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Abstract: Background: In the recent years, immunotherapeutics and specifically immune-
checkpoints inhibitors have marked a significant shift in the diagnostic and therapeutic algorithm of
Non-Small Cell Lung Cancer (NSCLC), allowing us to use immunotherapeutics alone or combined
with chemotherapy for a great subset of patients. However, new interesting approaches are being
presently investigated, markedly immunotherapy combinations, that is, the use of two or more im-
munotherapeutics combined.

ARTICLE HISTORY

Methods: In particular, the combination of anti-PD-1 nivolumab and anti-CTLA-4 ipilimumab has
already provided groundbreaking positive results in the advanced NSCLC and other combinations
are currently under investigation.
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Results: Therefore, this paper aims to provide a comprehensive state-of-the-art review about immu-
notherapy combination, along with suggestions about future directions. A comprehensive literature
search was carried out to identify eligible studies from MEDLINE/PubMed and ClinicalTrials.gov.
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Conclusion: Nivolumab plus ipilimumab represent the most promising immunotherapy combina-
tion for the treatment of advanced NSCLC patients; safety, tolerability and efficacy of new immu-
notherapeutics (in monotherapy and in immunotherapy combinations) must be further assessed in

future studies.
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1. INTRODUCTION
1.1. Advanced NSCLC and Immunotherapy

To date, lung cancer - more specifically Non-Small Cell
Lung Cancer (NSCLC) that accounts for about 85% of all
lung cancer cases - is both the most frequently diagnosed and
deadliest cancer among males, while it is the third most fre-
quently diagnosed yet the deadliest one among females;
when we consider both sexes, it is both the most common
malignancy and the leading cause of death for cancer, ac-
counting for circa 12% of all cancers (approximately
2,000,000 cases/year) [1].

In this context, since nivolumab FDA (Food and Drug
Administration)-approval in early 2015, immunotherapy i.e.
employing substances to enhance patient’s immune system
response to cancer - more specifically in the form of ICIs
(Immune Checkpoint Inhibitors) has marked one of the most
significant shifts in the diagnostic and therapeutic paradigms
of advanced NSCLC (IIIB/IV TNM stage, accounting for
80% of all NSCLC diagnoses), managing to grant unprece-
dented results and becoming in few years the standard of

care in different settings, according to the most recent inter-
national guidelines [2].

1.2. Preclinical Rationale for Immunotherapy in Solid
Tumors

In order to evade immunosurveillance and more specifi-
cally to escape T-cell-mediated cytolysis, cells from different
solid tumors - notably NSCLC cells among them - manage to
create an immunosuppressive micro-environment, exploiting
to their advantage, a large set of immune-related molecules:
surface receptors, ligands and enzymes. Keeping in mind this
principle, to be able to understand and precisely modulate
the mechanisms underlying tumor microenvironment immu-
nity stimulation and immunosuppression is presently one of
the biggest challenges of pulmonary immune-oncology [3].
More specifically, some of these molecules have increas-
ingly gained attention over the last years and currently repre-
sent the most promising targets in this field.

1.2.1. Negative T-cells Immune-checkpoint Regulators
1.2.1.1. PD-L1-PD-1

*Address correspondence to this author at the Division of Medical Oncol-
ogy, S.G. Moscati Hospital, Contrada Amoretta, 83100 Avellino, Italy;
Tel: 0825203573; Fax: 0825 203556; E-mail: cgridelli@libero.it

2212-3938/20 $65.00+.00

PD-L1 (Programmed Death Ligand-1 also known as
CD274), is a member of the B7 protein family physiologi-
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cally expressed on APCs surface whose immunosuppressive
activity depends on binding with its receptor Programmed
Death Protein 1 (PD-1 also known as CD279), i.e. a trans-
membrane receptor mainly found on T-cells. In fact, the PD-
L1-PD1 binding (that mainly takes place in peripheral tis-
sues) causes T-cells inactivation and apoptosis [4-6]; how-
ever, also cancer cells have appropriated this mechanism,
(over)expressing PD-L1 on their surface, in order to evade
immunosurveillance and to escape T-cell-mediated cytolysis
[7-9].

Therefore, the PD-L1 - PD-1 pathway has become one of
the main targets of cancer immunotherapy, in fact, blocking
this immune checkpoint through specific monoclonal anti-
bodies targeting either PD-1 or PD-L1, prevents T-cells inac-
tivation and apoptosis and elicits the host’s immune response
to tumor cells [10, 11].

The only ICIs currently FDA and EMA-approved and
defined as the standard of care for metastatic NSCLC
(nivolumab, pembrolizumab and atezolizumab) employ this

mechanism of action, blocking either PD-1 (nivolumab and
pembrolizumab) or PD-L1 (atezolizumab) [12-14].

1.2.1.2. CTLA-4/CD28-B7-1/2

Physiologically, in order to be activated and to prolifer-
ate, T-cells need at least two different signals: TCR (T-cell
surface receptor)-MHC (APCs surface ligand) binding, that
qualifies as the principal activation signal and a costimula-
tory signal and CD28 (T-cell surface receptor)-B7-1/2
(APCs surface ligand) binding, that acts as a costimulatory
signal. On the other hand, CTLA-4 (CD 152) is a CD28 ho-
molog with superior binding affinity to B7, but, just like PD-
1, it is a negative regulator of the T-lymphocyte activation
and competes (principally in lymph nodes) with CD28 for
binding with B7, therefore, CTLA-4-(over)expression on the
surface of cancer cells and/or T-cells can avert the CD28-B7-
1/2 costimulatory signal, leading to T-cells anergy and apop-
tosis [15-18]. Similar to anti-PD-1/PD-L1 drugs, preventing
CTLA-4 from binding with B7 through a monoclonal anti-
body (anti CTLA-4 mAbs), T-lymphocyte anergy and apop-
tosis could be prevented, also enhancing the CD28-B7-1/2
binding ratio and thus improving T-cell activation and pro-
liferation [19, 20].

1.2.1.3. LAG-3-MHC II

LAG-3 (Lymphocyte activation gene-3, also known as
CD223) is another negative modulator of the T-cells activa-
tion, unlike PD-L1 and CTLA-4, however, it is found only
on the surface of activated T-lymphocytes (principally) [21,
22], NK cells, B cells and plasmacytoid DC, and exerts its
function by binding to its main ligand: class II MHC, ex-
pressed on the surface of APCs. Hence, the blockade of
LAG-3 pathway through anti-LAG-3 monoclonal antibodies
could represent a feasible way of enhancing T-cells activa-
tion and expansion [23].

1.2.1.4. TIM-3-TIM Ligands

TIM-3 (T cell immunoglobulin and mucin-domain con-
taining-3) is a co-inhibitory regulator of T-cells activity ex-
pressed on the surface of T-lymphocytes (mainly) and innate
immune cells, whose action is carried out by ligation with its
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(still partially unknown) ligands found on the surface of
APCs (galectin-9, Caecaml, phosphatidylserine and
HMGBI1 appear to be among the most probable ones) [24];
therefore, the use of anti-TIM-3 monoclonal antibodies to
block its pathway could be a promising approach to augment
the T-lymphocytes activity and thus, ultimately, the killing
of cancer cells [25].

1.2.1.5. B7-H3

Like PD-L1, B7-H3 (also known as CD276) is a T-cells
activity down-regulator, member of the B7 superfamily,
normally expressed on the surface of APCs, that achieves its
function by binding its still not clearly identified receptors
on the surface of T-lymphocytes [26, 27], nevertheless, can-
cer cells (NSCLC cells among them) exploit this molecule
too, (over)expressing it on their surface, in order to establish
an immunosuppressive micro-environment [28]. Conse-
quently, B7-H3 could represent a possible new target for
immune-oncology treatments [29, 30].

1.2.1.6. VISTA

V-domain Ig-containing Suppressor of T-cell Activation
(VISTA) is a negative modulator of T-lymphocytes activity
and proliferation expressing some unusual features; in fact, it
can be found both on T-cells surface, acting as a receptor and
on APCs cells surface, acting as a ligand; currently, its
ligand/receptor cannot be described, but it is supposed that
VISTA exerts its T-suppressive action through this binding
[31, 32]. In this sense, the inhibitory agents targeting VISTA
in order to prevent its binding seem to be another possible
way of improving the patient’s immune response to tumor
cells [33].

1.2.2. Negative NK Cells Inmune-checkpoint Regulators
1.2.2.1. KIR-MHC 1

Killer Ig-like Receptors (KIRs) are inhibitory receptors
found on the surface of NK cells, that block the NK cells
function and activation after ligation with specific MHC
class I molecules. In fact, both KIRs and MHC class I mole-
cules are associated with considerable polymorphisms and
mismatched KIR-MHC 1 association or the lack of MHC
class T molecules lead to MHC I-presenting cell cytolysis
[34]. Given that KIRs expression (alongside with other NK
cells defects) seems to be increased in cancer patients [35],
the use of anti-KIR monoclonal antibodies could enable us to
stimulate NK cells-dependent cancer killing [36, 37].

1.2.3. Positive T-cells Inmune-checkpoint Regulators
1.2.3.1. 4-1BB-4-1BB-L

4-1BB (also known as CD137 or TNFRSF9) is a member
of the tumor Necrosis Factor Receptor (TNFR) superfamily
located principally on the surface of activated T-cells, whose
ligand 4-1BB-L is expressed on the surface of APCs. Upon
binding with its ligand, 4-1BB acts as a co-stimulatory agent
(TCR-MHC I being the principal activation signal), induc-
ing pro-proliferative, pro-inflammatory, pro-cytotoxic and
pro-cytolytic signals in T-cells [38, 39]. Considering these
data, the stimulation of 4-1BB (and thus of T-cells-mediated
immunity) through agonistic monoclonal antibodies mimick-
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ing 4-1BB-L function could hold a potential role in cancer
immunotherapy [40, 41].

1.2.3.2. 0X40-0X40-L

0X40 (also known as CD134 or TNFRSF4) is another
member of the TNFR superfamily, notably found on the sur-
face of activated T-cells (but also on the surface of other
lymphoid and non-lymphoid cells), that provides activating
co-stimulatory signals to T-cells after its ligation with OX40-
L (found on the surface of APCs), that ultimately leads to
augmented proliferation, clonal expansion, survival and cy-
tokine production. Moreover, OX40-OX40-L ligation par-
tially suppresses Treg-cells activation, further enhancing the
above-mentioned process [42, 43]. Agonistic anti-OX40
monoclonal antibodies are currently under investigation in
order to exploit this pathway (and hence to boost immune
cells activity against tumor cells) in different cancer immu-
notherapy settings, advanced NSCLC among them [44].

1.2.3.3. GITR-GITRL and CD27-CD70

GITR (Glucocorticoid-Induced TNFR-related protein,
also known as TNFRSF18) and CD27 share a lot of features
with OX40. In fact, both GITR and CD27 represent mem-
bers of the TNFR family and are expressed on the surface of
activated T-cells and the interaction with their ligands
(GITRL and CD70, respectively) expressed on APCs trig-
gers co-stimulatory signals that boost T-effectors activity,
while suppressing Treg-cells functions [45, 46]. These data,
thus, provide the basis for a potential anti-GITR/CD27 ago-
nistic mAbs-based treatment [47, 48].

1.2.4. Other Tumor Microenvironment Immunosuppressive
Molecules

1.2.4.1. IDO1

Not only can cancer cells exploit immunosuppressive
receptors and ligands to evade immunosurveillance, they can
also employ immunosuppressive enzymes expressed in their
microenvironment. IDO1 (Indoleamine 2, 3-dioxygenases) is
a member of the family of tryptophan-catabolic enzymes -
responsible for catalyzing the conversion of tryptophan into
kynurenine - along with IDO2 and Tryptophan 2, 3-
Dioxygenase (TDO), however, IDO2 and TDO are less ex-
pressed and much more tissue-specific, qualifying IDO1 as
the key member. Physiologically, IDO1 contributes to the innate
immune mechanism, due to the anti-pathogen action of tryp-
tophan metabolites and to immune tolerability, considering
the fact that tryptophan metabolites exert immunosuppres-
sive activity through the inhibition of T-effectors and NK
cells functions and through the enhancement of Treg cells,
DCs and MDSCs (myeloid-derived suppressor cells) activity
[49, 50]. However, in more than 50% of cancers, tumor cells
(NSCLC cells among them [51, 52]) overexpress IDO1, con-
tributing to the creation of an immunosuppressive micro-
environment that ultimately leads to cancer cells immune
escape; the implementation of IDO1 inhibitors, could repre-
sent a feasible way of (partially) preventing immunosuppres-
sion [53-55].

1.2.4.2. Extracellular Adenosine

It is well established that, while in a physiological set-
ting, extracellular levels of adenosine are typically low, due
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to reduced extracellular ATP and adenosine production and
to cellular uptake mechanisms, hypoxia, tissue damage and
high cell turnover (notably associated with tumor microenvi-
ronment) can significantly increase extracellular ATP and
adenosine levels [56]. Extracellular adenosine, moreover,
upon interaction with its receptors Al, A2A (also known as
ADORAZ2A, presenting the highest affinity and currently
considered the major receptor), A2B and A3 - widely ex-
pressed on immune and endothelial cells - triggers immuno-
suppressive signals, that lead to intensified production of
immunosuppressive cytokines, up-regulation of PD-L1 and
CTLA-4 axes, inhibition of T-effectors activity and to the
enhancement of Treg cells proliferation and functions [57].
In light of these data, anti-ADORAZ2A treatment could hold a
potential role in cancer immunotherapy [58].

1.2.4.3. TGF-p

TGF-B (transforming growth factor- B) is a regulatory
polypeptide with some peculiar features, in fact, while
physiologically after ligation with its receptors, it exerts both
anti-tumor and immunosuppressive pro-tolerance activity,
the former through apoptosis, cell-cycle and differentiation
arrest, the latter through the suppression of T-effectors, NK
cells and DCs functions and through the boost of Tregs func-
tions; the TGF-P pathway can be dysregulated as well, mark-
edly in cancer. In this scenario, TGF- B acts as a pro-
oncogenic, promoting the establishment of an immunosup-
pressive micro-environment and favoring Epithelial-
Mesenchymal Transition (EMT), cell survival, proliferation
and angiogenesis [59-61]. TGF-f inhibitors are presently
under investigation in order to assess their suitability in vari-
ous neoplasms, metastatic NSCLC amongst them [62, 63].

1.3. Rationale for Immunotherapy Combinations in
Advanced NSCLC

Just like any other treatment, immunotherapy has to face
two major hurdles: response to therapy and resistance to
therapy. In fact, as the above-mentioned data have shown,
there is an extensive set of immune-related molecules under-
lying the creation of the immunosuppressive tumor microen-
vironment, therefore immunotherapy administered in mono-
therapy, targeting just one specific pathway, cannot grant in
the majority of cases, neither great RRs (response rates) nor
long term response due to both cancer cells intrinsic exploi-
tation of multiple pathways to evade immune-mediated kill-
ing and rapid adaptation under selective pressure to the same
end [64, 65].

In fact, taking into account specifically NSCLC and con-
sidering data from the trials that led to the approval of
nivolumab, pembrolizumab and atezolizumab in the second-
line setting after chemotherapy failure, it is worth to mention
that the RRs were 19%/ 20%, 18% and 14%, respectively,
while mOS (median overall survivals) were 12.2 months/9.2
months, 10.4 months and 13.8 months, respectively [66-69].
Therefore, immunotherapy combinations (i.e. the use of two
or more immunotherapeutics combined), targeting multiple
pathways at once, could represent an effective therapeutic
solution to enhance response to treatment and to delay the
establishment of acquired resistance mechanisms in NSCLC
[70-72].
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1.4. Current Landscape of Immunotherapy Combina-
tions in Advanced NSCLC: Anti PD-1/PD-L1 + Anti
CTLA-4

1.4.1. Durvalumab + Tremelimumab

One of the first immunotherapy combinations proposed
in IIIB/IV TNM stage NSCLC consisted of an anti-PD-L1
monoclonal antibody (durvalumab) plus an anti-CTLA-4
monoclonal antibody (tremelimumab). After initial promis-
ing results in a phase Ib trial in which durvalumab at a dose
of 20 mg/kg plus tremelimumab at a dose of 1 mg/kg every
4 weeks showed antitumor activity irrespectively of PD-L1
expression and a good safety and tolerability profile [73], it
was further investigated with the same dosage schedule in
three phase II1 trials: NEPTUNE, MY STIC and ARCTIC. In
the NEPTUNE study, 960 advanced NSCLC patients with-
out driver gene mutations were randomly assigned (1:1) to
receive durvalumab + tremelimumab or SoC (Standard of
Care) chemotherapy in a first-line setting, with OS as the
primary endpoint, in the MYSTIC trial, 1850 advanced
NSCLC patients without driver gene mutations were ran-
domly assigned (1:1:1) to receive durvalumab + tremelimu-
mab or SoC chemotherapy in a first-line setting, with PFS
and OS as primary endpoints. In the ARCTIC study, 900
advanced NSCLC patients without driver gene mutations
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that had already progressed on > 2 previous lines of therapy
(including one platinum-based one) were randomly assigned
(1:1) to receive + tremelimumab or SoC chemotherapy, PFS
and OS were the primary endpoints [74-76]. Unfortunately,
none of these trials managed to meet its primary endpoints,
failing to show better performances than SoC chemotherapy
[77].

1.4.2. Pembrolizumab + Ipilimumab

Another combinational approach is represented by pem-
brolizumab (anti PD-1) plus ipilimumab (anti CTLA-4), this
doublet was assessed in the cohorts D and H of phase I/II
study, the KEYNOTE-021 trial, in which it was administered
every three weeks (pembrolizumab 2 mg/kg + ipilimumab 1
mg/kg) to 45 advanced NSCLC-affected patients without
driver gene mutations that had already received > 1 line of
therapy. This association showed promising results that
proved to be irrespective of PD-L1 expression: ORR: 24%,
DOR (duration of response): 14 months, mPFS: 6 months,
mOS: 17 months, alongside with a favorable safety and tol-
erability profile: 67% of treated patients reported TRAEs
(Treatment-Related Adverse Events), 24% of which were
G3-G5 [78]. Due to these results, this combination (pem-
brolizumab at a dose of 200 mg every three weeks plus
ipilimumab at a dose of 1 mg/kg every six weeks) is presently

Table 1.  Available data on anti-PD-1/PD-L1 + anti-CTLA-4 immunotherapy combinations in advanced NSCLC.
Trial Phase and Combination Resultst
NCT02000947 Phase Ib ORR: 23%
Durvalumab + Tremelimumab G3-G5 TRAEs: 36%
in naive patients
KEYNOTE-021 Phase I/I1 ORR: 24%
(cohorts D and H) Pembrolizumab + ipilimumab DOR: 14 months
after > 1 line of therapy mPFS: 6 months
mOS: 17 months
Any grade TRAEs: 67%
G3-G5 TRAEs:24%
CheckMate 012 Phase 1 ORR: 47%
Nivolumab + ipilimumab G3-4 TRAEs: 37%
in naive patients mPFS: 8.1 months
(Schedule 1)
ORR: 38%
G3-4 TRAEs: 33%
mPFS: 3.9 months
(Schedule 2)
CheckMate 227 Phase III ORR: 45.3%
Nivolumab + ipilimumab 1-year PFS rate: 42.6%
in naive patients mPFS: 7.2 months
(TMB > 10 mutations per megabase) HR for PD or death: 0.58
G3-4 TRAEs rate: 31.2%
HR:0.77
mOS: 23.03 months
CheckMate 227 Phase III HR:0.78
Nivolumab + ipilimumab mOS: 16.20 months
in naive patients
(TMB < 10 mutations per megabase)

+TORR: Objective Response Rate, DOR: Duration of Response, mPFS: median Progression-Free Survival, mOS: median Overall Survival, TRAEs: Treatment-Related Adverse

Events according to the CTCAE, HR: Hazard Ratio, PD: Progression of disease
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Table2. Phase I/II trials of new immunotherapeutics + anti-PD-1/PD-L1/CTLA-4 ICIs or + other new immunotherapeutics in

advanced NSCLC.

ClinicalTrials.gov Identifier Designt Phase
NCT02460224 LAGS525 (anti LAG-3 mAb) = PDR001 (anti PD-1 ICI) 1
NCT03250832 TSR-033 (anti LAG-3 mAb) + Anti PD-1 ICI 1
NCT01968109 BMS-986016 (anti LAG-3 mAb) + Nivolumab (anti PD-1 ICI) I
NCT03005782 REGN3767 (anti LAG-3 mAb) + REGN2810 (anti PD-1 ICI) I
NCT02966548 BMS-986016 (anti LAG-3 mAb) + Nivolumab (anti PD-1 ICI) I
NCT03459222 BMS-986016 (anti LAG-3 mAb) + Nivolumab (anti PD-1 ICI) + BMS-986205 (IDO1 inhibitor) i

BMS-986016 (anti LAG-3 mAb) + Nivolumab(thi PD-1 ICI) + Ipilimumab (anti CTLA-4 ICI)
NCT03099109 LY3321367 (anti TIM-3 mAb) + LY3300054 (anti PD-L1 ICI) 1
NCT03744468 BGB-A425 (anti TIM-3 mAb) + Tislelizumab (anti PD-1 ICI) /1
NCT02608268 MBG453 (anti TIM-3 mAb) = PDR001 (anti PD-1 ICI) /1
NCT02817633 TSR-022 (anti TIM-3 mAb) + Anti-PD-1 ICI 1
NCT02475213 MGAZ271 (anti B7-H3 mAb) + Pembrolizumab (anti PD-1 ICI) 1
NCT02381314 MGAZ271 (anti B7-H3 mAb) + Ipilimumab (anti CTLA-4 ICT) I
NCT03406949 MGDO009 (anti B7-H3 mAb) + MGAO012 (anti PD-1 ICI) I
NCT03729596 MGCO018 (anti-B7-H3 mAb) + MGAO012 (anti PD-1 ICI) 1
NCT01750580 BMS-986015 (anti-KIR mAb) + Ipilimumab (anti CTLA-4 ICI) I
NCTO01714739 BMS-986015 (anti-KIR mAb) + Nivolumab (anti PD-1 ICI) + Ipilimumab (anti CTLA-4 ICT) 1
NCT03203876 BMS-986015 (anti-KIR mAb) + Nivolumab (anti PD-1 ICI) + Ipilimumab (anti CTLA-4 ICT) I
NCT02554812 PF-05082566 (agonistic anti-4-1BB mAb) + Avelumab (anti PD-L1 ICI) /I
PF-04518600 (agonistic anti—OX—4(;) inAb) + Avelumab (anti PD-L1 ICI)
PF-05082566 (agonistic anti-4-1BB mAb) + PF —O(Zer 18600 (agonistic anti-OX-40 mAb) + Avelumab
(anti PD-L1 ICI)
NCT02315066 PF-05082566 (agonistic anti-4-1BB mAb) + PF-04518600 (agonistic anti-OX-40 mAb) 1
NCT02528357 GSK3174998 (agonistic anti-OX-40 mAb) + Pembrolizumab (anti PD-1 ICI) 1
NCT02410512 MOXRO0916 (agonistic anti-OX-40 mAb) + Atezolizumab (anti PD-L1 ICI) 1
NCT02221960 MEDI6383 (agonistic anti-OX-40 mAb) £+ MEDI4736 (anti PD-L1 ICI) 1
NCT02740270 GWN323 (agonistic anti-GITR mAb) + PDR001 (anti-PD-1 ICI) 1
NCT03126110 INCAGNO01876 (agonistic anti-GITR mAb) + Nivolumab (anti PD-1 ICI) /11
INCAGNO1876 (agonistic anti—GlTR(r)rrlAb) + Ipilimumab (anti CTLA-4 ICI)
INCAGNO01876 (agonistic anti-GITR mAb) + Nivolt(l)rrnab (anti PD-1 ICI) + Ipilimumab (anti CTLA-4 ICI)
NCT02335918 Varlilumab (agonistic anti-CD27 mAb) + Nivolumab (anti PD-1 ICI) I/l
NCT02559492 INCB024360 (IDO1 inhibitor) + Pembrolizumab (anti PD-1 ICI) I
NCT03335540 BMS-986015 (anti-KIR mAb) + Nivolumab (anti PD-1 ICI) I
BMS-986016 (anti LAG-3 mA(Lr) + Nivolumab (anti PD-1 ICT)
BMS-986156 agonistic anti—GITR(i:lAb) + Nivolumab (anti PD-1 ICI)
BMS-986205 (IDO1 inhibitof)rJr Nivolumab (anti PD-1 ICI)

(Table 2) contd....
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ClinicalTrials.gov Identifier Designt Phase
NCT03491631 SHR9146 (IDO1 inhibitor) + SHR-1210 (anti PD-1 ICI) I
NCT03343613 LY3381916 (IDOLI inhibitor) = LY3300054 (anti PD-L1 ICI) 1
NCT03207867 NIR178 (ADORA2A inhibitor) + PDR001 (anti PD-1 ICI) 1I
NCT02403193 PBF-509 (ADORAZ2A inhibitor) £ PDR001 (anti PD-1 ICI) 1
NCT02655822 CPI-444 (ADORAZ2A inhibitor) + Atezolizumab (anti PD-L1 ICI) 1
NCT03629756 AB928 (ADORA2A inhibitor) + AB122 (anti PD-1 ICI) I
NCT02740985 AZD4635 (ADORA2A inhibitor) + Durvalumab (anti PD-L1 ICI) 1
NCT02423343 LY2157299 (TGF- B inhibitor) + Nivolumab (anti PD-1 ICI) I
NCT02937272 LY3200882 (TGF- B inhibitor) = LY3300054 (anti PD-L1 ICI) 1

+tmAb: monoclonal Antibody; ICI: Immune Checkpoint Inhibitor; LAG-3: Lymphocyte activation gene-3; TIM-3: T cell immunoglobulin and mucin-domain containing-3; KIR:
Killer Ig-like receptors; GITR: glucocorticoid -induced TNFR; IDO1: Indoleamine 2, 3-dioxygenases; TGF-: transforming growth factor-

being investigated in a phase III study in a first-line setting
for PD-L1 positive patients (PD-L1 expression > 50%) [79].

1.4.3. Nivolumab + Ipilimumab

Lastly, nivolumab (anti PD-1) + ipilimumab (anti CTLA-
4) is one of the most investigated and interesting combina-
tions currently available for the treatment of advanced
NSCLC without driver gene mutations. In fact, this doublet
was first assessed in a phase I study as a first-line setting
treatment (CheckMate 012), in which it was administered to
77 patients according to two different schedules (38 and 39
patients, respectively): nivolumab 3 mg/kg every 2 weeks +
ipilimumab 1 mg/kg every 12 weeks or every 6 weeks,
showing encouraging results: ORR: 47% and 38%, respec-
tively and a favorable safety and tolerability profile [80].

In addition, in a groundbreaking recent phase III trial
(CheckMate 227), exploiting the data from the CheckMate
568 trial [81], this combination was also evaluated in un-
treated IV stage NSCLC-affected patients without driver
gene mutations but with a high TMB (=10 mutations per
megabase), TMB standing for Tumor Mutational Burden,
that is to say the total number of mutations per DNA coding
region). One thousand one hundred and eighty-nine patients
with a PD-L1 expression of at least 1% were randomly as-
signed (1:1:1) to receive nivolumab (3 mg/kg every 2 weeks)
+ ipilimumab (1 mg/kg every 6 weeks), SoC chemotherapy
every 3 weeks for up to four cycles, or nivolumab (240 mg
every 2 weeks), while 550 patients with a PD-L1 expression
of less than 1% were randomly assigned (1:1:1), to receive
nivolumab (3 mg/kg every 2 weeks) + ipilimumab (1 mg/kg
every 6 weeks), SoC chemotherapy every 3 weeks for up to
four cycles, or nivolumab (360 mg) plus SoC chemotherapy
every 3 weeks for up to four cycles. As a result, in patients
with a high TMB, the nivolumab + ipilimumab combination
managed to grant better performances than SoC chemother-
apy according to every outcome measure considered, inde-
pendently of the PD-L1 expression levels: ORR: 45.3% vs.
26.9%, 1-year PFS rate: 42.6% vs. 13.2%, mPFS: 7.2 months
vs. 5.5%, Hazard Ratio for disease progression or death: 0.58
(P<0.001), G3-4 TRAESs rate: 31.2% vs. 36.1% [82]. How-
ever, in a recent press release, as requested by the EMA-
CHMP (Committee for Medicinal Products for Human Use)

in Europe and by the FDA (Food and Drugs Administration)
in the USA, the Bristol-Myers Squibb Company provided
additional information about the overall survival analyses of
the CheckMate-227 trial, involving both the high-TMB (>10
mutations per megabase) and the low-TMB (<10 mutations
per megabase) subgroups of patients. These updated analyses
showed that the HRs for OS with nivolumab plus ipilimu-
mab against chemotherapy were comparable between the
two subgroups (0.77 and 0.78, respectively) and that the
mOS data favored the immune combination over chemother-
apy in both these subsets of patients (23.03 months vs. 16.72
months and 16.20 months vs. 12.42, respectively), seemingly
redefining the Tumor Mutational Burden as a prognostic
biomarker and qualifying nivolumab + ipilimumab as the
most promising immunotherapy combination to date in the
treatment of advanced NSCLC, irrespectively of the
high/low TMB status and of the PD-L1 expression levels
[83] (Table 1).

1.5. Future Perspectives of Immunotherapy Combina-
tions in Advanced NSCLC: New Immunotherapeutics +
Anti-PD-1/PD-L1/CTLA-4 ICIS or + other New Immuno-
therapeutics

Apart from the well-established role of the PD-1 - PD-L1
and CTLA-4/CD28 - B7-1/2 pathways, the potential role in
the therapy of the new immune modulators (negative T-cells
immune-checkpoint regulators, negative NK cells immune-
checkpoint regulators, positive T-cells immune-checkpoint
regulators, other tumor microenvironment immunosuppressive
molecules) is practically uncharted. Therefore, the safety,
tolerability and efficacy profiles of immunotherapeutics spe-
cifically designed for these new targets are currently being
investigated in several phase I/II trials, both in monotherapy
and in combination (with anti-PD-1/PD-L1/CTLA-4 ICIs or
with other new immunotherapeutics) (Table 2) [84-119].

CONCLUSION

As the above-mentioned data have shown, to date, the
nivolumab plus ipilimumab association qualifies as the most
promising immunotherapy combination for the treatment of
advanced NSCLC patients, being the largest phase III study
with the most remarkable results in this field. As regards
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new immunotherapeutics, they represent undoubtedly inter-
esting - yet still fully investigational - agents, whose role in
therapy (both in monotherapy and in immunotherapy combi-
nations) needs to be further elucidated by ongoing trials.
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