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The landscape of non-small cell lung cancer has changed dramatically. This is largely due to the introduction of
immunotherapy, and in particular, immune checkpoint blockade inhibitors. Anti-PD-1 immunotherapy is now
standard treatment for patients with non-small cell lung cancer. However, not all patients respond to
immunotherapy, and few patients achieve long-term survival. Moreover, some patients experience adverse effects

from the treatment.

non-small cell lung cancer clinical trials immune checkpoint inhibitors

immune-related adverse events biomarkers

1. Inmunotherapy for Advanced Stage Non-Small Cell Lung
Cancer

In 2012, a phase | study was conducted to determine the safety and efficacy of nivolumab in patients with certain
types of cancers. Surprisingly, this trial showed a response rate of 18% among patients with non-small cell lung
cancer (NSCLC) and led to further clinical development and other anti-PD(L)1 agents in NSCLC W. Checkmate-
017 was a landmark phase llI trial that examined the safety and efficiency of nivolumab versus docetaxel. The trial
showed significantly improved overall survival (OS), overall response rate (ORR), and progression-free survival
(PFS) with nivolumab over docetaxel in patients who had received one prior line of therapy [&. In March 2015,
Checkmate-017 together with Checkmate-057, which had the same study design but was conducted in patients
with non-squamous NSCLC B, led to the approval by the FDA of nivolumab as the first ICI for the treatment of
patients with advanced NSCLC after platinum-based chemotherapy. The five year outcomes of pooled data from
both these trials revealed that at five years, nivolumab continued to demonstrate a survival benefit compared with
docetaxel, with an OS of 13.4% versus 2.6%, and a PFS of 8.0% versus 0% M. This is a significant and life-

changing advance for patients with NSCLC.

The approval of nivolumab was quickly followed by the approval of subsequent ICls (Table 1). In October 2016,
results from the KEYNOTE-010 B and KEYNOTE-024 © trials led to the approval of the PD-1 inhibitor,
pembrolizumab, for the treatment of patients with metastatic NSCLC. In KEYNOTE-024, pembrolizumab was
compared with cytotoxic chemotherapy as a first-line treatment for patients with advanced NSCLC and a PD-L1

tumour percentage score of 50% or greater. Pembrolizumab was shown to have significantly longer PS and OS
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and fewer adverse effects compared with platinum-based chemotherapy and so became a new standard of care
for the first-line treatment of patients with ‘PD-L1 high’ NSCLC €. Following positive results from the POPLAR and
OAK trials, another ICI inhibitor, atezolizumab, was approved for second-line treatment for patients with locally
advanced or metastatic NSCLC B, While anti-PD-(L)1 monotherapy had demonstrated benefit in a subset of
patients with pre-treated NSCLC, it was also postulated that combination immunotherapy may be a useful strategy
in NSCLC.

Table 1. Immune checkpoint inhibitors approved for the treatment of NSCLC.

Name Approval Type of MA  Action Usage Reference
Stage Il OR IV
Nivolumab March 2015 1gG4 PD-1 metastatic 2
NSCLC.
Humanized Stage IV
Pembrolizumab October 2016 IgG4-K isotope PD-1 metastatic [Sliel
antibody. NSCLC.
Stage Il or IV
Atezolizumab October 2016 IgG1 PD-L1 metastatic (zligl
NSCLC.
Durvalumab February 2018 IgG1 k PD-L1 >tage [l El
y g NSCLC
Ipilimumab May 2020 (_|n combination with IgG1 CTLA- NSCLC [10]
nivolumab) 4
November 2022 Stage Ill OR IV
Cemiplimab (in combination with platinum- 9G4 PD-L1 metastatic (L1l
based chemotherapy) NSCLC
comb’;lnoa:/t?omnbv(\jirtrf?iifvg?umab Stage Il OR IV
Tremelimumab . 1gG2 PD-L1 metastatic [12]
and platinum-based
NSCLC
chemotherapy)

Ipilimumab and tremelimumab are CTLA-4 inhibitors previously used in metastatic melanoma. In a phase Il trial
conducted more than 10 years ago, single agent ipilimumab combined with chemotherapy demonstrated modest
benefit compared with ipilimumab monotherapy in NSCLC I3, However, the combination of ipilimumab and
nivolumab had demonstrated deep and durable responses in patients with melanoma 4], and it was hoped this
could be recapitulated in NSCLC. In early phase studies of this combination, it was clear that the doses used for
melanoma resulted in unacceptable toxicity in patients with NSCLC. After modification of this dose to ipilimumab
every 6 weeks, the Checkmate-227 explored this combination in a complex eight-arm clinical trial. Broadly, this
research demonstrated a significant benefit in PFS and OS as well as durable responses in patients with both PD-
L1 > 1% and PD-L1 < 1% NSCLCs, and is approved as a ‘chemotherapy-free’ option in the first-line treatment for
patients with advanced PD-L1 > 1% NSCLC 9 |n addition, a novel regimen from the Checkmate 9LA trial

incorporating two doses of platinum-doublet chemotherapy in addition to ipilimumab and nivolumab also resulted in
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both PFS and OS benefits for this combination compared with chemotherapy alone, and is also an approved
treatment option for first-line advanced NSCLC in all-comers for PD-L1 status (13l This regimen is thought to
potentially provide the ‘neoantigen release’ of cytotoxic chemotherapy alongside the long-term durable outcomes

seen with ipilimumab and nivolumab.

While the use of ICIs has undoubtably changed the landscape of patient care for NSCLC, there remains an urgent
need to transform more patients from immunotherapy non-responders to responders. Hence, current research
strategies are focused on improving the response rate of ICls, and these efforts are mainly centred around creating
effective combination regimens with chemotherapy, radiotherapy, and other anti-cancer drugs (Table 2). In 2018,
the FDA approved the use of pembrolizumab in combination with chemotherapy for first-line treatment of metastatic
non-squamous NSCLC, independent of PD-L1 tumour expression status. This approval was based on the results
of the KEYNOTE-189 trial which demonstrated a longer OS and PFS in patients receiving pembrolizumab in
addition to standard chemotherapy of pemetrexed and a platinum-based drug compared with patients receiving
chemotherapy alone (8. This combination regimen was also approved for first-line treatment in metastatic
squamous NSCLC following the results of the KEYNOTE-407 trial, again independent of PD-LI tumour expression
status (271, The positive results from the Impower150 trial led to the approval of atezolizumab with chemotherapy
and bevacizumab for first-line treatment of metastatic non-squamous NSCLC 18l Interestingly, it has been
demonstrated that the combination of chemotherapy with bevacizumab induces proliferation of peripheral CD8 T
cells, particularly memory and effector subsets (19, perhaps offering the rationale for combining chemotherapy and
bevacizumab with ICIs. This is also now an approved option for first-line treatment of advanced NSCLC
independent of PD-L1 status, based on the phase Il IMPower150 trial 28!,

Table 2. Selected clinical trials investigating combination strategies with approved ICls in advanced NSCLC.

Ipilimumab
?lioz:litt::::tl Drug Type Izg;rtli!fzigr Trial Name Phase Status Reference
Chemotherapy g;ggzr;:’n NCT01285609 Phlﬁse Completed (20
Other Radiotherapy NCT02221739 PTﬁlse Completed [21]
Erlotinib or Crizotinib  NCT01998126 Ph"l"se Completed [22]
Cemiplimab
'_?::::::::tl Drug Type Izlgr;l;liﬁgr Trial Name Phase Status Reference
Chemotherapy Platinum-doublet NCT03409614 EMPOWER- Phase Active, not [
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Other

Additional
Treatment

Chemotherapy

Immune
Checkpoint
Inhibitors

Vaccines

Additional
Treatment

Immune
Checkpoint
Inhibitors

chemotherapy

Isatuximab

Drug Type

Platinum-doublet
chemotherapy

Ipilimumab plus
chemotherapy

Platinum-doublet
chemotherapy

Veliparib, and
platinum-doublet
chemotherapy

Ipilimumab

Cv301

NEO-PV-01

Drug Type

Tremelimumab

Lung 3
NCT03367819
Nivolumab

|:§r-,l;li::igr Trial Name
NCT01454102 Cheg';g/'ate
NCT03215706 Chegl'_(/'l"ate
NCT02477826 Chezc'zfg/'ate
NCT02944396
NCT01454102 Cheg';g"ate
NCT02659059 Cheg'gg/'ate
NCT02785952 L‘g‘&g"{ﬁp
NCT02477826 Chezc'sz;ate
NCT02840994
NCT02897765

Durvalumab

NCT/EU

Identifier LG

NCT02000947

NCT03373760

Phase
I

Phase

Phase

Phase
1]

Phase
Il

Phase

Phase

Phase
Il

Phase
1]

Phase
1]

Phase

Phase

Phase

Phase

Phase

recruiting

Terminated

Status

Completed

Active, not
recruiting

Active, not

recruiting

Completed

Completed

Completed

Active, not
recruiting

Active, not
recruiting

Completed

Completed

Status

Completed

Completed

Reference

[24]

[10]

28]

[10]

Reference

32]
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Anti-
Angiogenic

Other

Additional
Treatment

Chemotherapy

Immune
Checkpoint
Inhibitors

Other

Tremelimumab +/-
chemotherapy

Ramucirumab

Gefitinib

LY3022855

AZD4635

Osimertinib

Drug Type

Carboplatin and
paclitaxel or
carboplatin and nab-
paclitaxel

Vinorelbine

Carboplatin and
paclitaxel with
bevacizumab

Carboplatin and nab-
paclitaxel

Pemetrexed and
either cisplatin or
carboplatin

Ipilimumab

Navoximod

NCT03057106

NCT02572687

NCT02088112

NCT02718911

NCT02740985

NCT02454933

CAURAL

Atezolizumab

NCT/EU
Identifier

NCT02367794

NCT03801304

NCT02366143

NCT02367781

NCT02657434

NCT02174172

NCT02471846

Trial Name

iMpowerl31

VinMetAtezo

iMpower150

iMpower130

iMpowerl32

Pembrolizumab

Phase
Il

Phase
la/b

Phase

Phase
la/b

Phase

Phase
1]

Phase

Phase
]

Phase
Il

Phase
1]

Phase
1]

Phase
1]

Phase
Ib

Phase

Active, not
recruiting

Completed

Completed

Completed

Active, not
recruiting

Active, not
recruiting

Status

Completed

Completed

Completed

Completed

Completed

Completed

Completed

[34]

[38]

Reference

[40]

[44]
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Additional

NCT/EU

Treatment Drug Type Identifier Trial Name  Phase Status Reference
Chemotherapy Chemotherapy NCT02039674 KEYNOTE-  Phase Completed (48]
agents 021 1/l
NCT01840579 KEYO'\ETE' Ph"l"se Completed 47
Pemetrexed/platinum NCT02578680 KEYNOTE- Phase Act|ve.,.not 48]
chemotherapy 189 Il recruiting
Docetaxel NCT02574598 Phﬁ s¢ Completed [49]
Immune
Checkpoint Ipilimumab NCT02039674 KEYNOTE- Phase Completed [46]
o 021 1/
Inhibitors
Aml- . Ramucirumab NCT02443324 Phase Completed (29
Angiogenic |
NCT03971474 AL 51
Il recruiting
Lenvatinib NCT02501096 Prl'/'cllfe Completed [52]
Phase 53]
NCT03006887 | Completed
Other Pegilodecakin NCT02009449 Phase  Active, not (541
| recruiting
Necitimumab NCT02451930 Ph‘f‘se Completed (551
Oral Azacitidine ~ NCT02546986 Phase  Active, not (561
Il recruiting th 5-year
will focus
- LUX-Lung-  Phase [57]
Afatinib NCT03157089 10 " Completed D-L1 pre-
Phase 58]
Eprenetapopt NCT04383938 il Completed
Niraparib NCT04475939  JASPER ' nase  Active, not (59
Il recruiting
Stereotactic body Phase  Active, not 60]
radiotherapy (SBRT) NCT02608385 I recruiting has only
peyull W errierye. 1l reprudly £ZuUlo, Uie FUA dppiuved Uie use Ul uurvaiuliidb 101 pauerits witll UIIIt‘Sl;'ULdble Stage

Il NSCLC whose disease had not progressed following concurrent platinum-based chemotherapy and radiation
therapy. This was the first approval of an immunotherapy agent for the treatment of earlier stage NSCLC and was

based on the results of the phase Il PACIFIC trial, which demonstrated prolonged PFS and OS in patients treated
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with 1 year of consolidation durvalumab versus a placebo . In recent years, much effort has also centred around

designing effective uses of immunotherapy for the treatment of resectable NSCLC (Table 3).

In October 2021, the FDA approved atezolizumab for adjuvant treatment following resection and platinum-based
chemotherapy in patients with stage Il and IlIA NSCLC whose tumours have a PD-L1 expression of greater
than/equal 1% of tumour cells. This approval came about following the Impower010 trial which demonstrated a
DFS benefit with atezolizumab versus best supportive care after adjuvant chemotherapy B2, This was the first
phase Il trial to demonstrate a benefit from immunotherapy in patients with early-stage resectable NSCLC. In
2023, the KEYNOTE-091/PEARLS trial investigated pembrolizumab for adjuvant treatment of early-stage NSCLC
following resection and optional platinum-based chemotherapy for patients with stage IB-IlIA NSCLC. This is

approved for this indication, independent of tumoural PD-L1 expression [62],

Table 3. Clinical trials investigating ICls in resectable NSCLC.

Additional

NCT/EU

Drug Name Drug/Treatment Identifier Status Trial Name Phase Reference
Nivolumab Ipilimumab NCT02259621  Recruiting  NA_00092076 Pha;e ! [63]
(neoadjuvant)
pilmumab ~ NCT03158129  ~CWV& NOU \\poeTaR Phase Il [64]
recruiting
Platinum Active, not CheckMate Phase Il
based- NCT02998528 : (651
recruiting 816 (neoadjuvant)
Chemotherapy
Neoadjuvant NCT03081689 Actlve.,.not NADIM.phase Pha§e Il [66]
Chemotherapy recruiting Il trial (neoadjuvant)
Neoadjuvant Active, not Checkmate Phase Il 67]
Chemotherapy NCT04025879 recruiting 77T (neoadjuvant)
Pembrolizumab NCTO3197467 ~CVeNOL \EoMuN Phase Il (68
recruiting (neoadjuvant)
Active, not KEYNOTE- Phase I [68]
NCT02504372 recruiting 091/PEARLS  (neoadjuvant)
. Phase Il 69]
Ipilimumab Chemotherapy = NCT01820754 Completed TOP1201 IPI .
(neoadjuvant)
Neoadjuvant Active, not Phase |l
Durvalumab ) NCT02572843 SAKK 16/14 (adjuvant and (9]
chemotherapy recruiting .
neoadjuvant)
NCT03030131 Terminated IONESCO trial Phase Il [zl

(neoadjuvant)
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Additional NCTIEU

Drug Name Drug/Treatment Identifier Status Trial Name Phase Reference
SR Active, not (aollz') szstlgnd
Oleculumab/ NCT03800134 recrui,tin AEGEAN Trial necJ)ad'uvant) (22l
monailiziumab/  NCT03794544 N NEOCOAST J (3l
. Completed Phase Il
danvatirsen i
(Neoadjuvant)
:LC. The
Atezolizumab  Taunum-based - ora;4e670g  ACVE NOL L er010 Phase Il &l
chemotherapy recruiting P (adjuvant) otherapy
nts were
NET02927301  A\CvVe; not Phase Il [74] :
recruiting sulted in

significantly longer event-free survival and a higher percentage of patients with a pathological complete response
than chemotherapy alone. Similar results have also been observed in the NADIM trial, for patients with resectable
stage IlIA NSCLC 72 The trial compares the effect of nivolumab with chemotherapy against chemotherapy as a
monotherapy. While the trial is still ongoing, current results show an improved overall survival in patients treated
with chemo-immunotherapy compared with chemotherapy alone, with overall survival at 24 months showing 85.3%
vS. 64.8%.

In March 2022, the Checkmate-816 data led to the FDA approval of neoadjuvant nivolumab and platinum-doublet
chemotherapy for the treatment of early-stage resectable NSCLC. The NEOSTAR trial was also performed in the
neoadjuvant setting, examining the effect of nivolumab or nivolumab and ipilimumab followed by surgery in patients
with resectable NSCLC. The data from this trial indicate that neoadjuvant nivolumab and ipilimumab-based therapy

enhances pathological response, tumour immune infiltrates and immunological memory [zq.

For patients with resectable NSCLC, the goal of therapy is cure. In the context of a curable disease, ICls are used
to reduce the risk of relapse, but it is critical that they do not interfere with the curative portion of the treatment
paradigm, that is, surgery. This is a particular challenge for patients being treated in the neoadjuvant setting (e.g.,
CHECKMATE-816) in which the use of neoadjuvant therapy could be associated with delays to surgery.
Encouragingly, an increased risk of surgical complications has not been observed in most neoadjuvant studies
involving ICIs and NSCLC. For example, in the CHECKMATE-816 study, the authors reported surgical
complications of 41.6% in the nivolumab plus chemotherapy arm and 46.7% in the chemotherapy arm 2,
Encouragingly, only 3.4% of patients had delayed surgery in the nivolumab plus chemotherapy arm and 5.1% in

the chemotherapy alone arm.

For patients in the adjuvant setting (e.g., PEARLS/IMPower010), different challenges emerge compared with the
neoadjuvant setting 61I76] Gjven that the cancer is already surgically resected, irAEs will not interfere with patients’
curative procedure. However, unlike in the metastatic setting, it is researcher's expectation that the majority of
these patients will be cured of their disease. In this regard, the risk of inducing a chronic or multi-organ toxicity may
be associated with significant and long-term impact on patients’ quality-of-life. The risks and benefits of such
adjuvant therapy pose challenges in weighing the low risk of long-term toxicity versus the survival benefit of
disease control. Decisions regarding the most appropriate treatment option need to be made in a collaborative

manner between patients and the multidisciplinary team.
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Adjuvant/neoadjuvant studies in resectable NSCLC have to date demonstrated impressive event-free/disease-free
survival for patients, which researchers hope will translate to an overall survival benefit. Long-term follow-up and
further studies will provide more data on the efficacy of adjuvant/neoadjuvant ICI and the risks of delays to surgical
resection/long-term toxicity. Researchers eagerly await the publication of further studies in this field and long-term

follow-up.

3. Future Outlook for the Use of Inmunotherapy in Non-
Small Cell Lung Cancer

ICIs have established efficacy in advanced and early-stage NSCLC, and it is unlikely that PD-1/PD-L1
monotherapy will improve on the already established benefit for patients. As mentioned previously in this research,
recent interest lies in combining ICIs with novel combination strategies which could include radiation, novel ICls or
other novel systemic therapies. For example, neoadjuvant durvalumab was investigated with or without sub-
ablative stereotactic radiotherapy (SBRT) in patients with resectable NSCLC [Z, |n this research patients received
two cycles of neoadjuvant durvalumab +/— 3 fractions of SBRT (8 Gy * 3), followed by surgery. In the NEOCOAST
study, the authors investigated neoadjuvant durvalumab +/— novel agents for resectable stage I-IlIA NSCLC 8],
These novel agents included the anti-CD73 agent oleclumab, the anti-NKG2A monalizumab or the anti-STAT3
antisense oligonucleotide danavatirsen. Finally, the inhibition of novel checkpoints as a monotherapy or in
combination with pre-existing ICls is an emerging strategy in this field. LAG-3 suppresses T cell activation and
cytokine secretion 22, Inhibitors of LAG-3 have already reached phase Il and phase IlI clinical trials and relatlimab
has been approved in combination with nivolumab for advanced melanoma %, In NSCLC, the RELATIVITY study
has commenced accrual and is exploring the combination of relatlimab and nivolumab and chemotherapy in the
advanced setting B,

Another critical area of research in this field is utilising ‘liquid biopsy’ assays to identify patients not responding to
therapy at an early stage in their treatment paradigm so that therapy plans can be adapted thereafter. ‘Liquid
Biopsy' generally refers to the use of blood based (but can use other body fluids, e.g., breath) biomarkers to
identify tumour-based signatures which could include cfDNA, ctDNA, circulating tumour cells (CTCs) and others
(2] |n an investigation of 67 patients with stage IV NSCLC, a ctDNA ‘molecular response’ in plasma 9 weeks post
starting ICI was associated with a durable clinical benefit (defined as an ongoing response at 6 months post 10,
3.5% vs. 49.4%, p < 0.001). This research demonstrates the potential for ctDNA dynamics to identify responders to
therapy.

In summary, it is likely that the future of ICls in NSCLC will involve their combination with other systemic/local
therapy but advances in therapeutics will be combined with novel diagnostics/biomarkers (e.g., liquid biopsy) to
improve patient selection for therapy.
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