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Simple Summary: Despite the use of novel agents in the first-line therapeutic setting, such as PD-
1/PDL1 axis blockers for non-oncogene addicted non-small-cell lung cancer, most patients with
advanced disease experience progression will succumb to the illness within a short period of time.
Currently, the standard second-line treatment consists primarily of systemic cytotoxic therapies,
which typically yield poor outcomes. Recently, several novel therapeutic strategies have emerged
that may improve patient outcomes. This article reviews current state-of-the-art treatments in this
scenario and highlights potential future options.

Abstract: Immune checkpoint inhibitors (ICIs) have revolutionized the management of non-oncogene
addicted non-small-cell lung cancer (NSCLC). Blocking the anti-PD-1 axis represents the current
standard of care in the first-line setting, with drugs administered either as monotherapy or in
combination with chemotherapy. Despite notable successes achieved with ICIs, most of their long-
term benefits are restricted to approximately 20% of patients. Consequently, the post-failure treatment
landscape after failure to first-line treatment remains a complex challenge. Currently, docetaxel
remains the preferred option, although its benefits remain modest as most patients do not respond or
progress promptly. In recent times, novel agents and treatment combinations have emerged, offering
fresh opportunities to improve patient outcomes. ICIs combined either with antiangiogenic or other
novel immunotherapeutic compounds have shown promising preliminary activity. However, more
mature data concerning specific combinations do not support their benefit over standard of care. In
addition, antibody—drug conjugates seem to be the most promising alternative among all available
compounds according to already-published phase I/II data that will be confirmed in soon-to-be-
published phase III trial data. In this report, we provide a comprehensive overview of the current
second-line treatment options and discuss future therapeutic perspectives.

Keywords: second line NSCLC; antibody-drug conjugates; immunotherapy combinations

1. Introduction

Lung cancer is a leading cause of cancer-death worldwide, with non-small-cell lung
cancer (NSCLC) accounting for 80-85% of cases. More than half of patients are diagnosed
with advanced disease, which even nowadays results in an incurable condition for most
patients [1,2].

Increasing molecular and tumor biology knowledge has notably changed cancer
treatment paradigms. Notably, the discovery of genomic aberrations dictating oncogene
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addiction—such as EGFR mutations, ALK rearrangements, and others—has led to a major
revolution not only in the prognosis but also in the quality of life of this subgroup of
patients. Regrettably, scarcely 40-60% of NSCLC have driver alterations amenable for
targeted therapeutic interventions [3].

Immune-checkpoint inhibitors (ICls), particularly programmed cell death-1 (PD-1) axis
blockers, have revolutionized the management of many solid tumors. For non-oncogene
addicted NSCLC, PD-1 axis blockade represents the current standard of care in the first-line
setting, either as monotherapy or in combination, depending largely on programmed cell
death ligand-1 (PD-L1) expression in tumor cells (TPS) [4].

Pembrolizumab, a humanized monoclonal anti-PD-1 antibody, demonstrated consis-
tent overall survival (OS) benefit [HR:0.62 (0.48-0.81), median OS 26.3 versus 13.4 months],
compared to platinum doublet chemotherapy in patients with PD-L1 expression in more
than 50% of tumor cells (PD-L1 > 50%). These data were subsequently confirmed with
longer follow-up and validated in other trials with alternative PD-1/PD-L1 axis blockers
such as atezolizumab (anti-PD-L1) and cemiplimab (anti PD-1), with similar outcomes [5-7].

Chemotherapy nevertheless remains an important component of the treatment strat-
egy, particularly in patients with low PD-L1 expression (<50%). Through its immunogenic
properties, platinum-based chemotherapy can empower the effect of immunotherapy, in-
ducing immunogenic death and modulating the immunosuppressive landscape of the
tumor microenvironment (TME) [8]. For these reasons, ICIs have been successfully devel-
oped in combination with platinum-based chemotherapy as a first-line treatment, with
almost half of the treated patients alive after two years. Platinum doublets with pemetrexed
or paclitaxel, according to histology, plus ICIs represents the standard of care in patients
without tumor PD-L1 overexpression. The KEYNOTE 189 and 407 trials demonstrated
efficacy of chemotherapy associated with pembrolizumab, while the Checkmate 9LA trial
evaluated nivolumab and ipilimumab with a short course of chemotherapy;, for 2 cycles,
with a favorable risk-benefit profile [9-12].

Despite the relevant results with first-line ICIs in advanced NSCLC, primary and
secondary resistance still occurs, while, unfortunately, only a small proportion of patients
demonstrate sustained benefit from immunotherapy. This translates into a 5-year OS
rate that ranges between 31% and 12.5% according to PD-L1 status and histology. The
corresponding figures for progression-free survival (PFS) are 7.5-10.8%, which underscores
the need to fully understand the mechanisms of primary and adaptive resistance and to
develop effective salvage therapies [10-12].

Nowadays, the standard of care second-line treatment for NSCLC patients consists
mainly of cytotoxic agents either as monotherapy or in combination with other drugs. This
review aims to provide the state-of-the-art treatment approaches in this clinical context and
to highlight potential options after progression on first-line treatments, including IClIs, for
patients with non-oncogene addicted metastatic NSCLC.

2. Materials and Methods

This is a non-systematic review of current concepts in second-line treatments for
non-oncogene addicted metastatic NSCLC. References were identified through searches of
PubMed using the terms “second-line NSCLC” (4266 results; 624 clinical trials), “NSCLC
immunotherapy resistance” (848 results; 27 clinical trials), and in clinical trial registries
(clinicaltrials.gov). Articles were selected based mainly on their clinical applicability, with
priority given to practice-changing clinical trials or relevant translational or comprehensive
reviews published in the last five years. Relevant articles were also identified through
searches of the authors’ files and bibliographies of papers. Unpublished reports from
scientific conferences (ASCO, ESMO, WLCC, STIC) were identified from abstract books.
Only articles published in English were included. All the references cited in this article
were reviewed.
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3. Results
3.1. Chemotherapy + Antiangiogenic Agents
3.1.1. Chemotherapy

Second-line chemotherapy is generally proposed following a combination of first-line
chemotherapy plus immunotherapy, administered either concurrently or sequentially. Infer-
ring data from the pre-ICI era, docetaxel is considered the standard of care, while alternative
solutions could be represented by nab-paclitaxel, gemcitabine and vinorelbine [13-17]. In
addition, in specific circumstances or within certain geographically defined regions, peme-
trexed or tegafur/gimeracil/oteracil (5-1) may, respectively, emerge as alternative options
as well [18,19].

Interestingly, considerable evidence suggests that prior immunotherapy could en-
hance the efficacy of subsequent cytotoxic agents, improving tumor control over time.
As an example, in a study of 77 patients, the overall response rate (ORR) to chemother-
apy administered after immunotherapy was significantly higher compared to the same
chemotherapy regimen administered in patients who did not receive prior immunotherapy
(66.7-39.5%) [20]. Another study also demonstrated that second-line chemotherapy out-
comes were better for patients who achieved disease control with prior immunotherapy
(ORR 66.7% versus 16.7%) [21]. Notably, outcomes with docetaxel were improved in recent
clinical trials compared to those carried out prior to the introduction of ICIs, as shown in
the comparator arm of the Codebreak-200 study (ORR: 13.2%; median PFS: 4.5 months;
median OS: 11.3 months) [22].

This favorable “post-immunotherapy-effect” could be explained by the influence of
chemotherapy, which can modulate immune cells, thereby increasing antitumor responses
while inhibiting immunosuppressive cells [23]. Importantly, the half-life of ICI monoclonal
antibodies (mAbs) is in the range of 3 weeks, meaning that relevant concentrations still cir-
culate for some 100 days following the last administration, potentially inducing a transient
synergism with the new chemotherapy line [24].

3.1.2. Chemotherapy Plus Anti-Angiogenic Agents

Antiangiogenic agents and other multi-tyrosine-kinase-inhibitors (TKIs) have been
tested in the second-line scenario, typically in combination with chemotherapy before the
availability of ICIs, although some studies have also been performed in the post-ICI era.

Nintedanib is a triple-angiokinase inhibitor that occupies adenosine triphosphate
(ATP) binding sites in the kinase domain of pro-angiogenic receptors (VEGFR-1, VEGFR-2,
VEGEFR-3, FGFR-1, FGFR-2, FGFR-3, PDGFR-«, PDGFR-{3). This compound inhibits down-
stream signaling pathways, inducing apoptosis and proliferation arrest in cells associated
with angiogenesis [25,26]. Moreover, nintedanib could inhibit immunosuppressive cells
such as cancer-associated fibroblasts and facilitate the accumulation and activation of
intertumoral CD8+ T-cells [27].

In the phase III LUME-Lung-1 trial, the docetaxel /nintedanib combination was com-
pared to docetaxel/placebo as second-line treatment for NSCLC. Regardless of histology,
PFS was significantly improved in the nintedanib arm, but OS was similar in the overall
population [HR: 0.94 (0.83-1.05); median OS 10.1 versus 9.1 months]. However, OS was
statistically significantly improved in the nintedanib group [HR:0.83 (0.70-0.99); median OS
12.6 versus 10.3 months] for those patients with adenocarcinoma and in patients with short
PFS during first-line treatment [HR: 0.75 (0.60-0.92); median OS 10.9 versus 7.9 months] [28].
This combination was also analysed in a non-interventional study of 137 patients under-
going second-line treatment of adenocarcinoma in a post-chemotherapy-immunotherapy
failure scenario. The results of an interim analysis confirmed a disease control rate (DCR)
of 72.5% and a median PFS of 4.8 months with an acceptable safety profile. These benefits
were numerically higher in patients who were treated first-line for less than 9 months.
However, these data are preliminary, and a mature OS analysis is awaited [29].

Ramucirumab, a human IgG1 mAbD that targets the extracellular domain of VEGFR-2,
has also been tested. In the phase III Revel trial, the addition of ramucirumab to docetaxel
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improved outcomes compared with docetaxel alone. However, the median OS increase
was just 1.4 months [HR:0.86 (0.75-0.98)] [30].

Weekly paclitaxel plus bevacizumab was compared to docetaxel in the Ultimate phase
III trial, demonstrating better median PFS [HR:0.61 (0.44-0.86); 5.4 versus 3.9 months]
and ORR (22.5% versus 5.5%). Despite the combination showing a similar median OS
(HR:1.17, p = 0.50), paclitaxel plus bevacizumab exhibited a lower incidence of grade 3/4
toxicities (45.9% versus 54.5%) including neutropenia (19.3% versus 45.4%). Of note, grade
3/4 neuropathy (8.3% versus 0%) and hypertension (7.3% versus 0%) were more common
in the experimental arm [31] (Table 1).

Table 1. Current options after progression on first-line therapy, including ICIs.

Study (Ref.) Design Treatment Population Nr. Outcomes
. Progressed on first-line
Prospective . PFS 10.6 vs. 6.7 weeks
Shepherd FA. et al. [13] Randomized Docetaxel vs. BSC platinum-based 104 0S 7.0 vs. 4.6 months
chemotherapy
Progressed on first-line
Docetaxel w. . OS 6.3 vs. 9.2 months
Schuette W. et al. [14] Phase III vs. 3 weekly platinum-based 215 ORR 10.5% vs. 12.6%
chemotherapy
Crino L. et al. [15] Phase II Gemcitabine stage IIIB or IV 83 mDoR 29 weeks

Non inferiority

Nab-paclitaxel vs.

Progressed on first-line

0OS 16.2 vs. 13.6 months

Yoneshima Y et al. [17] Phase ITI Docetaxel platinum-based 503 PFS 4.2 vs. 3.4 months
chemotherapy ORR 29.9% vs. 15.4%
Non inferiority Pemetrexed vs Progressed on first-line PFS 2.9 vs 2.9 months
Hanna N, etal. [18] Phase I1I Docetaxel chemotherapy 571 OS 8.3 vs 7.9 months
Non inferiori PrOgreZSrz‘ti_l‘i’;‘eat least PFS 2.86 vs. 2.89 months
Nokihara H, et al. [19] ty S-1 vs. Docetaxel . 1154 0S5 12.75vs. 12.52
Phase III platinum-based
months
chemotherapy
Progressed on first-line
LUME-Lung 1 Docetaxel + platinum-based PFS 3.4 vs. 2.7:months
Reck M. et al. [28] Phase III Nintedanib chemotherapy 6%5 05 10.1 vs. 9.1 months
’ ) . 0OS 12.6 vs. 10.3 months
Adenocarcinomas

Previously treated

VARGADO Prospective no Nintedanib + with chemotherapy-IO 135 DCR 72.5%
Grohe C. et al. [29] interventional Docetaxel Py PFS 4.8 months
(cohort C)
. Progressed on first-line

REVEL Phase IIT Ramucirumab + latinum-based 1825 PFS 4.5 vs. 3 months

Garon EB. [30] Docetaxel P 0S 10.5 vs. 9.1 months
chemotherapy

. . PFS 5.4 vs. 3.9 months

ULTIMATE Phase IIT Paclitaxel weekly Previously treated 166 ORR 22.5% vs. 5.5%

Cortot AB. et al. [32] vs. Docetaxel with 1 or 2 prior lines

0S99 vs. 10.8

DCR = Disease Control Rate; ORR = Overall Response Rate; OS = Overall Survival; PFS = Progression Free
Survival; mDoR = median duration of response.

These data are in line with a retrospective study, where 67 unselected NSCLC patients
were treated with docetaxel plus ramucirumab after the failure of second-line immunother-
apy. The observed ORR was 36%, with a DCR of 69%, a median PFS of 6.8 months, and a
median OS of 11.0 months. These findings suggested that anti-angiogenic agents after ICIs
as third-line therapy seemed to be superior compared to second-line outcomes, supporting
a synergistic interaction of ICIs and anti-angiogenic agents [32]. A systematic review of
10 studies suggests a numerical better PFS of docetaxel plus ramucirumab in prior exposed
patients to ICI than in those naive to these compounds (5.7 vs. 3.8 months) with statistical
significance in two trials (p = 0.012 and p = 0.041). However, according to this publication,
docetaxel plus ramucirumab could not offer OS advantage in ICI pretreated patients [33].
Hence, another retrospective observational study, including 1439 patients, reported that
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patients treated with chemotherapy with or without anti-angiogenics after ICIs had better
ORR [HR 1.71 (1.19-2.46); p = 0.004] without any OS [HR 1.05 (0.86-1.28), p = 0.63] and PFS
advantage [HR 0.95 (0.8-1.12), p = 0.55], compared to patients ICI-untreated [34].

Overall, the Anselma meta-analysis of 8629 individual patients revealed that the
benefit of anti-angiogenic agents appears to be independent of the type of compound,
with modest OS [HR: 0.93 (0.89-0.98), p = 0.005] and PFS [HR: 0.80 (0.77-0.84), p < 0.0001]
outcomes obtained. However, the benefit may be increased in younger patients and in
those with refractory tumors. This study also manifested a good and manageable safety
profile [35].

Several studies have focused on the relationship between angiogenesis and immuno-
suppression, suggesting that anti-angiogenics could be relevant for overcoming immunore-
sistance [36,37]. One proposed mechanism is that anti-angiogenic agents might enhance
the “angio-immunogenic switch”. This term refers to an increase in tumor infiltration by
immune cells in the TME. Tumor-blood vessel reduction favors perfusion and oxygenation,
and as a result a better penetration of chemotherapy and ICI drugs into the TME, which
results in a better penetration of immune cells [38,39].

3.1.3. Antibody-Drug Conjugates (ADCs)

Antibody-drug conjugates (ADCs) combine the specificity of mAbs with the cytotoxic
effects of chemotherapy. ADCs consist of an antibody connected to a payload via a linker.
Antibodies usually target cell-surface proteins that undergo rapid internalization and
mediate intracellular unloading of the cytotoxic payload; IgG1 is the preferred option as this
antibody has the strongest antibody-dependent cellular cytotoxicity (ADCC) [40]. Payloads
are most typically chemotherapeutic compounds, potent DNA-damaging agents, or tubulin
polymerization inhibitors. Finally, the type of linker may contribute to a “bystander effect”.
This mechanism favors the killing effect of the payload on neighboring cancer cells that do
not express the target antigen. ADCs must be stable enough to circulate to the cancer tissue
and specific enough to bind only to tumor-associated antigens [41].

3.2. Anti-TROP2 ADCs

Trophoblast cell surface antigen-2 (Trop-2) is a transmembrane calcium signal trans-
ducer glycoprotein that is highly expressed in various human epithelial malignancies.
Trop-2 expression has been correlated with progression and development of metastasis [42].

Datopotamab-Deruxtecan (Dato-DXd) is an ADC comprising a humanized anti-TROP2
IgG1 antibody linked to a topoisomerase-I inhibitor via a stable tetrapeptide-based cleav-
able linker. The Phase I Tropion pan-tumor-01 demonstrated a durable antitumor activity
and a manageable safety profile in NSCLC patients pretreated with Dato-Dxd. Two hundred
and ten patients, with a median of three prior treatment lines, were included. Responses to
Dato-Dxd occurred regardless of TROP-2 expression, with an ORR of 26%, median dura-
tion of response (DoR) of 10.5 months, median PFS of 6.9 months, and median OS of 11.4
months. Interestingly, the immunohistochemical expression of this glycoprotein on tumor
cells is not considered a predictive biomarker for response. Grade >3 treatment-emergent
adverse events (AEs) and treatment-related adverse events (TRAEs) occurred in 54% and
26% of patients, respectively, with interstitial lung disease occurring in 6% of patients [43].
The phase III Tropion LUNG-01 trial, which compared Dato-DXd to docetaxel in patients
previously treated with IClIs, showed positive results with an ORR of 26.4% vs. 12.8%, a
PFS of 4.4 vs. 3.7 months [HR: 0.75 (0.62-0.91); p = 0.004] with a trend of advantage in
OS [44].

Sacituzumab-Govitecan is an ADC composed of an anti-Trop-2 coupled to the cytotoxic
SN-38 payload, an active metabolite of irinotecan. The antibody and the payload are joined
via a proprietary, hydrolysable linker [45]. The compound was evaluated in 54 heavily
pre-treated (including ICIs) patients with metastatic NSCLC within the phase I/1I IMMU-
132-01 trial. Sacituzumab-govitecan demonstrated moderate activity with an ORR of 19%,
an mDoR of 6.0 months and a clinical benefit rate of 43%. The median PFS and median
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OS in the intention-to-treat-population were 5.2 months and 9.5 months, respectively,
with a manageable safety profile (most common grade 3 AE was neutropenia in 28% of
patients). Again, TROP-2 immunochemistry expression did not confirm predictivity of
clinical benefit. The phase III Evoke trial is currently underway to evaluate the efficacy and
safety of sacituzumab-govitecan versus docetaxel in NSCLC patients who progressed on
chemotherapy and ICIs [46].

3.3. Anti-CEACAMS ADCs

Carcinoembryonic-antigen-related cell adhesion molecule 5 (CEACAMS), a cell-surface
glycoprotein, is overexpressed in non-squamous-NSCLC, where approximately 20-30% of
patients exhibit moderate/strong CEACAMS5 levels detected by immunochemistry [47].

Tusamitamab-ravtansine is an ADC that selectively targets CEACAMS5-expressing
tumor cells. The mAb is covalently linked to a potent cytotoxic maytansinoid (DM4).
Ninety-two pretreated NSCLC patients were exposed to tusamitamab-ravtansine in the
NCT02187848 study. This trial was designed with two cohorts based on CEACAMS5
expression levels by immunochemistry >2+ in moderate expressors (intensity between
>1% to <50% of tumor cell population) and high expressors (>50% of the tumor cell
population). Despite only 7.1% of patients showing a response in the moderate-expression
cohort, 20.3% of subjects in the high-expression cohort developed a response. Moreover, an
ORR of 17.8% was experienced in 45 patients who had undergone prior anti-PD-1/PD-L1
treatment. Among responders, 47% of patients were treated for >12 months, with a median
treatment duration of 26.6 months (12.1-45.3) [48]. The most common AEs were asthenia
(38%) and keratopathy/keratitis (38%), while grade >3 treatment emergent AEs occurred
in 47.8% of patients and were assessed as drug related in 15.2% of the population [49].

A phase III trial evaluating the activity of CEACAMS5-DM4 ADC compared to do-
cetaxel in non-squamous-NSCLC (CEACAMBb5-high after the failure of standard-of-care
first-line) is underway. On the other hand, in the phase Il CARMEN-LCO06 trial, the activity
of this compound for previously treated NSCLC patients who are negative/moderate
CEACAMS expressors and with high levels of circulating-carcinoembryonic-antigen (CEA)
is under investigation [50].

3.4. Anti-MET ADCs

C-Met is a tyrosine kinase receptor expressed on the surface of epithelial and en-
dothelial cells. The activation of this receptor has been shown to control cell proliferation,
angiogenesis, survival, and cellular motility. Dysregulation of c-Met signaling via receptor
overexpression has been implicated not only in the development of NSCLC but also as a
resistance mechanism [51].

Telisotuzumab-vedotin (Teliso-V) is an ADC that links the anti-c-Met humanized mAb
ABT-700 with auristatin E, a potent anti-microtubule monomethyl pharmacophore [52].
The phase II Luminosity trial evaluated Teliso-V in previously treated NSCLC patients
with c-Met overexpression. Overexpression was defined by immunochemistry as >25%
3+ (high: >50% 3+; intermediate: 25 to <50% 3+) in the non-squamous and as >75% 1+
in the squamous population. ORR was 36.5% in 52 non-squamous NSCLC EGFR wild-
type patients (52.2% in the c-Met high group and 24.1% in the c-Met intermediate group)
associated with a median DOR of 6.9 months, underscoring the relevance of the magnitude
of expression. The most significant AEs were peripheral sensory neuropathy (25%) and
nausea (22%), with grade 3 or higher AEs including pneumonia (6%), peripheral sensory
neuropathy (4%), and pneumonitis (2%). Regrettably, both in the non-squamous NSCLC
EGFR mutant (43 patients) and in the squamous-NSCLC cohort (27 patients), the activity
was modest, with ORRs of 11.6% and 11.1%, respectively [53]. However, the association of
Teliso-V with erlotinib yielded good results in a phase 1b trial in 42 patients with c-MET
overexpression previously treated with EGFR-TKIs; these patients had a median PFS of
5.9 months and an ORR of 32.1% [54].
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The lack of efficacy of Teliso-V in squamous-NSCLC was confirmed in the phase
II Lung-MAP trial that enrolled 49 patients into 2 cohorts including ICI-naive and ICI-
refractory. This trial failed to meet the pre-specified response and pneumonitis was an
observed unanticipated toxicity [55].

These findings highlight the potential of Teliso-V as a treatment option for EGFR
wild-type non-squamous-NSCLC patients with MET overexpression. The phase III Te-
IiMET NSCLC-01 trial (NCT04928846) evaluates Teliso-V compared to docetaxel in c-Met
overexpressed by immunochemistry. Another ADC targeting c-Met and topoisomerase-1
overexpression, named ABBV-400, is currently being assessed in a phase I clinical trial
(NCT05029882).

3.5. Anti-Her2 (for Non-HER2-Mutated Patients) ADCs

Human epidermal growth factor receptor 2 (HER2) is a membrane tyrosine kinase and
oncogene with a well-known role in cancer due to its properties as a potent proliferative
and anti-apoptotic agent. HER2 copy-number amplification was demonstrated in 2-22% of
NSCLC, and HER?2 overexpression was seen in 7.7-23%, with variations depending on the
analytical methods used and populations examined [56].

Trastuzumab Deruxtecan (T-DXd), an ADC consisting of an anti-HER2 mAb linked to a
topoisomerase-I inhibitor payload, yielded extraordinary results in metastatic breast cancer,
even in HER2 low-expressors [57]. The phase II, multicenter Destiny Lung-01 trial showed
T-Dxd efficacy in two cohorts of NSCLC patients refractory to standard treatment and
defined by HER2 mutations or overexpression. Ninety-one patients with HER2 mutations,
of whom 66% were previously treated with ICIs, obtained an ORR of 55%, a median PFS of
8.2 months, and a median OS of 17.8 months. Of note, 26% of patients experienced drug-
related AEs [58]. In another study focusing on patients with HER2-overexpressing tumors,
T-Dxd at 6.4 mg/kg and 5.4 mg/kg doses were evaluated. The results showed promising
antitumor activity as evidenced by reported ORRs of 26.5% and 34.1% for 6.4 mg/kg and
5.4 mg/kg, respectively. Notably, the lower dose of T-Dxd demonstrated a better safety
profile (drug-induced interstitial lung disease of 20.4% at 5.4 mg/kg dose versus 4.9%
at 6.4 mg/kg). Consequently, further development of the compound is focused on the
5.4 mg/kg dose [59].

3.6. Rechallenge with Immunotherapy
3.6.1. PD-1/PDL1 Inhibitor Monotherapy Rechallenge

Retreatment strategies with anti-PD-1/PD-L1 inhibitors could be effective, particularly
in patients showing a good response to initial ICI treatment. Indeed, in the Keynote-010
trial, 52.4% of patients who completed 2 years of treatment with an ICI and received a
second course of pembrolizumab after progression experienced clinical responses [60].
An exploratory pooled-analysis across five phase 3 trials investigating pembrolizumab
recently showed a clinically meaningful benefit in this category of patients with a 6-month
OS rate of 85.1%. However, it is important to note that this cohort of patients represents
only a very small subgroup of the entire population. To this end, only 4.9% of patients who
received pembrolizumab as a single agent and 1.8% who were exposed to a chemotherapy
plus pembrolizumab combination, completed 2 years of treatment [61]. Following this
exploratory pooled-analysis, Replay, an open label phase II trial, was designed to analyze
the benefit of pembrolizumab rechallenge. Although preliminary data demonstrated a
good safety profile with only 5.5% of grade 3 toxicity, efficacy results were modest, with a
median PFS of 1.6 months and a 6-month OS rate of 59.1% [62].

In addition, in a large retrospective study, patients who had a good response to prior
ICI achieved better outcomes compared to those who responded poorly: the median OS
was 22.8 months for patients with a complete or partial response to prior ICI treatment
versus 15.7 months for patients with stable or progressive disease [63]. It is important
to point out that rechallenge does not seem a promising alternative as most patients
develop resistance or do not respond to retreatment. Moreover, ICI rechallenge was
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associated with a decreased ORR [OR:0.29 (0.14-0.63)] and DCR [OR:0.53 (0.28-0.99)]
compared with initial treatment. Therefore, careful patient selection and consideration
of individual circumstances are crucial when considering retreatment with PD-1/PD-L1
inhibitors. Current data suggest that not only patients who progress after a fixed course of
PD-1/PD-L1 blockers but also those who discontinued treatment due to immune-related
events may benefit more from a retreatment strategy. According to a meta-analysis, both
populations had numerically better ORRs and DCRs than patients who received rechallenge
therapy within a maximum of 12 weeks after termination of immunotherapy (8% vs. 34%
and 9% vs. 71%, respectively) [64].

3.6.2. PD-1/PDL1 Inhibitors Plus Anti-Angiogenic-Agents

Emerging combinations of anti-angiogenic-agents plus ICIs have been developed
based on positive results from other solid neoplasms [65].

Lenvatinib is a multitargeted-TKI of VEGF receptor 1-3, fibroblast growth factor recep-
tor 1-4, platelet-derived-growth-factor-receptor-«, RET, and KIT. Although lenvatinib plus
pembrolizumab showed promising results in a preliminary phase 1b trial with 21 NSCLC
patients, the subsequent open-label phase III trial LEAP 008 comparing this combination to
docetaxel in a second-line setting did not meet its primary endpoint [66,67].

Sitravatinib, a spectrum-selective-TKI targeting tumor-associated macrophage (Tyro3/
Ax1l/MerTK) receptors and VEGFR-2, reduces the number of myeloid-derived suppressor
cells and regulatory T-cells while increasing the ratio of M1/M2-polarized macrophages.
It could potentially overcome an immunosuppressive TME and augment antitumor im-
mune responses. Sitravatinib in association with nivolumab showed interesting prelimi-
nary activity in non-squamous-NSCLC patients who progressed while on chemotherapy-
immunotherapy. However, a high toxic profile was reported, with the incidence of grade
3/4 adverse events reaching as high as 60% [68]. Regrettably, negative results for the phase
III Sapphire trial have been posted for this combination compared to docetaxel [69].

Cabozantinib is a multi-TKI that promotes an immune-permissive environment that
may enhance ICI activity. Cabozantinib was explored in the phase II Cosmic-021 trial for
patients previously treated with ICIs. It had an acceptable toxicity profile and encouraging
clinical activity (ORR 23%, mDOR 5.6 months, DCR 83%). However, the phase III Contact-01
trial failed to achieve a better OS compared to docetaxel [70,71].

Ramucirumab in association with pembrolizumab demonstrated efficacy in the phase
IJVDF trial. Consequently, the naive-NSCLC expansion cohort revealed an ORR of 42.3%,
with higher responses in patients high PD-L1 expression [72,73]. On the basis of these
promising data, the phase II Lung-MAP trial investigated this combination versus a stan-
dard of care strategy (docetaxel/ramucirumab, docetaxel, gemcitabine or pemetrexed)
in 166 NSCLC patients who previously progressed on ICI treatment and chemotherapy.
OS was significantly improved with the combination (median OS 14.5 months versus
11.6 months), as was the median DoR (12.9 versus 5.6 months). Indeed, OS-benefit was
maintained in all subgroups (including PD-L1 and TMB) with an increased benefit in the
squamous-NSCLC population (HR:0.43). On the other hand, no differences were found in
terms of PFS or ORR. This novel combination exhibited a better safety profile with a grade
3 toxicity of 42% vs. 60% in the control arm. [74].

The ongoing phase III Pragmatica Lung study aims to confirm the outcomes of the
Lung-MAP trial.

3.6.3. PD-1/PDL1 Blockers in Association with Novel ICIs

Emerging immunotherapy agents are promising therapeutic alternatives for patients
with metastatic NSCLC due to their role in acquired, innate, and humoral immunity.
These drugs can act as inhibitors, stimulators, or dual modulators. Moreover, emerging
ICIs can play a complementary role to current ICIs, either by involving immune cells or
monitoring TME.
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T-cell immunoglobulin and ITIM domain (TIGIT) is an immunomodulatory receptor
that functions as an ICI in innate and adaptive immunity. It exerts direct inhibition of
natural-killer (NK) cytotoxicity, T-cell activity, and competitive attenuation of CD155-
mediated CD226 activation. Nevertheless, the anti-TIGIT antibody vibostolimab combined
with pembrolizumab had an ORR of 3% in 38 patients with immunorefractory NSCLC [75].
Moreover, the phase 2 Keywibe-002 trial (NCT04725188), which combined pembrolizumab
and vibostolimab with or without docetaxel, did not meet the PFS primary endpoint in the
open-label arm [76].

Ociperlimab, another anti-TIGIT mAb, has demonstrated competent binding with
Clq and Fcy receptors inducing ADCC. Its association with tislelizumab, an anti-PD-1
mADb, produced synergistic immune cell activation and enhanced antitumor activity in
preclinical models. This combination has been investigated in a phase I trial that enrolled
24 patients with previously treated metastatic solid tumors, including NSCLC patients.
The combination achieved a favorable toxicity profile and responses (one partial response,
nine patients with stable disease) and led to T-reg reduction, TIGIT downregulation, and
proinflammatory cytokine/chemokine release [77].

T-cell immunoglobulin-domain and mucin-domain-3 (TIM-3) is a receptor expressed
on myeloid cells, NK cells, and dysfunctional T-cells, and acts as an inhibitory signal often
co-expressed with PD-1. The combination of sabatolimab, an antibody targeting TIM-3,
and the anti-PD-1 spartalizumab, was tested in a phase Ib/II trial and showed preliminary
signs of antitumor activity. Notably, 1/6 NSCLC patients enrolled developed a partial
response [78]. The phase II stage of this study is ongoing for patients with NSCLC resistant
to PD-1/PD-L1.

In the phase 1 AMBER study, cobolimab (a TIM-3 inhibitor) plus dostarlimab (an
anti-PD-1 mAb) showed activity in terms of ORR, which ranged from 7.7% to 25% among
the different dose levels, and an acceptable safety profile with 14.5% grade 3 toxicity
in 55 patients with heavily pretreated tumors [79]. Consequently, the ongoing phase
2/3 COSTAR trial (NCT04655976) aims to compare the efficacy and safety of cobolimab
+ dostarlimab + docetaxel versus dostarlimab + docetaxel and docetaxel in an NSCLC
population.

LAG-3 is a type I transmembrane protein with four Ig-like domains expressed on
exhausted CD4 and CD8 tumor-infiltrating T-cells and T-regs in peripheral blood and tissue,
contributing to immunoescape mechanisms. Levels of LAG-3 expression and infiltration
on tumors are associated with poor prognosis [80].

Eftilagimod-alpha is a soluble LAG-3 protein that binds to a subset of MHC class-
II molecules to mediate antigen-presenting cell (APC) and CD8 T-cell activation. The
phase II TACTI-002 trial has studied this compound in combination with pembrolizumab.
Encouraging antitumor activity was shown for naive-NSCLC patients independently of
PD-L1 expression, revealing an ORR of 37.3% and a DCR of 73.3%. Nevertheless, second-
line setting outcomes for patients who had previously received anti-PD-1 were dismal,
with an ORR and DCR of 8.3% and 33%, respectively [81,82].

3.7. Novel Immunotherapeutic Agents
Cytokines Blockers and Interleukins

IL-1f3 is normally released by various cell types, such as immune, neural, and en-
dothelial cells. Numerous transcription factors are activated by its receptor signaling. As
an example, nuclear factor kB (NF-«B) not only leads to the accumulation of tumorigenic
factors in the TME but also boosts tumor-associated inflammation possibly due to the
suppression of tumor growth, progression, and metastatic spread [83,84]. Unfortunately,
after promising outcomes published in prior trials, the phase III Canopy-2 trial failed to
prove significant efficacy for the anti-IL-13 canakinumab plus docetaxel as compared to
docetaxel alone [85]. This setback highlighted the challenges associated with translating
preclinical successes into clinical outcomes and underscores the complexity of targeting
IL-13 signaling in the context of NSCLC treatment.
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Transforming growth factor-f3 (TGF-p3) is a cytokine that promotes tumor growth and
immune evasion and progression through activity on both the innate and adaptive immune
systems. TGF-f-mediated signaling in the TME acts in invasiveness, migration, and metas-
tasis spreading via multiple mechanisms, including epithelial-mesenchymal transition.
TGEF-f may also impact on mechanisms of fibrosis and angiogenesis [86].

Data from a phase I expansion cohort revealed that bintrafusp-alfa had encouraging
efficacy and manageable tolerability in patients with advanced platinum-experienced
NSCLC not previously treated with ICIs, particularly in patients with PD-L1-high tumors.
This is a first-in-class bifunctional fusion protein composed of the extracellular domain of
the human TGF-f3 receptor II (which functions as a TGF-f3 “trap”) fused through a flexible
linker to the C-terminus of each heavy chain of an immunoglobulin G1 antibody blocking
PD-L1. Additionally, preclinical studies have shown that bintrafusp-alfa reduces TGF-3
signaling within the TME.

Patients receiving the recommended dose of 1200 mg in the phase II study yielded an
ORR of 37% in ICI-naive PD-L1-positive tumors (response in 10 of 27 patients) and 85.7%
(response in 6 of 7) in subjects with high-PD-L1 tumor expression. Moreover, the median
PFS was 9.5 months for patients with PD-L1-positive tumors and 15.2 months for patients
with PD-L1-high. Grade 3 AEs accounted for up to 29% of patients with no treatment
discontinuation among the participants. Skin disorders were the most common outcome of
toxicity [87].

Finally, several interleukins play an important role in immune activation. These
substances enhance and expand lymphocyte activity. High doses of systemic interleukins
such as IL-2 have long been explored in clinical trials. Despite promising results obtained in
several types of solid tumors, the toxicity profile—including cytokine release and vascular
leak syndromes—is not negligible [88]. For this reason, novel recombinant and engineered
forms of some interleukins, such as IL-10, IL-15, and IL-2, have been developed and are
currently being investigated in clinical trials. These modified compounds have provided
interesting results in preclinical models [89].

A particularly promising drug candidate is TransCon IL-2 3 /y. This molecule is able
to promote antitumor activity via NK cells and CD4 and CD8 lymphocyte stimulation
while avoiding classical IL-2 side effects by not activating IL2 receptor-o;, which is present
in regulatory T cells, eosinophils, and endothelial cells [90]. However, the results from the
TransCon IL-2[3 /v phase I/1I clinical trial are still pending [91].

3.8. Bispecific Antibodies

Bispecific antibodies (bsAbs) are antibodies that bind two distinct epitopes, and
therefore combine different targets in a single antibody compound.

PD-1-CTLA4 bsAbs could become useful in the NSCLC setting because of preferential
binding to CTLA-4 on PD-1-activated dual-positive T cells in the tumor (limiting toxicities
in normal organs). Such antibodies initially bind to the more highly expressed receptor
(PD-1) and subsequently to the second arm (CTLA-4), resulting in increased internalization
and degradation of the PD-1 receptor that may result in a more durable response [92].

QL1706 is a bsAb containing a mixture of anti-PD-1 IgG4 and anti-CTLA-4 IgG1. It
was first tested in a phase I trial on 519 patients with advanced solid tumors. Among
the 149 patients with NSCLC, ORR, and mDoR were 14%, with a better ORR achieved
in immuno-naive patients (24%). QL1706 was well tolerated, with TRAEs and immune-
related AEs of grade >3 occurring in 16.0% and 8.1% of patients, respectively [93]. SI-B003
is another PD-1/CTLA4 bsAb that was evaluated in a phase I trial in advanced solid tumors;
this trial revealed a DCR of 52% among 21 patients who had received prior PD-1/PD-L1
treatment [94].

PD-1-TIGIT bsAbs. The bsAb AZD2936 is a humanized IgG1 targeting PD-1 and
TIGIT. This novel compound demonstrated preliminary activity in Artemide-01, an open-
label phase I/1I trial enrolling patients with PD-L1-positive advanced-NSCLC. All included
patients had previously experienced disease progression on anti-PD-1/PD-L1 therapy.
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In preliminary data from the first 76 evaluable patients, three showed a partial response
and thirty had stable disease. Treatment-related AEs were recorded in three patients only,
indicative of a good safety profile [95].

EGFR-HER3 bsAbs. EGFR and HER3 are both highly expressed in various epithelial
tumors, including NSCLC [96]. The EGFR-HER3 bsAbs, SI-B001, was evaluated in a phase
II open-label trial for 55 patients with advanced NSCLC EGFR/ALK wild-type. Among
22 patients evaluable in cohort B, SI-B001 plus docetaxel exhibited an ORR of 45.5% and
DCR of 68.2%, with a manageable toxicity profile as a second-line therapy after previous
chemotherapy-IO [97].

BL-B01D1 is another novel ADC consisting of an EGFR-HER3 bsAb linked to a TOP-I-
inhibitor payload via a cleavable linker. A phase I trial investigated its role in many cancer
types. BL-B01D1 demonstrated encouraging efficacy, not only in EGFR-mutated NSCLC,
but also in 42 NSCLC EGFR wild-type patients who progressed while on chemotherapy-10
(ORR 40.5%, DCR 95.5%) [98].

3.9. Cellular Immunotherapy

The presence of tumor infiltrating lymphocytes (TILs) in the tumor and its peritumoral
compartment has been proposed as an immunotherapy biomarker, with numerous studies
showing a positive correlation between TILs and good prognosis. Interestingly, not only
the presence of TILs but also their differentiation and localization have been shown to
determine clinical outcomes in diverse tumors [99,100]. TIL therapy has already exhibited
efficacy and feasibility in a multicentric phase III study for melanoma patients [101].

A single-arm open-label phase I trial was conducted to evaluate the efficacy of TILs
administered with nivolumab in 20 previously treated NSCLC patients. Autologous-TILs
were expanded ex-vivo from minced tumor tissue and cultured with IL-2. Patients received
cyclophosphamide and fludarabine lymphodepletion, followed by TIL infusion and IL-2.
Maintenance treatment with nivolumab was subsequently given. Promising results were
described for 13 evaluable patients, with 11 patients having a reduction in tumor burden
(median best change of 35%). Furthermore, three of those patients developed a complete
response, with two of them in remission 1.5 years later [102] (Tables 2 and 3).

Table 2. Emerging options in metastatic NSCLC previously treated with ICIs.

Ph. Treatment Population Nr. Outcomes
ORR 26%
Previously treated NSCLC mDOR 10.5 months
I/ Datopotamab Deruxtecan unselected for TROP-2 180 mPFS 6.9 months
mOS 10.4 months
ORR 26.4% vs. 12.8%
Pretreated patients with PFS 4.4 vs. 3.7 months
1 Datopotamab Deruxtecan vs Docetaxel advanced /metastatic NSCLC 604 mDoR 7.1 vs. 5.6 months
0S 12.4 vs. 11 months
ORR 19%
. . Previously treated NSCLC mDoR 6 months
/o Sacituzumab Govitecan unselected for TROP-2 54 mPFS 5.2 months
mOS 9.5 months
Non-squamous previously treated o
I Tusamitamab Ravtansine moderate CEACAMS ZZ 8§§ Z()l ;; Y
high CEACAMS5 e
Metastatic NSCLC, No-squamous: ORR 36.5%
. . <2 prior lines, <1 line of mDoR 6.9 months
I Telisotuzumab Vedotin chemotherapy, 136 Squamous: ORR 11.1%

MET amplification mDOoR 4.4 months
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Table 2. Cont.

Ph. Treatment Population Nr. Outcomes
ORR 34.1%
Trastuzumab Deruxtecan 5.4 mg/kg 41 mPFS 6.7 months
o mOS 11.7 months
I HER?2 amplified NSCLC ORR 26.5%
Trastuzumab Deruxtecan 6.4 mg/kg 49 mPFS 5.7 months
mOS 12.4 months
ORR 33%
Ib/II  Lenvatinib + Pembrolizumab Previously treated NSCLC 21 mDoR 10.9 months
mPFS 5.9 months
ORR 16%
I Sitravatinib + Nivolumab Non-squamous NSCLC previously 68 mPFS 6 months
(no-squamous) treated with chemotherapy and ICIs mOS 15 months
mDoR 13 months
ORR 19%
Progression to prior ICI and <2 mDoR 5.8 months
I Cabozantinib + Atezolizumab prior lines of systemic therapy 81 DCR 80%
excluding VEGFR TKI mPFS 4.5 months
mOS 13.8 months
Cabozantinib + Atezolizumab vs. Previously treated with mOS 10.7 vs. 105 months
III Docetaxel hemotherapy and ICI 366 mPFS 4.6 vs. 4.0 months
ocetaxe chemotherapy s ORR 11% vs. 13.3%
mOS 14.5 vs. 11.6 months
I Ramucirumab + Pembrolizumab vs Previously treated with 166 mPFS 4.5 vs. 5.2 months
Investigator choice chemotherapy chemotherapy and ICIs ORR 22% vs. 28%
mDoR 12.9 vs. 5.6 months
I Vibostolimab + Pembrolizumab Previously treated NSCLC 38 ORR 3%
I Ociperlimab + Tisletizumab Pan tumor, previously treated 24 ; gg
I/Ib  Sabatolimab + Spartalizumab Previously treated NSCLC 6 1/6 PR
I Eftilagimod alpha + Pembrolizumab PD-1/PDL1-resistant NSCLC 36 ORR 8.3%
DCR 33%
11 pts reduction tumor
I TILs + Nivolumab Previous immunotherapy 20 burden
3 confirmed responses
Previous chemotherapy +
. . . mOS 10.5 vs. 11.3 months
1T Canakimumab + Docetaxel vs. Docetaxel 1mmun(?therapy sequential or 237 mPFS 417 vs. 4.21 months
concomitant
Eﬁiﬁg?ﬁeliiatlnum-based ORR 25%
I Bintrafusp alfa apy 80  ORR36%
PD-L1 positive ORR 85.7°%
PD-L1 high e
HLA2 + Previous chemotherapy + mOS 1.1 vs. 7.5 months
I Tedopi vs. Docetaxel or Pemetrexed immunother ntial or 118 ORR 8% vs. 18%
edopi vs. Docetaxel or Pemetrexe " um(?tareltapy sequential o mPES 2.7 vs. 3.4 months
concomu 6m DCR 25% vs. 24%
. ORR 14%
I QL1706 f;fr‘r’lﬁﬁr}l’;reated NSCLC 149  mDoR NR
onaive ORR 24%
. ORR 40.5%,
I BL-B01D1 Previously treated NSCLC 42 DCR 95.5%

DCR = Disease Control Rate; mDoR = median Duration of Response; mOS = median Overall Survival; mPFS =
median Progression Free Survival; ORR = Overall Response Rate; PR = partial response; pts = patients; SD =

stable disease.
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Table 3. Ongoing phase II and III trials testing novel compounds.

Study Ph Treatment Population Nr.
Datopotamab Deruxtecan + 11\\1/[0 tPrltOi.TklleDr?Ely ;%gé%‘foi/rlced or
NCT05555732 I Pembrolizumab with or without ctastatic - . 975
nonsquamous NSCLC without Actionable
chemotherapy . .
Genomic Alterations
Treatment-naive Subjects with Advanced
Datopotamab Deruxtecan + or Metastatic PD-L1 High (TPS > 50%)
NCT05215340 1 Pembrolizumab vs. Pembrolizumab NSCLC without Actionable Genomic 740
Alterations
Metastatic NSCLC with Progression on or
NCT05089734 III Sacituzumab Govitecan vs. Docetaxel After Platinum-Based Chemotherapy and 580
Anti-PD-1/PD-L1 Immunotherapy
Sacituzumab Govitecan + Pembrolizumab  First-line Treatment of Patients with
NCT05186974 I with or without platinum-based Metastatic NSCLC Without Actionable 224
chemotherapy Genomic Alterations
Previously Treated, CEACAMS5 Positive
NCT04154956 III SAR408701 vs. Docetaxel Metastatic nonsquamous NSCLC 450
Nonsquamous NSCLC Participants with
NCT05245071 1l SAR408701 Negative or Moderate CEACAMS 44
Expression Tumors and High Circulating
CEA
. . CEACAMS Positive Expression
NCT04524689 I Sv?cii?imli:inzerrrizzosléZlucrl?Zr}:r)lxﬁgrgr Advanced /Metastatic nonsquamous 120
P Py NSCLC not previously treated
Previously Treated c-Met Overexpressing,
NCT04928846 III Telisotuzumab-Vedotin vs. Docetaxel EGFR Wildtype, Loc.a lly 698
Advanced /Metastatic nonsquamous
NSCLC
Previously Untreated MET Amplified
NCT05513703 11 Telisotuzumab-Vedotin Locally Advanced/Metastatic 70
nonsquamous NSCLC
Previously Treated Metastatic NSCLC and
Lenvatinib + Pembrolizumab vs. Progressive Disease after Platinum
NCT03976375 I Docetaxel Doublet Chemotherapy and 405
Immunotherapy
NCT05633602 m Ramucirumab + Pembrolizumab Previously Treated with Immunotherapy 700

vs. standard of care

for Stage IV or Recurrent NSCLC

Chimeric antigen receptor (CAR)-T cell immunotherapy also provides a new approach
for the treatment of NSCLC, even if results do not seem satisfactory like hematological
malignancies because of immunosuppressive TME. Many phase I/1I trials are underway
for NSCLC including several surface antigens (EGFR, CEA, HER2 and many others) [103].
TCR-engineered T-cell therapy also seems promising. Nowadays, most of these T-cells are
engineered to recognize only one antigen and most clinical trials in NSCLC are targeting
cancer-germline antigens, showing good tolerability but modest efficacy [104].

3.10. Vaccines

Active immunotherapy with vaccines has been developed in the past few years. Tedopi
is a neoepitope vaccine restricted to HLA-A2-positive patients who represent approximately
45% of the Caucasian NSCLC population. This vaccine targets five tumor-associated
antigens commonly expressed in NSCLC: ACE, HER2, MAGE2, MAGES3, and P53.
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In the phase III trial Atlante-1, Tedopi was compared to chemotherapy in pretreated
NSCLC patients. Tedopi was superior in terms of HR (0.59 [0.38-0.91]) and median OS
(11.1 versus 7.5 months). Although Tedopi did not demonstrate improvements in PFS
or ORR, this vaccine showed a gain in post-progression survival and time-to-worsening
performance status in patients who had primary or secondary resistance to immunotherapy
as the last treatment [105]. The phase II Combi-TED trial is now underway to evaluate
Tedopi combined with either docetaxel or nivolumab versus docetaxel alone for NSCLC
patients progressing on first-line chemotherapy-immunotherapy [106].

4. Future Perspectives

Despite the unprecedented survival benefit of PD-1 axis blockade in advanced-NSCLC,
most patients fail to achieve durable responses, even in tumors with high-PD-L1 expres-
sion. Indeed, the landscape of possible treatments after failure on first-line chemotherapy-
immunotherapy remains a complex challenge.

Docetaxel is presently considered the standard of care, albeit with modest gains in OS,
which may potentially be marginally enhanced by a post-immunotherapy effect based on
retrospective analyses.

According to current data, retreatment with anti-PD-1/PD-L1 blockers is unlikely
to be a useful strategy for most NSCLC individuals who previously progressed while on
these compounds. Nevertheless, the approach may be a viable option for a highly select
subgroup of patients. Individuals with an ICI-free interval of at least 12 months or those
who previously discontinued anti-PD-1/PD-L1 blocker treatment due to immune-related
events might be the most suitable candidates for immunotherapy resumption (Figure 1).

In the post-immunotherapy context, anti-angiogenic agents associated with chemother-
apy could be of some interest, potentially enhancing the effect of previous immunotherapy.
This combination holds special interest for younger patients or those who experienced a
shorter PFS on first line treatment. One plausible approach might be weekly-paclitaxel
chemotherapy plus bevacizumab in non-squamous-NSCLC patients that assures better PFS
and ORR than docetaxel, with modest toxicity effects as well. Nevertheless, the combina-
tion of anti-angiogenic agents with ICIs does not seem to be as efficient as expected given
the negative outcomes of phase III trials.

ADCs are certainly the most promising drugs, not only for NSCLC patients but also
for many other individuals with distinct solid tumors. Owing to rapid improvements in
bioengineering and conjugation technologies, these novel compounds exhibit increased
potency and a broader range of targetable tumors. Further studies are still necessary
to improve conjugation features, optimize physicochemical properties, manage toxicity
profiles, identify surface proteins for antibody binding, and explore combinations with ICIs.
Based on available data, it is our opinion that ADCs will soon replace chemotherapy as
second-line standard of care for NSCLC.

On the other hand, we suggest that novel immunotherapeutic agents or new combi-
nations of ICIs with other compounds might be an appealing therapeutic strategy to treat
NSCLC patients. It is crucial to emphasize that selective biomarker identification beyond
PD-L1 status is still needed to enhance personalized treatment approaches and overcome
specific immunoresistance.
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New IO combinations

ICI monotherapy Platinum-based ChT-I0
PD-L1250% PD-L1<50%
PD
Platinum-based ChT i
PD
YES NO

Clinical trial elegibility

Time to PD/prior

(I0+TKIs, anti-TIGIT, ADCs response histology
TGFb, IL-1p, TILs,

Prior response

Previous long PFS Prevoius short PFS
Previous irAE Adenocarcinoma
Chemotherapy +

Rechallenge with IO Chemotherapy S
8 : anti-angiogenic agents

Figure 1. Therapeutic algorithm for second-line metastatic non-oncogene addicted NSCLC. AA = anti
angiogenic agents; ADCs = antibody drugs conjugates; ChT = chemotherapy, IO = immunotherapy;
ChT = chemotherapy, irAE = immune-related adverse event; mono= monotherapy; NSCLC = non-
small cell lung cancer; PD = progression disease; PFS = progression free survival.

5. Conclusions

In conclusion, we consider that personalized combination strategies that are devel-
oped according to the pathways or hallmarks that specifically drive each patient’s tumor
biology will remain the main challenge. Consequently, we believe that reconsidering tumor
mutational status with tissue re-biopsy or liquid biopsy after immunotherapy failure could
represent an intriguing approach. Indeed, particularly in cases where next generation
sequencing has not been completed, this approach could lead to the identification of pre-
viously undiscovered actionable alterations whose therapy is generally addressed with
second-line options. Alternatively, potential mechanisms of resistance may be identified
which could increase the chances of patients receiving better treatment options or being
enrolled in clinical trials assessing specific treatment algorithms in well-defined patient
populations.



Cancers 2023, 15, 5505

16 of 22

References

Author Contributions: Conceptualization, M.S. and ]J.B.; methodology, M.S,, ].B., L.P-A. and ].Z,;
software, M.Z., ].T.-]. and H.B.d.C,; validation, H.B.d.C., M.Z. and ].T.-J.; formal analysis, M.S. and
J.B.; investigation L.P-A,, J.Z., H.B.d.C,, ].B,, ].T.-]. and M.Z,; resources M.S., ].B., ].Z. and L.P-A;
writing—original draft preparation, M.S. and J.B.; writing—review and editing, J].Z. and L.P-A;
visualization, ].T.-J., H.B.d.C. and M.Z,; supervision, ].Z. and L.P--A.; project administration, J.Z.
and L.P-A_; funding acquisition, J.Z. and L.P.-A. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: M.S.: The authors declare no conflict of interest. J.B.: Honoraria: AstraZeneca;
Bristol-Myers Squibb and Pfizer. Consulting or Advisory Role: AstraZeneca; Roche; Access Oncology.
Expert Testimony; Roche. Travel, Accommodations, Expenses: MSD; Roche; Janssen Oncology.
The funders had no role in the design of the study; in the collection, analyses, or interpretation of
data; in the writing of the manuscript; or in the decision to publish the results. J.T.-].: The authors
declare no conflict of interest. M.Z.: The authors declare no conflict of interest. J.Z.: has served
as a consultant for Sanofi, Astra Zeneca, BMS, Roche, Pfizer, Novartis, and Guardant Health. He
reports speakers’ honoraria from Sanofi, Takeda, BMS, Pfizer, Roche, Astra Zeneca, NanoString
and Guardant Health. He reports travel honoraria from Sanofi, Takeda, BMS, Pfizer, Roche, Astra
Zeneca, and NanoString. He has received research support/funds from BMS, Astra Zeneca, and
Roche. The funders had no role in the design of the study; in the collection, analyses, or interpretation
of data; in the writing of the manuscript; or in the decision to publish the results. L.P-A.: Altum
sequencing, Other, Personal, Board member Amgen, Advisory Board, Personal AZ, Advisory Board,
Personal, Speaker fees Bayer, Advisory Board, Personal Beigene, Advisory Board, Personal, Speaker
fees BMS, Advisory Board, Personal, Speaker fees Daichii, Advisory Board, Personal, Speaker
fees Genomica, Other, Personal, Board member GSK, Advisory Board, Personal Janssen, Advisory
Board, Personal Lilly, Advisory Board, Personal, Speaker fees Medscape, Advisory Board, Personal,
Speaker fees Merck Serono, Advisory Board, Personal Mirati, Advisory Board, Personal MSD,
Advisory Board, Personal, Speaker fees Novartis, Advisory Board, Personal PER, Advisory Board,
Personal, Speaker fees Pfizer, Advisory Board, Personal Pharmamar, Advisory Board, Personal,
Speaker fees Roche, Advisory Board, Personal, Speaker fees Sanofi, Advisory Board, Personal
Takeda, Advisory Board, Personal Stab Therapeutics, Member of Board of Directors, Personal, Board
member AACR, Other, No financial interest, Member AECC, Other, No financial interest, Foundation
Board Member Alkermes, Coordinating PI, Institutional, Financial interest Amgen, Coordinating PI,
Personal, Financial interest ASCO, Other, No financial interest, Member ASEICA, Other, No financial
interest, President ASEICA(Spanish Association of Cancer Research) AstraZeneca, Coordinating
PI, Institutional, Financial interest BMS, Coordinating PI, Institutional, Financial interest Daiichi
Sankyo, Coordinating PI, Institutional, Financial interest ESMO, Other, No financial interest, Member
Janssen-Cilag International NV, Coordinating PI, Institutional, Financial interest Lilly, Coordinating
PI, Institutional, Financial interest Merck Sharp & Dohme Corp., Coordinating PI, Institutional,
Financial interest Novartis, Coordinating PI, Institutional, Financial interest ONCOSUR, Other, No
financial interest, Foundation president Pfizer, Coordinating PI, Institutional, Financial interest
PharmaMar, Coordinating PI, Institutional, Financial interest Roche, Coordinating PI, Institutional,
Financial interest Sanofi, Coordinating PI, Institutional, Financial interest Small Lung Cancer Group,
Other, No financial interest, member Takeda, Coordinating PI, Institutional, Financial interest Tesaro,
Coordinating PI, Institutional, Financial interest. The funders had no role in the design of the study;
in the collection, analyses, or interpretation of data; in the writing of the manuscript; or in the decision
to publish the results.

1. Siegel, R.L.; Miller, K.D.; Fuchs, H.E.; Jemal, A. Cancer statistics. CA Cancer J. Clin. 2021, 71, 7-33. [CrossRef]

2. Abughanimeh, O.; Kaur, A.; El Osta, B.; Ganti, A.K. Novel targeted therapies for advanced non-small lung cancer. Semin. Oncol.
2022, 49, 326-336. [CrossRef]

3. Tan, A.C; Tan, D.S.W. Targeted Therapies for Lung Cancer Patients with Oncogenic Driver Molecular Alterations. J. Clin. Oncol.
2022, 40, 611-625. [CrossRef]

4. Reck, M.; Rodriguez-Abreu, D.; Robinson, A.G.; Hui, R; Cs6szi, T.; Fiilop, A.; Gottfried, M.; Peled, N.; Tafreshi, A.; Cuffe, S.; et al.
Pembrolizumab versus Chemotherapy for PD-L1-Positive Non-Small-Cell Lung Cancer. N. Engl. ]. Med. 2016, 375, 1823-1833.

[CrossRef]


https://doi.org/10.3322/caac.21654
https://doi.org/10.1053/j.seminoncol.2022.03.003
https://doi.org/10.1200/JCO.21.01626
https://doi.org/10.1056/NEJMoa1606774

Cancers 2023, 15, 5505 17 of 22

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Sezer, A.; Kilickap, S.; Glimiis, M.; Bondarenko, L; Ozgﬁroglu, M.; Gogishvili, M.; Turk, HM.; Cicin, I.; Bentsion, D;
Gladkov, O; et al. Cemiplimab monotherapy for first-line treatment of advanced non-small-cell lung cancer with PD-L1 of
at least 50%: A multicentre, open-label, global, phase 3, randomised, controlled trial. Lancet 2021, 397, 592-604. [CrossRef]
Herbst, R.S.; Giaccone, G.; de Marinis, F.; Reinmuth, N.; Vergnenegre, A.; Barrios, C.H.; Morise, M.; Felip, E.; Andric, Z,;
Geater, S.; et al. Atezolizumab for First-Line Treatment of PD-L1-Selected Patients with NSCLC. N. Engl. ]. Med. 2020, 383,
1328-1339. [CrossRef]

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

Paz-Ares, L.; Luft, A.; Vicente, D.; Tafreshi, A.; Glimiis, M.; Maziéres, ].; Hermes, B.; Cay Senler, F.; Cs6szi, T.; Fiilop, A.; et al.
Pembrolizumab plus Chemotherapy for Squamous Non-Small-Cell Lung Cancer. N. Engl. |. Med. 2018, 379, 2040-2051. [CrossRef]
Paz-Ares, L.; Ciuleanu, T.-E.; Cobo, M.; Schenker, M.; Zurawski, B.; Menezes, J.; Richardet, E.; Bennouna, J.; Felip, E.;
Juan-Vidal, O.; et al. First-line nivolumab plus ipilimumab combined with two cycles of chemotherapy in patients with non-
small-cell lung cancer (CheckMate 9LA): An international, randomised, open-label, phase 3 trial. Lancet Oncol. 2021, 22, 198-211.
[CrossRef]

Reck, M.; Rodriguez-Abreu, D.; Robinson, A.G.; Hui, R.; Cs6szi, T.; Fiilop, A.; Gottfried, M.; Peled, N.; Tafreshi, A.; Cuffe, S.; et al.
Five-Year Outcomes with Pembrolizumab Versus Chemotherapy for Metastatic Non-Small-Cell Lung Cancer With PD-L1 Tumor
Proportion Score > 50. J. Clin. Oncol. 2021, 39, 2339-2349. [CrossRef]

Garassino, M.C.; Gadgeel, S.; Speranza, G.; Felip, E.; Esteban, E.; Domine, M.; Hochmair, M.].; Powell, S.E.; Bischoff, H.G;
Peled, N.; et al. Pembrolizumab Plus Pemetrexed and Platinum in Nonsquamous Non-Small-Cell Lung Cancer: 5-Year Outcomes
from the Phase 3 KEYNOTE-189 Study. J. Clin. Oncol. 2023, 41, 1992-1998. [CrossRef]

Novello, S.; Kowalski, D.M.; Luft, A.; Glimiis, M.; Vicente, D.; Mazieres, J.; Rodriguez-Cid, J.; Tafreshi, A.; Cheng, Y,;
Lee, K.H.; et al. Pembrolizumab Plus Chemotherapy in Squamous Non-Small-Cell Lung Cancer: 5-Year Update of the Phase III
KEYNOTE-407 Study. J. Clin. Oncol. 2023, 41, 1999-2006. [CrossRef]

Shepherd, F.A.; Dancey, J.; Ramlau, R.; Mattson, K.; Gralla, R.; O’rourke, M.; Levitan, N.; Gressot, L.; Vincent, M.; Burkes, R.; et al.
Prospective randomized trial of docetaxel versus best supportive care in patients with non-small-cell lung cancer previously
treated with platinum-based chemotherapy. J. Clin. Oncol. 2000, 18, 2095-2103. [CrossRef]

Schuette, W.; Nagel, S.; Blankenburg, T.; Lautenschlaeger, C.; Hans, K.; Schmidt, E.-W.; Dittrich, I.; Schweisfurth, H.; von
Weikersthal, L.F.; Raghavachar, A.; et al. Phase III study of second-line chemotherapy for advanced non-small-cell lung cancer
with weekly compared with 3-weekly docetaxel. J. Clin. Oncol. 2005, 23, 8389-8395. [CrossRef]

Crino, L.; Mosconi, A.M.; Scagliotti, G.; Selvaggi, G.; Novello, S.; Rinaldi, M.; Della Giulia, M.; Gridelli, C.; Rossi, A.;
Calandri, C.; et al. Gemcitabine as second-line treatment for advanced non-small-cell lung cancer: A phase II trial. J. Clin.
Oncol. 1999, 17, 2081. [CrossRef]

Fossella, F.V.; DeVore, R.; Kerr, RN.; Crawford, ]J.; Natale, R.R.; Dunphy, E; Kalman, L.; Miller, V.; Lee, ].S.; Moore, M.; et al.
Randomized phase III trial of docetaxel versus vinorelbine or ifosfamide in patients with advanced non-small-cell lung cancer
previously treated with platinum-containing chemotherapy regimens. The TAX 320 Non-Small Cell Lung Cancer Study Group.
J. Clin. Oncol. 2000, 18, 2354-2362. [CrossRef]

Yoneshima, Y.; Morita, S.; Ando, M.; Nakamura, A.; Iwasawa, S.; Yoshioka, H.; Goto, Y.; Takeshita, M.; Harada, T.; Hirano, K.; et al.
Phase 3 Trial Comparing Nanoparticle Albumin-Bound Paclitaxel With Docetaxel for Previously Treated Advanced NSCLC.
J. Thorac. Oncol. 2021, 16, 1523-1532. [CrossRef]

Hanna, N.; Shepherd, F.A.; Fossella, EV.; Pereira, J.R.; De Marinis, F.; von Pawel, J.; Gatzemeier, U.; Tsao, T.C.Y.; Pless, M.;
Muller, T.; et al. Randomized phase III trial of pemetrexed versus docetaxel in patients with non-small-cell lung cancer previously
treated with chemotherapy. J. Clin. Oncol. 2004, 22, 1589-1597. [CrossRef]

Nokihara, H.; Lu, S.; Mok, T.; Nakagawa, K.; Yamamoto, N.; Shi, Y.; Zhang, L.; Soo, R; Yang, J.; Sugawara, S.; et al. Randomized
controlled trial of S-1 versus docetaxel in patients with non-small-cell lung cancer previously treated with platinum-based
chemotherapy (East Asia S-1 Trial in Lung Cancer). Ann. Oncol. 2017, 28, 2698-2706. [CrossRef]

Park, S.E.; Lee, S.H.; Ahn, ].S.; Ahn, M.-].; Park, K; Sun, ].-M. Increased Response Rates to Salvage Chemotherapy Administered
after PD-1/PD-L1 Inhibitors in Patients with Non-Small Cell Lung Cancer. J. Thorac. Oncol. 2018, 13, 106-111. [CrossRef]

Tone, M.; Izumo, T.; Awano, N.; Kuse, N.; Inomata, M.; Jo, T.; Yoshimura, H.; Miyamoto, S.; Kunitoh, H. Treatment effect and
safety profile of salvage chemotherapy following immune checkpoint inhibitors in lung cancer. Lung Cancer Manag. 2019, 4,
LMT12. [CrossRef]

de Langen, A.J.; Johnson, M.L.; Mazieres, ]J.; Dingemans, A.-M.C.; Mountzios, G.; Pless, M.; Wolf, J.; Schuler, M.; Lena, H.;
Skoulidis, F.; et al. Sotorasib versus docetaxel for previously treated non-small-cell lung cancer with KRASG12C mutation: A
randomised, open-label, phase 3 trial. Lancet 2023, 401, 733-746. [CrossRef]

Galluzzi, L.; Buqué, A.; Kepp, O.; Zitvogel, L.; Kroemer, G. Immunological Effects of Conventional Chemotherapy and Targeted
Anticancer Agents. Cancer Cell 2015, 28, 690-714. [CrossRef]

De Sousa Linhares, A.; Battin, C.; Jutz, S.; Leitner, J.; Hafner, C.; Tobias, J.; Wiedermann, U.; Kundi, M.; Zlabinger, G.J.; Grabmeier-
Pfistershammer, K.; et al. Therapeutic PD-L1 antibodies are more effective than PD-1 antibodies in blocking PD-1/PD-L1 signaling.
Sci. Rep. 2019, 9, 11472. [CrossRef]


https://doi.org/10.1016/S0140-6736(21)00228-2
https://doi.org/10.1056/NEJMoa1917346
https://doi.org/10.1056/NEJMoa1801005
https://doi.org/10.1056/NEJMoa1810865
https://doi.org/10.1016/S1470-2045(20)30641-0
https://doi.org/10.1200/JCO.21.00174
https://doi.org/10.1200/JCO.22.01989
https://doi.org/10.1200/JCO.22.01990
https://doi.org/10.1200/JCO.2000.18.10.2095
https://doi.org/10.1200/JCO.2005.02.3739
https://doi.org/10.1200/JCO.1999.17.7.2081
https://doi.org/10.1200/JCO.2000.18.12.2354
https://doi.org/10.1016/j.jtho.2021.03.027
https://doi.org/10.1200/JCO.2004.08.163
https://doi.org/10.1093/annonc/mdx419
https://doi.org/10.1016/j.jtho.2017.10.011
https://doi.org/10.2217/lmt-2019-0001
https://doi.org/10.1016/S0140-6736(23)00221-0
https://doi.org/10.1016/j.ccell.2015.10.012
https://doi.org/10.1038/s41598-019-47910-1

Cancers 2023, 15, 5505 18 of 22

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Hilberg, F.; Roth, G.J.; Krssak, M.; Kautschitsch, S.; Sommergruber, W.; Tontsch-Grunt, U.; Garin-Chesa, P.; Bader, G.; Zoephel, A;
Quant, J.; et al. BIBF 1120: Triple Angiokinase Inhibitor with Sustained Receptor Blockade and Good Antitumor Efficacy. Cancer
Res. 2008, 68, 4774-4782. [CrossRef]

Wind, S.; Schmid, U.; Freiwald, M.; Marzin, K.; Lotz, R.; Ebner, T.; Stopfer, P.; Dallinger, C. Clinical Pharmacokinetics and
Pharmacodynamics of Nintedanib. Clin. Pharmacokinet. 2019, 58, 1131-1147. [CrossRef]

Tu, J.; Xu, H;; Ma, L.; Li, C; Qin, W.; Chen, X; Yi, M,; Sun, L.; Liu, B.; Yuan, X. Nintedanib enhances the efficacy of PD-L1 blockade
by upregulating MHC-I and PD-L1 expression in tumor cells. Theranostics 2022, 12, 747-766. [CrossRef]

Reck, M.; Kaiser, R.; Mellemgaard, A.; Douillard, J.-Y.; Orlov, S.; Krzakowski, M.; von Pawel, J.; Gottfried, M.; Bondarenko, I.;
Liao, M.; et al. Docetaxel plus nintedanib versus docetaxel plus placebo in patients with previously treated non-small-cell lung
cancer (LUME-Lung 1): A phase 3, double-blind, randomised controlled trial. Lancet Oncol. 2014, 15, 143-155. [CrossRef]
Grohé, C.; Wehler, T.; Dechow, T.; Henschke, S.; Schuette, W.; Dittrich, I.; Hammerschmidyt, S.; Miiller-Huesmann, H.; Schumann,
C.; Krtiger, S.; et al. Nintedanib plus docetaxel after progression on first-line immunochemotherapy in patients with lung
adenocarcinoma: Cohort C of the non-interventional study, VARGADO. Transl. Lung Cancer Res. 2022, 11, 2010-2021. [CrossRef]
Garon, E.B.; Ciuleanu, T.-E.; Arrieta, O.; Prabhash, K.; Syrigos, K.N.; Goksel, T.; Park, K.; Gorbunova, V.; Kowalyszyn, R.D.; Pikiel,
J.; et al. Ramucirumab plus docetaxel versus placebo plus docetaxel for second-line treatment of stage IV non-small-cell lung
cancer after disease progression on platinum-based therapy (REVEL): A multicentre, double-blind, randomised phase 3 trial.
Lancet 2014, 384, 665-673. [CrossRef]

Cortot, A.B.; Audigier-Valette, C.; Molinier, O.; Le Moulec, S.; Barlesi, E; Zalcman, G.; Dumont, P.; Pouessel, D.; Poulet, C.;
Fontaine-Delaruelle, C.; et al. Weekly paclitaxel plus bevacizumab versus docetaxel as second- or third-line treatment in advanced
non-squamous non-small-cell lung cancer: Results of the IFCT-1103 ULTIMATE study. Eur. J. Cancer 2020, 131, 27-36. [CrossRef]
Brueckl, WM.; Reck, M.; Rittmeyer, A.; Kollmeier, ].; Wesseler, C.; Wiest, G.H.; Christopoulos, P.; Stenzinger, A.; Tufman, A;
Hoffknecht, P; et al. Efficacy of docetaxel plus ramucirumab as palliative second-line therapy following first-line chemotherapy
plus immune-checkpoint-inhibitor combination treatment in patients with non-small cell lung cancer (NSCLC) UICC stage IV.
Transl. Lung Cancer Res. 2021, 10, 3093-3105. [CrossRef]

Garon, E.B.; Visseren-Grul, C.; Rizzo, M.T.; Puri, T.; Chenji, S.; Reck, M. Clinical outcomes of ramucirumab plus docetaxel in the
treatment of patients with non-small cell lung cancer after immunotherapy: A systematic literature review. Front. Oncol. 2023,
13,1247879. [CrossRef]

Kato, R.; Hayashi, H.; Chiba, Y.; Miyawaki, E.; Shimizu, J.; Ozaki, T.; Fujimoto, D.; Toyozawa, R.; Nakamura, A.; Kozuki, T.; et al.
Propensity score-weighted analysis of chemotherapy after PD-1 inhibitors versus chemotherapy alone in patients with non-small
cell lung cancer (WJOG10217L). J. Immunother. Cancer 2020, 8, €000350. [CrossRef]

Remon, J.; Lacas, B.; Herbst, R.; Reck, M.; Garon, E.B.; Scagliotti, G.V.; Ramlau, R.; Hanna, N.; Vansteenkiste, J.; Yoh, K,; et al.
ANSELMA collaborative group. Antiangiogenic Second-line Lung cancer Meta-Analysis on individual patient data in non-small
cell lung cancer: ANSELMA. Eur. |. Cancer 2022, 166, 112-125. [CrossRef]

Khan, K.A.; Kerbel, R.S. Improving immunotherapy outcomes with anti-angiogenic treatments and vice versa. Nat. Rev. Clin.
Oncol. 2018, 15, 310-324. [CrossRef]

Horvath, L.; Thienpont, B.; Zhao, L.; Wolf, D.; Pircher, A. Overcoming immunotherapy resistance in non-small cell lung cancer
(NSCLC)—Novel approaches and future outlook. Mol. Cancer 2020, 19, 141. [CrossRef]

Fukumura, D.; Kloepper, J.; Amoozgar, Z.; Duda, D.G,; Jain, R K. Enhancing cancer immunotherapy using antiangiogenics:
Opportunities and challenges. Nat. Rev. Clin. Oncol. 2018, 15, 325-340. [CrossRef]

Popat, S.; Grohé, C.; Corral, J.; Reck, M.; Novello, S.; Gottfried, M.; Radonjic, D.; Kaiser, R. Anti-angiogenic agents in the age of
resistance to immune checkpoint inhibitors: Do they have a role in non-oncogene-addicted non-small cell lung cancer? Lung
Cancer 2020, 144, 76-84. [CrossRef]

Goulet, D.R.; Atkins, W.M. Considerations for the Design of Antibody-Based Therapeutics. J. Pharm. Sci. 2020, 109, 74-103.
[CrossRef]

Beck, A.; Goetsch, L.; Dumontet, C.; Corvaia, N. Strategies and challenges for the next generation of antibody-drug conjugates.
Nat. Rev. Drug Discov. 2017, 16, 315-337. [CrossRef]

Heist, R.S.; Guarino, M.].; Masters, G.; Purcell, W.T.; Starodub, A.N.; Horn, L.; Scheff, R.]J.; Bardia, A.; Messersmith, W.A.; Berlin,
J.; et al. Therapy of Advanced Non-Small-Cell Lung Cancer With an SN-38-Anti-Trop-2 Drug Conjugate, Sacituzumab Govitecan.
J. Clin. Oncol. 2017, 35, 2790-2797. [CrossRef]

Shimizu, T.; Sands, J.; Yoh, K.; Spira, A.; Garon, E.B.; Kitazono, S.; Johnson, M.L.; Meric-Bernstam, F,; Tolcher, A.W.; Yamamoto,
N.; et al. First-in-Human, Phase I Dose-Escalation and Dose-Expansion Study of Trophoblast Cell-Surface Antigen 2-Directed
Antibody-Drug Conjugate Datopotamab Deruxtecan in Non-Small-Cell Lung Cancer: TROPION-PanTumor01. J. Clin. Oncol.
2023, 41, 4678-4687. [CrossRef]

Ahn, M.-].; Lisberg, A.; Paz-Ares, L.; Cornelissen, R.; Girard, N.; Pons-Tostivint, E.; Baz, D.V.; Sugawara, S.; Dols, M.C.; Pérol, M.;
et al. LBA12 Datopotamab deruxtecan (Dato-DXd) vs docetaxel in previously treated advanced/metastatic (adv/met) non-small
cell lung cancer (NSCLC): Results of the randomized phase III study TROPION-Lung01. Ann. Oncol. 2023, 34, S1305-51306.
[CrossRef]

Goldenberg, D.M.; Cardillo, T.M.; Govindan, S.V.; Rossi, E.A.; Sharkey, R.M. Trop-2 is a novel target for solid cancer therapy with
sacituzumab govitecan (IMMU-132), an antibody-drug conjugate (ADC). Oncotarget 2015, 6, 22496-22512. [CrossRef]


https://doi.org/10.1158/0008-5472.CAN-07-6307
https://doi.org/10.1007/s40262-019-00766-0
https://doi.org/10.7150/thno.65828
https://doi.org/10.1016/S1470-2045(13)70586-2
https://doi.org/10.21037/tlcr-21-1018
https://doi.org/10.1016/S0140-6736(14)60845-X
https://doi.org/10.1016/j.ejca.2020.02.022
https://doi.org/10.21037/tlcr-21-197
https://doi.org/10.3389/fonc.2023.1247879
https://doi.org/10.1136/jitc-2019-000350
https://doi.org/10.1016/j.ejca.2022.02.002
https://doi.org/10.1038/nrclinonc.2018.9
https://doi.org/10.1186/s12943-020-01260-z
https://doi.org/10.1038/nrclinonc.2018.29
https://doi.org/10.1016/j.lungcan.2020.04.009
https://doi.org/10.1016/j.xphs.2019.05.031
https://doi.org/10.1038/nrd.2016.268
https://doi.org/10.1200/JCO.2016.72.1894
https://doi.org/10.1200/JCO.23.00059
https://doi.org/10.1016/j.annonc.2023.10.061
https://doi.org/10.18632/oncotarget.4318

Cancers 2023, 15, 5505 19 of 22

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Garassino, M.C.; Reznick, D.; Liu, S.Y.; Reinmuth, N.; Girard, N.; de Marinis, F.; Mekan, S.F,; Patel, R.; Ding, M.; Paz-Ares, L.
EVOKE-01: A phase 3 study of sacituzumab govitecan (SG) versus docetaxel in patients with non-small cell lung cancer (NSCLC)
progressing on or after platinum-based chemotherapy and checkpoint inhibitors. J. Clin. Oncol. 2022, 40 (Suppl. 16), TPS9149.
[CrossRef]

Decary, S.; Berne, P.-F,; Nicolazzi, C.; Lefebvre, A.-M.; Dabdoubi, T.; Cameron, B.; Rival, P; Devaud, C.; Prades, C.; Bouchard, H,;
et al. Preclinical Activity of SAR408701: A Novel Anti-CEACAM>5-maytansinoid Antibody-drug Conjugate for the Treatment of
CEACAMS5-positive Epithelial Tumors. Clin. Cancer Res. 2020, 26, 6589-6599. [CrossRef]

Gazzah, A.; Ricordel, C.; Cousin, S.; Cho, B.C.; Calvo, E.; Kim, T.M.; Helissey, C.; Kim, ].-S.; Vieito, M.; Boni, V.; et al. Efficacy and
safety of the antibody-drug conjugate (ADC) SAR408701 in patients (pts) with non-squamous non-small cell lung cancer (NSQ
NSCLC) expressing carcinoembryonic antigen-related cell adhesion molecule 5 (CEACAMS). J. Clin. Oncol. 2020, 38 (Suppl. 15),
9505. [CrossRef]

Ricordel, C.; Barlesi, F.; Cousin, S.; Cho, B.C.; Calvo, E.; Kim, T.M.; Helissey, C.; Kim, J.-S.; Vieito, M.; Boni, V.; et al. Safety and
efficacy of tusamitamab ravtansine (SAR408701) in long-term treated patients with nonsquamous non-small cell lung cancer
(NSQ NSCLC) expressing carcinoembryonic antigen-related cell adhesion molecule 5 (CEACAMS). J. Clin. Oncol. 2022, 40
(Suppl. 16), 9039. [CrossRef]

Johnson, M.L.; Chadjaa, M.; Yoruk, S.; Besse, B. Phase III trial comparing antibody-drug conjugate (ADC) SAR408701 with
docetaxel in patients with metastatic nsq non-small cell lung cancer (NSQ NSCLC) failing chemotherapy and immunotherapy.
J. Clin. Oncol. 2020, 38 (Suppl. 15), TPS9625. [CrossRef]

Ma, P.C.; Jagadeeswaran, R.; Jagadeesh, S.; Tretiakova, M.S.; Nallasura, V.; Fox, E.A.; Hansen, M.; Schaefer, E.; Naoki, K.; Lader,
A_; et al. Functional expression and mutations of c-Met and its therapeutic inhibition with SU11274 and small interfering RNA in
non-small cell lung cancer. Cancer Res. 2005, 65, 1479-1488. [CrossRef]

Wang, J.; Anderson, M.G.; Oleksijew, A.; Vaidya, K.S.; Boghaert, E.R.; Tucker, L.; Zhang, Q.; Han, E.K.; Palma, ].P.; Naumovski,
L.; etal. ABBV-399, a c-Met Antibody-Drug Conjugate that Targets Both MET-Amplified and c-Met-Overexpressing Tumors,
Irrespective of MET Pathway Dependence. Clin. Cancer Res. 2017, 23, 992-1000. [CrossRef]

Camidge, D.R.; Bar, J.; Horinouchi, H.; Goldman, J.W.; Moiseenko, E.V; Filippova, E.; Cicin, L; Bradbury, P.A.; Daaboul, N;
Tomasini, P; et al. Telisotuzumab vedotin (Teliso-V) monotherapy in patients (pts) with previously treated c-Met—overexpressing
(OE) advanced non-small cell lung cancer (NSCLC). . Clin. Oncol. 2022, 40 (Suppl. 16), 9016. [CrossRef]

Camidge, D.R.; Barlesi, F.; Goldman, J.W.; Morgensztern, D.; Heist, R.; Vokes, E.; Spira, A.; Angevin, E.; Su, W.-C.; Hong,
D.S.; et al. Phase Ib Study of Telisotuzumab Vedotin in Combination with Erlotinib in Patients With c-Met Protein-Expressing
Non-Small-Cell Lung Cancer. J. Clin. Oncol. 2023, 41, 1105-1115. [CrossRef]

Wagar, S.N.; Redman, M.W.; Arnold, S.M.; Hirsch, ER.; Mack, P.C.; Schwartz, L.H.; Gandara, D.R.; Stinchcombe, T.E.; Leighl,
N.B.; Ramalingam, S.S.; et al. A Phase II Study of Telisotuzumab Vedotin in Patients With c-MET-positive Stage IV or Recurrent
Squamous Cell Lung Cancer (LUNG-MAP Sub-study S1400K, NCT03574753). Clin. Lung Cancer 2021, 22, 170-177. [CrossRef]
Ren, S.; Wang, |.; Ying, J.; Mitsudomi, T.; Lee, D.; Wang, Z.; Chu, Q.; Mack, P.; Cheng, Y.; Duan, J.; et al. Consensus for HER2
alterations testing in non-small-cell lung cancer. ESMO Open 2022, 7, 100395. [CrossRef]

Modji, S.; Jacot, W.; Yamashita, T.; Sohn, J.; Vidal, M.; Tokunaga, E.; Tsurutani, J.; Ueno, N.T.; Prat, A.; Chae, Y.S.; et al. Trastuzumab
Deruxtecan in Previously Treated HER2-Low Advanced Breast Cancer. N. Engl. J. Med. 2022, 387, 9-20. [CrossRef]

Li, B.T,; Smit, E.E,; Goto, Y.; Nakagawa, K.; Udagawa, H.; Mazieres, ].; Nagasaka, M.; Bazhenova, L.; Saltos, A.N.; Felip, E.; et al.
Trastuzumab Deruxtecan in HER2-Mutant Non-Small-Cell Lung Cancer. N. Engl. ]. Med. 2022, 386, 241-251. [CrossRef]

Smit, E.; Felip, E.; Uprety, D.; Nakagawa, K.; Paz-Ares, L.; Pacheco, J.; Li, B.; Planchard, D.; Baik, C.; Goto, Y.; et al. Trastuzumab
deruxtecan in patients (pts) with HER2-overexpressing (HER2-OE) metastatic non-small cell lung cancer (NSCLC): Results from
the DESTINY-Lung01 trial. Ann. Oncol. 2022, 33, S994-5995. [CrossRef]

Herbst, R.S.; Garon, E.B.; Kim, D.-W.; Cho, B.C.; Perez-Gracia, ].L.; Han, J.-Y.; Arvis, C.D.; Majem, M.; Forster, M.D.; Monnet, L;
et al. Long-Term Outcomes and Retreatment Among Patients with Previously Treated, Programmed Death-Ligand 1-Positive,
Advanced Non-Small-Cell Lung Cancer in the KEYNOTE-010 Study. J. Clin. Oncol. 2020, 38, 1580-1590. [CrossRef]
Rodriguez-Abreu, D.; Wu, Y.-L.; Boyer, M.; Garassino, M.; Mok, T.; Cheng, Y.; Hui, R.; Kowalski, D.; Robinson, A.; Brahmer, J.;
et al. OA15.06 Pooled Analysis of Outcomes with Second-Course Pembrolizumab Across 5 Phase 3 Studies of Non-Small-Cell
Lung Cancer. J. Thorac. Oncol. 2022, 17, S42-543. [CrossRef]

Aix, S.P; Costa, E.C.; Bosch-Barrera, J.; Font, E.F.; Guirado, M.; Sarto, J.C.; Tarruella, M.M.; Vidal, O.].; Portulas, E.D.; Diz, P, et al.
160P Pembrolizumab re-challenge in patients with relapsed non-small cell lung cancer (NSCLC): A preliminary report of the
REPLAY phase II trial—Cohort I. Ann. Oncol. 2021, 32, S1450. [CrossRef]

Tian, T.; Yu, M,; Yu, Y,; Wang, K,; Tian, P; Luo, Z.; Ding, Z.; Wang, Y.; Gong, Y.; Zhu, ].; et al. Immune checkpoint inhibitor
(ICI)-based treatment beyond progression with prior immunotherapy in patients with stage IV non-small cell lung cancer: A
retrospective study. Transl. Lung Cancer Res. 2022, 11, 1027-1037. [CrossRef]

Cai, Z.; Zhan, P; Song, Y; Liu, H.; Lv, T. Safety and efficacy of retreatment with immune checkpoint inhibitors in non-small cell
lung cancer: A systematic review and meta-analysis. Transl. Lung Cancer Res. 2022, 11, 1555-1566. [CrossRef]


https://doi.org/10.1200/JCO.2022.40.16_suppl.TPS9149
https://doi.org/10.1158/1078-0432.CCR-19-4051
https://doi.org/10.1200/JCO.2020.38.15_suppl.9505
https://doi.org/10.1200/JCO.2022.40.16_suppl.9039
https://doi.org/10.1200/JCO.2020.38.15_suppl.TPS9625
https://doi.org/10.1158/0008-5472.CAN-04-2650
https://doi.org/10.1158/1078-0432.CCR-16-1568
https://doi.org/10.1200/JCO.2022.40.16_suppl.9016
https://doi.org/10.1200/JCO.22.00739
https://doi.org/10.1016/j.cllc.2020.09.013
https://doi.org/10.1016/j.esmoop.2022.100395
https://doi.org/10.1056/NEJMoa2203690
https://doi.org/10.1056/NEJMoa2112431
https://doi.org/10.1016/j.annonc.2022.07.1103
https://doi.org/10.1200/JCO.19.02446
https://doi.org/10.1016/j.jtho.2022.07.075
https://doi.org/10.1016/j.ijepes.2020.105823
https://doi.org/10.21037/tlcr-22-376
https://doi.org/10.21037/tlcr-22-140

Cancers 2023, 15, 5505 20 of 22

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

Motzer, R.; Alekseev, B.; Rha, S.-Y.; Porta, C.; Eto, M.; Powles, T.; Griinwald, V.; Hutson, T.E.; Kopyltsov, E.; Méndez-Vidal, M.J.;
et al. Lenvatinib plus Pembrolizumab or Everolimus for Advanced Renal Cell Carcinoma. N. Engl. ]. Med. 2021, 384, 1289-1300.
[CrossRef]

Taylor, M.H.; Lee, C.-H.; Makker, V.; Rasco, D.; Dutcus, C.E.; Wu, J.; Stepan, D.E.; Shumaker, R.C.; Motzer, R.J. Phase IB/II Trial
of Lenvatinib Plus Pembrolizumab in Patients with Advanced Renal Cell Carcinoma, Endometrial Cancer, and Other Selected
Advanced Solid Tumors. J. Clin. Oncol. 2020, 38, 1154-1163. [CrossRef]

Leighl, N.B.; Hui, R.; Rodriguez-Abreu, D.; Nishio, M.; Hellmann, M.D.; Lee, C.; Deng, X.; Kush, D.; Borghaei, H.; Gainor, J.
Abstract CT289: Pembrolizumab plus lenvatinib vs docetaxel in patients with previously treated metastatic non-small-cell lung
cancer (NSCLC) and PD after platinum-doublet chemotherapy and immunotherapy: Phase 3, randomized, open-label LEAP-008
trial. Cancer Res. 2020, 80 (Suppl. 16), CT289. [CrossRef]

Leal, T.A.; Berz, D.; Rybkin, I.; lams, W.T.; Bruno, D.; Blakely, C.; Spira, A.; Patel, M.; Waterhouse, D.M.; Richards, D.; et al. 43P
MRTX-500: Phase II trial of sitravatinib (sitra)+ nivolumab (nivo) in patients (pts) with nsq (NSQ) non-small cell lung cancer
(NSCLC) progressing on or after prior checkpoint inhibitor (CPI) therapy. Ann. Oncol. 2021, 32 (Suppl. 5), S949-51039. [CrossRef]
Percent, L.].; Reynolds, C.H.; Konduri, K.; Whitehurst, M.T.; Nidhiry, E.A.; Yanagihara, R.H.; Nagasaka, M.; Schreeder, M.T.; Uyeki,
J.; Azzi, G.; et al. Phase III trial of sitravatinib plus nivolumab versus. docetaxel for treatment of NSCLC after platinum-based
chemotherapy and immunotherapy (SAPPHIRE). J. Clin. Oncol. 2020, 38 (Suppl. 15), TPS9635. [CrossRef]

Neal, ].W.; Santoro, A.; Viteri, S.; Aix, S.P.; Fang, B.; Lim, FL.; Gentzler, R.D.; Goldschmidt, ].H.; Khrizman, P.; Massarelli, E.;
et al. Cabozantinib (C) plus atezolizumab (A) or C alone in patients (pts) with advanced non-small cell lung cancer (aNSCLC)
previously treated with an immune checkpoint inhibitor (ICI): Results from Cohorts 7 and 20 of the COSMIC-021 study. J. Clin.
Oncol. 2022, 40 (Suppl. 16), 9005. [CrossRef]

Neal, ] W.; Kundu, P; Tanaka, T.; Enquist, I; Patel, S.; Balestrini, A.; Wang, J.; Newsom-Davis, T.; Goto, Y.; Pavlakis, N.; et al.
CONTACT-01: A phase III, randomized study of atezolizumab plus cabozantinib versus docetaxel in patients with metastatic
non-small cell lung cancer (mMNSCLC) previously treated with PD-L1/PD-1 inhibitors and platinum-containing chemotherapy.
J. Clin. Oncology 2021, 39 (Suppl. 15), TPS9134. [CrossRef]

Herbst, R.S.; Arkenau, H.-T.; Santana-Davila, R.; Calvo, E.; Paz-Ares, L.; A Cassier, P; Bendell, J.; Penel, N.; Krebs, M.G.;
Martin-Liberal, J.; et al. Ramucirumab plus pembrolizumab in patients with previously treated advanced non-small-cell lung
cancer, gastro-oesophageal cancer, or urothelial carcinomas (JVDF): A multicohort, non-randomised, open-label, phase 1a/b trial.
Lancet Oncol. 2019, 20, 1109-1123. [CrossRef]

Herbst, R.S.; Arkenau, H.T.; Bendell, J.; Arrowsmith, E.; Wermke, M.; Soriano, A.; Penel, N.; Santana-Davila, R.; Bischoff, H.;
Chau, L; et al. Phase 1 Expansion Cohort of Ramucirumab Plus Pembrolizumab in Advanced Treatment-Naive NSCLC. J. Thorac.
Oncol. 2021, 16, 289-298. [CrossRef]

Reckamp, K.L.; Redman, M.W.; Dragnev, K.H.; Minichiello, K ; Villaruz, L.C.; Faller, B.; Al Baghdadi, T.; Hines, S.; Everhart, L.;
Highleyman, L.; et al. Phase II Randomized Study of Ramucirumab and Pembrolizumab Versus Standard of Care in Advanced
Non-Small-Cell Lung Cancer Previously Treated with Immunotherapy—Lung-MAP S1800A. J. Clin. Oncol. 2022, 40, 2295-2307.
[CrossRef]

Niu, J.; Maurice-Dror, C.; Lee, D.; Kim, D.-W.; Nagrial, A.; Voskoboynik, M.; Chung, H.; Mileham, K.; Vaishampayan, U.; Rasco,
D.; et al. First-in-human phase 1 study of the anti-TIGIT antibody vibostolimab as monotherapy or with pembrolizumab for
advanced solid tumors, including non-small-cell lung cancer *. Ann. Oncol. 2022, 33, 169-180. [CrossRef]

Pembrolizumab /Vibostolimab Coformulation (MK-7684A) or Pembrolizumab /Vibostolimab Coformulation Plus Docetaxel Ver-
sus Docetaxel for Metastatic Non-Small Cell Lung Cancer (NSCLC) with Progressive Disease after Platinum Doublet Chemother-
apy and Immunotherapy (MK-7684A-002, KEYVIBE-002). ClinicalTrials.gov. Updated 5 January 2023. Available online:
https:/ /clinicaltrials.gov /ct2 /show /study /NCT04725188 (accessed on 17 March 2023).

Frentzas, S.; Meniawy, T.; Kao, S.C.H.; Wang, R.; Zuo, Y.; Zheng, H.; Tan, W. AdvanTIG-105: Phase 1 dose-escalation study of
anti-TIGIT mAD ociperlimab (BGB-A1217) in combination with tislelizumab in patients with advanced solid tumors. J. Clin.
Oncol. 2021, 39 (Suppl. 15), 2583. [CrossRef]

Curigliano, G.; Gelderblom, H.; Mach, N.; Doi, T.; Tai, D.; Forde, PM.; Sarantopoulos, J.; Bedard, PL.; Lin, C.-C.; Hodi, ES.; et al.
Phase I/Ib Clinical Trial of Sabatolimab, an Anti-TIM-3 Antibody, Alone and in Combination with Spartalizumab, an Anti-PD-1
Antibody, in Advanced Solid Tumors. Clin. Cancer Res. 2021, 27, 3620-3629. [CrossRef]

Falchook, G.S.; Ribas, A.; Davar, D.; Eroglu, Z.; Wang, ].S.; Luke, ].J.; Hamilton, E.P.,; Di Pace, B.; Wang, T.; Ghosh, S.; et al. Phase 1
trial of TIM-3 inhibitor cobolimab monotherapy and in combination with PD-1 inhibitors nivolumab or dostarlimab (AMBER).
J. Clin. Oncol. 2022, 40 (Suppl. 16), 2504. [CrossRef]

Maruhashi, T.; Sugiura, D.; Okazaki, I.-M.; Okazaki, T. LAG-3: From molecular functions to clinical applications. . Immunother.
Cancer 2020, 8, €001014. [CrossRef]

Krebs, M.; Majem, M.; Felip, E.; Forster, M.; Doger, B.; Clay, T.; Carcereny, E.; Peguero, J.; Horn, L.; Bajaj, P; et al. A phase II study
(TACTI-002) of eftilagimod alpha (a soluble LAG-3 protein) with pembrolizumab in PD-L1 unselected patients with metastatic
non-small cell lung (NSCLC) or head and neck carcinoma (HNSCC). J. Immunother. Cancer 2020. [CrossRef]

Majem, M.; Forster, M.D.; Krebs, M.G.; Peguero, J.; Clay, T.D.; Felip, E.; lams, W.; Roxburgh, P.; de Speville, B.D.; Bajaj, P; et al.
Final data from a phase II study (TACTI-002) of eftilagimod alpha (soluble LAG-3) and pembrolizumab in 2nd line metastatic
NSCLC pts resistant to PD-1/PD-L1 inhibitors. J. Thorac. Oncol. 2023, 18, S35-5S88. [CrossRef]


https://doi.org/10.1056/NEJMoa2035716
https://doi.org/10.1200/JCO.19.01598
https://doi.org/10.1158/1538-7445.AM2020-CT289
https://doi.org/10.1016/j.annonc.2021.08.1796
https://doi.org/10.1200/JCO.2020.38.15_suppl.TPS9635
https://doi.org/10.1200/JCO.2022.40.16_suppl.9005
https://doi.org/10.1200/JCO.2021.39.15_suppl.TPS9134
https://doi.org/10.1016/S1470-2045(19)30458-9
https://doi.org/10.1016/j.jtho.2020.10.004
https://doi.org/10.1200/JCO.22.00912
https://doi.org/10.1016/j.annonc.2021.11.002
https://clinicaltrials.gov/ct2/show/study/NCT04725188
https://doi.org/10.1200/JCO.2021.39.15_suppl.2583
https://doi.org/10.1158/1078-0432.CCR-20-4746
https://doi.org/10.1200/JCO.2022.40.16_suppl.2504
https://doi.org/10.1136/jitc-2020-001014
https://doi.org/10.1136/jitc-2020-SITC2020.0790
https://doi.org/10.1016/S1556-0864(23)00265-4

Cancers 2023, 15, 5505 21 of 22

83.
84.
85.

86.
87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

Gram, H. Preclinical characterization and clinical development of ILARIS® (canakinumab) for the treatment of autoinflammatory
diseases. Curr. Opin. Chem. Biol. 2016, 32, 1-9. [CrossRef]

Multhoff, G.; Molls, M.; Radons, J. Chronic Inflammation in Cancer Development. Front. Immunol. 2012, 2, 98. [CrossRef]
Paz-Ares, L.; Goto, Y.; Lim, W.D.T.; Halmos, B.; Cho, B.C.; Dols, M.C.; Gonzalez-Larriba, J.L.; Zhou, C.; Demedts, I.; Atmaca,
A.; et al. Canakinumab (CAN)+ docetaxel (DTX) for the second-or third-line (2/3L) treatment of advanced non-small cell lung
cancer (NSCLC): CANOPY-2 phase III results. Ann. Oncol. 2021, 32, S953-5954. [CrossRef]

Akhurst, R.J. Targeting TGF-f3 Signaling for Therapeutic Gain. Cold Spring Harb. Perspect. Biol. 2017, 9, a022301. [CrossRef]
Paz-Ares, L.; Kim, TM.; Vicente, D.; Felip, E.; Lee, D.H.; Lee, KH.; Lin, C.-C.; Flor, M.].; Di Nicola, M.; Alvarez, RM.; et al.
Bintrafusp Alfa, a Bifunctional Fusion Protein Targeting TGF-f3 and PD-L1, in Second-Line Treatment of Patients with NSCLC:
Results From an Expansion Cohort of a Phase 1 Trial. J. Thorac. Oncol. 2020, 15, 1210-1222. [CrossRef]

Klapper, J.A.; Downey, S.G.; Smith, FO.; Yang, ].C.; Hughes, M.S.; Kammula, U.S.; Sherry, R-M.; Royal, R.E.; Steinberg, S.M.;
Rosenberg, S. High-dose interleukin-2 for the treatment of metastatic renal cell carcinoma: A retrospective analysis of response
and survival in patients treated in the surgery branch at the National Cancer Institute between 1986 and 2006. Cancer 2008, 113,
293-301. [CrossRef]

Briukhovetska, D.; Dorr, J.; Endres, S.; Libby, P; Dinarello, C.A.; Kobold, S. Interleukins in cancer: From biology to therapy. Nat.
Rev. Cancer 2021, 21, 481-499. [CrossRef]

Rosen, D.B.; Kvarnhammar, A.M.; Laufer, B.; Knappe, T.; Karlsson, J.].; Hong, E.; Lee, Y.-C.; Thakar, D.; Zuiiga, L.A.; Bang,
K.; et al. TransCon IL-2 3/y: A novel long-acting prodrug with sustained release of an IL-2R3 /y-selective IL-2 variant with
improved pharmacokinetics and potent activation of cytotoxic immune cells for the treatment of cancer. . Immunother. Cancer
2022, 10, e004991. [CrossRef]

Raeber, ML.E.; Sahin, D.; Karakus, U.; Boyman, O. A systematic review of interleukin-2-based immunotherapies in clinical trials
for cancer and autoimmune diseases. EBioMedicine 2023, 90, 104539. [CrossRef]

Suurs, FV.; Hooge, M.N.L.-D.; de Vries, E.G.; de Groot, D.J.A. A review of bispecific antibodies and antibody constructs in
oncology and clinical challenges. Pharmacol. Ther. 2019, 201, 103-119. [CrossRef]

Zhao, Y.; Ma, Y,; Zang, A.; Cheng, Y,; Zhang, Y.; Wang, X.; Chen, Z.; Qu, S.; He, ].; Chen, C.; et al. First-in-human phase I/Ib study
of QL1706 (PSB205), a bifunctional PD1/CTLA4 dual blocker, in patients with advanced solid tumors. J. Hematol. Oncol. 2023,
16, 50. [CrossRef]

Wang, Y.; Li, Y.; Liu, J.; Luo, S.-X,; Li, Q.; Zou, W.; Wang, Z.; Peng, Y.; Xiao, S.; Wang, H.; et al. SI-B003 (PD-1/CTLA-4) in patients
with advanced solid tumors: A phase I study. J. Clin. Oncol. 2023, 41 (Suppl. 16), €14668. [CrossRef]

Rohrberg, K.S.; Brandao, M.; Alvarez, E.C.; Felip, E.; Gort, E.H.; Hiltermann, T.J.N.; Izumi, H.; Kim, D.-W.; Kim, S.-W.; Paz-Ares,
L.G,; et al. Safety, pharmacokinetics (PK), pharmacodynamics (PD) and preliminary efficacy of AZD2936, a bispecific antibody
targeting PD-1 and TIGIT, in checkpoint inhibitor (CPI)-experienced advanced /metastatic non-small-cell lung cancer (NSCLC):
First report of ARTEMIDE-01. J. Clin. Oncol. 2023, 41 (Suppl. 16), 9050. [CrossRef]

Scharpenseel, H.; Hanssen, A.; Loges, S.; Mohme, M.; Bernreuther, C.; Peine, S.; Lamszus, K.; Goy, Y.; Petersen, C.; Westphal, M.;
et al. EGFR and HER3 expression in circulating tumor cells and tumor tissue from non-small cell lung cancer patients. Sci. Rep.
2019, 9, 7406. [CrossRef]

Zhao, Y.; Zhang, L.; Fang, W.; Yang, Y.; Huang, Y.; Zou, W.; Wang, Z.; Ding, M.; Peng, Y.; Xiao, S.; et al. SI-B001 plus chemotherapy
in patients with locally advanced or metastatic EGFR/ALK wild-type non-small cell lung cancer: A phase II, multicenter,
open-label study. J. Clin. Oncol. 2023, 41 (Suppl. 16), 9025. [CrossRef]

Zhang, L.; Ma, Y.; Zhao, Y; Fang, W.; Zhao, H.; Huang, Y.; Yang, Y.; Chen, L.; Hou, X,; Zou, W.; et al. BL-B01D1, a first-in-class
EGFRxHERS3 bispecific antibody-drug conjugate (ADC), in patients with locally advanced or metastatic solid tumor: Results from
a first-in-human phase 1 study. J. Clin. Oncol. 2023, 41 (Suppl. 16), 3001. [CrossRef]

Kilic, A.; Landreneau, R.J.; Luketich, ].D.; Pennathur, A.; Schuchert, M.J. Density of tumor infiltrating lymphocytes correlates
with disease recurrence and survival in patients with large non-small-cell lung cancer tumors. J. Surg. Res. 2011, 167, 207-210.
[CrossRef]

Schalper, K.A.; Brown, J.; Carvajal-Hausdorf, D.; McLaughlin, J.; Velcheti, V.; Syrigos, K.N.; Herbst, R.S.; Rimm, D.L. Objective
measurement and clinical significance of TILs in non-small cell lung cancer. [NCI J. Natl. Cancer Inst. 2015, 107, dju435. [CrossRef]
Rohaan, M.W.; Borch, T.H.; Van Den Berg, ]. H.; Met, O.; Kessels, R.; Geukes Foppen, M.H; Stoltenborg Granhgj, J.; Nuijen, B.;
Nijenhuis, C.; Jedema, L; et al. Tumor-Infiltrating Lymphocyte Therapy or Ipilimumab in Advanced Melanoma. N. Engl. ]. Med.
2022, 387,2113-2125. [CrossRef]

Creelan, B.C.; Wang, C.; Teer, ].K; Toloza, EM.; Yao, J.; Kim, S.; Landin, A.M.; Mullinax, J.E.; Saller, ].].; Saltos, A.N.; et al.
Tumor-infiltrating lymphocyte treatment for anti-PD-1-resistant metastatic lung cancer: A phase 1 trial. Nat. Med. 2021, 27,
1410-1418. [CrossRef]

Katiyar, V.; Chesney, J.; Kloecker, G. Cellular Therapy for Lung Cancer: Focusing on Chimeric Antigen Receptor T (CAR T) Cells
and Tumor-Infiltrating Lymphocyte (TIL) Therapy. Cancers 2023, 15, 3733. [CrossRef]

Imbimbo, M.; Wetterwald, L.; Friedlaender, A.; Parikh, K.; Addeo, A. Cellular Therapy in NSCLC: Between Myth and Reality.
Curr. Oncol. Rep. 2023, 25, 1161-1174. [CrossRef]


https://doi.org/10.1016/j.cbpa.2015.12.003
https://doi.org/10.3389/fimmu.2011.00098
https://doi.org/10.1016/j.annonc.2021.08.1799
https://doi.org/10.1101/cshperspect.a022301
https://doi.org/10.1016/j.jtho.2020.03.003
https://doi.org/10.1002/cncr.23552
https://doi.org/10.1038/s41568-021-00363-z
https://doi.org/10.1136/jitc-2022-004991
https://doi.org/10.1016/j.ebiom.2023.104539
https://doi.org/10.1016/j.pharmthera.2019.04.006
https://doi.org/10.1186/s13045-023-01445-1
https://doi.org/10.1200/JCO.2023.41.16_suppl.e14668
https://doi.org/10.1200/jco.2023.41.16_suppl.9050
https://doi.org/10.1038/s41598-019-43678-6
https://doi.org/10.1200/JCO.2023.41.16_suppl.9025
https://doi.org/10.1200/JCO.2023.41.16_suppl.3001
https://doi.org/10.1016/j.jss.2009.08.029
https://doi.org/10.1093/jnci/dju435
https://doi.org/10.1056/NEJMoa2210233
https://doi.org/10.1038/s41591-021-01462-y
https://doi.org/10.3390/cancers15143733
https://doi.org/10.1007/s11912-023-01443-z

Cancers 2023, 15, 5505 22 of 22

105. Besse, B.; Campelo, M.G.; Dols, M.C.; Quoix, E.; Madroszyk, A.; Felip, E.; Cappuzzo, F; Denis, F.; Hilgers, W.; Romano, G.; et al.
Activity of OSE-2101 in HLA-A2+ non-small cell lung cancer (NSCLC) patients after failure to immune checkpoint inhibitors (IO):
Final results of phase III Atalante-1 randomised trial. Ann. Oncol. 2021, 32, S1325. [CrossRef]

106. Landi, L.; Delmonte, A.; Bonetti, A.; Pasello, G.; Metro, G.; Mazzoni, E; Borra, G.; Giannarelli, D.; Andrikou, K.; Mangiola, D.;
et al. Combi-TED: A new trial testing Tedopi® with docetaxel or nivolumab in metastatic non-small-cell lung cancer progressing
after first line. Futur. Oncol. 2022, 18, 4457-4464. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.annonc.2021.08.2126
https://doi.org/10.2217/fon-2022-0913

	Introduction 
	Materials and Methods 
	Results 
	Chemotherapy  Antiangiogenic Agents 
	Chemotherapy 
	Chemotherapy Plus Anti-Angiogenic Agents 
	Antibody-Drug Conjugates (ADCs) 

	Anti-TROP2 ADCs 
	Anti-CEACAM5 ADCs 
	Anti-MET ADCs 
	Anti-Her2 (for Non-HER2-Mutated Patients) ADCs 
	Rechallenge with Immunotherapy 
	PD-1/PDL1 Inhibitor Monotherapy Rechallenge 
	PD-1/PDL1 Inhibitors Plus Anti-Angiogenic-Agents 
	PD-1/PDL1 Blockers in Association with Novel ICIs 

	Novel Immunotherapeutic Agents 
	Bispecific Antibodies 
	Cellular Immunotherapy 
	Vaccines 

	Future Perspectives 
	Conclusions 
	References

