. Koyama, S.; Akbay, E.A.; Li, Y.Y.; Herter-Sprie, G.S.; Buczkowski, K.A.; Richards, W.G.; Gandhi, L.; Redig, A.J.; Rodig, S.J.;
Asahina, H.; et al. Adaptive resistance to therapeutic PD-1 blockade is associated with upregulation of alternative immune
checkpoints. Nat. Commun. 2016, 7, 10501. [CrossRef] [PubMed]

37. Sakuishi, K.; Apetoh, L.; Sullivan, J.M.; Blazar, B.R.; Kuchroo, V.K.; Anderson, A.C. Targeting Tim-3 and PD-1 pathways to reverse
T cell exhaustion and restore anti-tumor immunity. J. Exp. Med. 2010, 207, 2187–2194. [CrossRef]

38. Turnis, M.E.; Andrews, L.P.; Vignali, D.A. Inhibitory receptors as targets for cancer immunotherapy. Eur. J. Immunol. 2015, 45,
1892–1905. [CrossRef] [PubMed]

39. Workman, C.J.; Rice, D.S.; Dugger, K.J.; Kurschner, C.; Vignali, D.A. Phenotypic analysis of the murine CD4-related glycoprotein,
CD223 (LAG-3). Eur. J. Immunol. 2002, 32, 2255–2263. [CrossRef]

40. Xu, F.; Liu, J.; Liu, D.; Liu, B.; Wang, M.; Hu, Z.; Du, X.; Tang, L.; He, F. LSECtin expressed on melanoma cells promotes tumor
progression by inhibiting antitumor T-cell responses. Cancer Res. 2014, 74, 3418–3428. [CrossRef]

41. He, Y.; Yu, H.; Rozeboom, L.; Rivard, C.J.; Ellison, K.; Dziadziuszko, R.; Suda, K.; Ren, S.; Wu, C.; Hou, L.; et al. LAG-3 Protein
Expression in Non–Small Cell Lung Cancer and Its Relationship with PD-1/PD-L1 and Tumor-Infiltrating Lymphocytes. JTO J.
Thorac. Oncol. 2017, 12, 814–823. [CrossRef] [PubMed]

42. Kakavand, H.; Jackett, L.A.; Menzies, A.M.; Gide, T.N.; Carlino, M.S.; Saw, R.P.M.; Thompson, J.F.; Wilmott, J.S.; Long, G.V.;
Scolyer, R.A. Negative immune checkpoint regulation by VISTA: A mechanism of acquired resistance to anti-PD-1 therapy in
metastatic melanoma patients. Mod. Pathol. 2017, 30, 1666–1676. [CrossRef] [PubMed]

43. Wang, L.; Rubinstein, R.; Lines, J.L.; Wasiuk, A.; Ahonen, C.; Guo, Y.; Lu, L.F.; Gondek, D.; Wang, Y.; Fava, R.A.; et al. VISTA,
a novel mouse Ig superfamily ligand that negatively regulates T cell responses. J. Exp. Med. 2011, 208, 577–592. [CrossRef]
[PubMed]

44. Nowak, E.C.; Lines, J.L.; Varn, F.S.; Deng, J.; Sarde, A.; Mabaera, R.; Kuta, A.; Le Mercier, I.; Cheng, C.; Noelle, R.J. Immunoregula-
tory functions of VISTA. Immunol. Rev. 2017, 276, 66–79. [CrossRef]

45. Lines, J.L.; Pantazi, E.; Mak, J.; Sempere, L.F.; Wang, L.; O’Connell, S.; Ceeraz, S.; Suriawinata, A.A.; Yan, S.; Ernstoff, M.S.; et al.
VISTA is an immune checkpoint molecule for human T cells. Cancer Res. 2014, 74, 1924–1932. [CrossRef]

46. Le Mercier, I.; Chen, W.; Lines, J.L.; Day, M.; Li, J.; Sergent, P.; Noelle, R.J.; Wang, L. VISTA Regulates the Development of
Protective Antitumor Immunity. Cancer Res. 2014, 74, 1933–1944. [CrossRef]

47. Villarroel-Espindola, F.; Yu, X.; Datar, I.; Mani, N.; Sanmamed, M.; Velcheti, V.; Syrigos, K.; Toki, M.; Zhao, H.; Chen, L.; et al.
Spatially Resolved and Quantitative Analysis of VISTA/PD-1H as a Novel Immunotherapy Target in Human Non-Small Cell
Lung Cancer. Clin. Cancer Res. 2018, 24, 1562–1573. [CrossRef]

48. Baumann, R.; Yousefi, S.; Simon, D.; Russmann, S.; Mueller, C.; Simon, H.U. Functional expression of CD134 by neutrophils. Eur.
J. Immunol. 2004, 34, 2268–2275. [CrossRef]

49. Valzasina, B.; Guiducci, C.; Dislich, H.; Killeen, N.; Weinberg, A.D.; Colombo, M.P. Triggering of OX40 (CD134) on CD4+CD25+ T
cells blocks their inhibitory activity: A novel regulatory role for OX40 and its comparison with GITR. Blood 2005, 105, 2845–2851.
[CrossRef]

50. Baum, P.R.; Gayle, R.B., 3rd; Ramsdell, F.; Srinivasan, S.; Sorensen, R.A.; Watson, M.L.; Seldin, M.F.; Baker, E.; Sutherland, G.R.;
Clifford, K.N.; et al. Molecular characterization of murine and human OX40/OX40 ligand systems: Identification of a human
OX40 ligand as the HTLV-1-regulated protein gp34. EMBO J. 1994, 13, 3992–4001. [CrossRef]

51. Crotty, S. T follicular helper cell differentiation, function, and roles in disease. Immunity 2014, 41, 529–542. [CrossRef] [PubMed]
52. Rogers, P.R.; Song, J.; Gramaglia, I.; Killeen, N.; Croft, M. OX40 promotes Bcl-xL and Bcl-2 expression and is essential for long-term

survival of CD4 T cells. Immunity 2001, 15, 445–455. [CrossRef] [PubMed]
53. He, Y.; Zhang, X.; Jia, K.; Dziadziuszko, R.; Zhao, S.; Deng, J.; Wang, H.; Hirsch, F.R.; Zhou, C. OX40 and OX40L protein expression

of tumor infiltrating lymphocytes in non-small cell lung cancer and its role in clinical outcome and relationships with other
immune biomarkers. Transl. Lung Cancer Res. 2019, 8, 352–366. [CrossRef] [PubMed]

https://doi.org/10.1371/journal.pone.0030676
https://doi.org/10.1002/eji.200939274
https://doi.org/10.1182/blood-2010-10-310425
https://www.ncbi.nlm.nih.gov/pubmed/21385853
https://doi.org/10.1177/1010428317698352
https://www.ncbi.nlm.nih.gov/pubmed/28475007
https://doi.org/10.4161/onci.23849
https://doi.org/10.1002/eji.201344392
https://doi.org/10.21037/tlcr.2019.11.17
https://www.ncbi.nlm.nih.gov/pubmed/32010568
https://doi.org/10.1038/ncomms10501
https://www.ncbi.nlm.nih.gov/pubmed/26883990
https://doi.org/10.1084/jem.20100643
https://doi.org/10.1002/eji.201344413
https://www.ncbi.nlm.nih.gov/pubmed/26018646
https://doi.org/10.1002/1521-4141(200208)32:8%3C2255::AID-IMMU2255%3E3.0.CO;2-A
https://doi.org/10.1158/0008-5472.CAN-13-2690
https://doi.org/10.1016/j.jtho.2017.01.019
https://www.ncbi.nlm.nih.gov/pubmed/28132868
https://doi.org/10.1038/modpathol.2017.89
https://www.ncbi.nlm.nih.gov/pubmed/28776578
https://doi.org/10.1084/jem.20100619
https://www.ncbi.nlm.nih.gov/pubmed/21383057
https://doi.org/10.1111/imr.12525
https://doi.org/10.1158/0008-5472.CAN-13-1504
https://doi.org/10.1158/0008-5472.CAN-13-1506
https://doi.org/10.1158/1078-0432.CCR-17-2542
https://doi.org/10.1002/eji.200424863
https://doi.org/10.1182/blood-2004-07-2959
https://doi.org/10.1002/j.1460-2075.1994.tb06715.x
https://doi.org/10.1016/j.immuni.2014.10.004
https://www.ncbi.nlm.nih.gov/pubmed/25367570
https://doi.org/10.1016/S1074-7613(01)00191-1
https://www.ncbi.nlm.nih.gov/pubmed/11567634
https://doi.org/10.21037/tlcr.2019.08.15
https://www.ncbi.nlm.nih.gov/pubmed/31555511


Cancers 2023, 15, 4684 13 of 17

54. Snell, L.M.; McPherson, A.J.; Lin, G.H.; Sakaguchi, S.; Pandolfi, P.P.; Riccardi, C.; Watts, T.H. CD8 T cell-intrinsic GITR is required
for T cell clonal expansion and mouse survival following severe influenza infection. J. Immunol. 2010, 185, 7223–7234. [CrossRef]

55. Nocentini, G.; Riccardi, C. GITR: A modulator of immune response and inflammation. Adv. Exp. Med. Biol. 2009, 647, 156–173.
56. Snell, L.M.; Lin, G.H.; McPherson, A.J.; Moraes, T.J.; Watts, T.H. T-cell intrinsic effects of GITR and 4-1BB during viral infection

and cancer immunotherapy. Immunol. Rev. 2011, 244, 197–217. [CrossRef]
57. Kanamaru, F.; Youngnak, P.; Hashiguchi, M.; Nishioka, T.; Takahashi, T.; Sakaguchi, S.; Ishikawa, I.; Azuma, M. Costimulation via

glucocorticoid-induced TNF receptor in both conventional and CD25+ regulatory CD4+ T cells. J. Immunol. 2004, 172, 7306–7314.
[CrossRef]

58. Ko, K.; Yamazaki, S.; Nakamura, K.; Nishioka, T.; Hirota, K.; Yamaguchi, T.; Shimizu, J.; Nomura, T.; Chiba, T.; Sakaguchi, S.
Treatment of advanced tumors with agonistic anti-GITR mAb and its effects on tumor-infiltrating Foxp3+CD25+CD4+ regulatory
T cells. J. Exp. Med. 2005, 202, 885–891. [CrossRef]

59. Clouthier, D.L.; Watts, T.H. Cell-specific and context-dependent effects of GITR in cancer, autoimmunity, and infection. Cytokine
Growth Factor Rev. 2014, 25, 91–106. [CrossRef]

60. Aida, K.; Miyakawa, R.; Suzuki, K.; Narumi, K.; Udagawa, T.; Yamamoto, Y.; Chikaraishi, T.; Yoshida, T.; Aoki, K. Suppression of
Tregs by anti-glucocorticoid induced TNF receptor antibody enhances the antitumor immunity of interferon-alpha gene therapy
for pancreatic cancer. Cancer Sci. 2014, 105, 159–167. [CrossRef]

61. Zhou, P.; L’italien, L.; Hodges, D.; Schebye, X.M. Pivotal roles of CD4+ effector T cells in mediating agonistic anti-GITR
mAb-induced-immune activation and tumor immunity in CT26 tumors. J. Immunol. 2007, 179, 7365–7375. [CrossRef]

62. Hendriks, L.E.; Kerr, K.M.; Menis, J.; Mok, T.S.; Nestle, U.; Passaro, A.; Peters, S.; Planchard, D.; Smit, E.F.; Solomon, B.J.; et al.
Non-oncogene-addicted metastatic non-small-cell lung cancer: ESMO Clinical Practice Guideline for diagnosis, treatment and
follow-up. Ann. Oncol. 2023, 34, 358–376. [CrossRef] [PubMed]

63. Singh, N.; Temin, S.; Baker, S., Jr.; Blanchard, E.; Brahmer, J.R.; Celano, P.; Duma, N.; Ellis, P.M.; Elkins, I.B.; Haddad, R.Y.; et al.
Therapy for Stage IV Non-Small-Cell Lung Cancer without Driver Alterations: ASCO Living Guideline. J. Clin. Oncol. 2022, 40,
3323–3343. [CrossRef] [PubMed]
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