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In the past decade, immunotherapy has emerged as a
new pillar of cancer therapy, complementing surgery,
radiation, chemotherapy and targeted therapy. Broadly,
immunotherapy refers to any therapeutic agent that creates
or modifies host immune responses (1). It most frequently
involves the use of targeted antibodies or small molecules
that act on immune regulatory pathways or cytokine
signaling but may also involve the adoptive transfer of
isolated and/or genetically modified tumor-targeting
immune cells.

The most drugged immunotherapy pathway is the
programmed cell death protein 1 (PD-1)/programmed
death ligand 1 (PD-L1) axis. PD-L1 is a cell surface protein
primarily expressed by tumor and stromal cells on many
cancer types. It interacts with PD-1, which is expressed by
immune cells. In healthy hosts, PD-1/PD-L1 interactions
dampen T cell responses. Thus, blockade of this pathway
can ‘unleash’ T cells to attack tumor and stromal cells (2,3).
There are now at least six FDA-approved antibodies that act
on this receptor-ligand pair, including durvalumab which
is a human monoclonal antibody that is specific for PD-L1
and blocks its interaction with PD-1 (4).

The treatment of advanced non-small cell lung cancer
(NSCLC) has been revolutionized by immunotherapies
targeting the PD-1/PD-L1 axis, which enable a significant

subset of metastatic patients to achieve long-term survival (5).
Due to the effectiveness of immunotherapy in advanced-
stage disease, there has been recent interest in testing
whether immunotherapy can improve outcomes in early-
stage resectable NSCLC. The positive results from
the IMpower010 and KEYNOTE-091 studies led to
FDA approvals for atezolizumab and pembrolizumab,
respectively, in the adjuvant setting (6,7). Encouraging
earlier phase data led to the phase III CheckMate 816
clinical trial, in which patients with stage IB-IITA disease
were randomized to three cycles of nivolumab and
chemotherapy versus chemotherapy alone prior to surgical
resection (8,9). Event-free survival (EFS) and major
pathologic response (MPR) rates were significantly higher
in patients receiving neoadjuvant nivolumab, leading to the
FDA approval of nivolumab plus platinum chemotherapy
in March 2022 (10). Subsequently, the perioperative
trials KEYNOTE-671 and AEGEAN demonstrated
positive results of incorporating checkpoint inhibitors
plus chemotherapy in the neoadjuvant setting, followed
by an additional 1 year of adjuvant checkpoint inhibitor
therapy (11,12). On October 16, 2023, the FDA approved
pembrolizumab with platinum chemotherapy as neoadjuvant
treatment and with continuation of pembrolizumab as post-
surgical adjuvant treatment.
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There is now considerable interest in identifying new
immune checkpoints and formulating more effective
combination immunotherapies to build upon these recent
successes. Novel drugs targeting the immune targets CD73,
NKG2A, and STAT3 are being explored to augment
immune responses. CD73 is a cell surface molecule that is
expressed by regulatory T and intratumoral natural killer
(NK) cells, promotes their production of immunosuppressive
adenosine, and whose blockade impedes tumor growth in
pre-clinical models (13,14). Oleclumab is a CD73-specific
monoclonal antibody under clinical development. NKG2A is
an inhibitory immune receptor expressed by both T and NK
cells and can be targeted with monalizumab, a humanized anti-
NKG2A antibody (15). Recent research indicates blockade
of this receptor improves antitumor response in mouse
models (16). The JAK-STAT signaling pathway is well
studied in the context of immune cell cytokine signaling,
but STAT3 signaling has also been implicated in lung
cancer tumorigenesis due to its engagement downstream of
epidermal growth factor receptor (EGFR) signaling and IL-6
production (17). Danvatirsen is an antisense oligonucleotide
targeting STAT3 that has recently been shown to have
activity against lymphoma and lung cancer (18).

The NeoCOAST study was a phase II study that asked
whether combining durvalumab with either CD73, NKG2A,
and STAT3 targeted therapies could improve outcomes
in the neoadjuvant setting (19). Eighty-four individuals
with untreated, resectable stage IA3 to IIIA NSCLC from
seventeen centers across North America and Europe were
randomized to receive a single 28-day cycle of durvalumab
monotherapy versus a combination of durvalumab with
either oleclumab, monalizumab, or danvatirsen (Figure I).
Individuals were then taken to surgery for resection within
two weeks of completing neoadjuvant therapy, and blood
and stool samples were collected and analyzed over time.
As a surrogate for outcome, the trial monitored for MPR at
the time of resection, which has been proposed to serve as a
correlate for survival in the neoadjuvant setting (20).

With the limitation of the small sample size of this
study, it is notable that pathological assessment of resection
specimens demonstrated that combination immunotherapy
with durvalumab and either oleclumab, monalizumab, or
danvatirsen improved the rates of MPR as compared to
durvalumab alone. Specifically, the rates of MPR were
11.1% (3/27 patients) in the durvalumab monotherapy arm,
19.0% (4/21 patients) in the durvalumab + oleclumab arm,
30.0% (6/20 patients) in the durvalumab + monalizumab
arm, and 31.3% (5/16 patients) in the durvalumab +
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danvatirsen arm.

There were slightly higher rates of adverse events in the
combination groups. Treatment-emergent adverse events
(TRAEs) occurred in 9 (34.6%), 12 (57.1%), 10 (50.0%),
and 7 (43.8%) patients in the durvalumab monotherapy,
durvalumab + oleclumab, durvalumab + monalizumab,
and durvalumab + danvatirsen arms, respectively. Serious
TRAEs only occurred in 3 patients—1 in the durvalumab
monotherapy arm (immune-mediated arthritis), 1 in
the durvalumab + oleclumab arm (diabetic ketoacidosis)
and 1 in the durvalumab + danvatirsen arm (procedural
hemorrhage). Any claims regarding safety are limited by
the short duration of neoadjuvant treatment (28 days), small
group sizes (~20 patients), and short interval follow-up of
105 days. Notably, the COAST trial evaluated oleclumab
and monalizumab as consolidation therapy after concurrent
chemoradiation for patients with unresectable stage III
NSCLC and also did not reveal major safety concerns
regarding these agents (21). Nonetheless, additional patients
and longer-term follow-up are needed to robustly assess the
safety profiles of oleclumab, monalizumab, and danvatirsen
in combination with durvalumab (22).

A major strength of the study was the collection of blood,
stool, and tissue specimens across time that enabled detailed
correlative analyses. Through this work, the authors found
that combination immunotherapy with durvalumab and
either oleclumab or monalizumab increased the frequency
and effector phenotypes of NK and CD8" T cells within
resected tumors compared with pre-treatment samples.
Further superficial transcriptomic analyses suggested that
the cellular infiltrates may be more activated with cytotoxic
capabilities. Microbiome analyses were also performed but
were limited by the small sample sizes. Nonetheless, the
breadth of these correlative analyses provides a framework
by which future early-stage clinical trials can address
important biological questions in the field.

A major unresolved question in the field is whether
pre-treatment PD-L1 expression or other biomarkers
can predict which patients will benefit from neoadjuvant
and/or adjuvant immunotherapy. In the KEYNOTE-671
and CheckMate 816 trials, patients with high PD-L1
(>50%) benefited most from neoadjuvant immunotherapy,
though patients with lower levels of PD-L1 expression
also variably benefited (10,11). In the NeoCOAST trial,
MPRs were more frequent in patients with PD-L1 >1%
expression versus <1% expression in both the durvalumab
+ oleclumab and durvalumab + monalizumab arms, but
interestingly not in the durvalumab monotherapy or
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Figure 1 Trial schema for NeoCOAST and NeoCOAST-2. 1, neoadjuvant immunotherapy in the NeoCOAST trial consisted of
durvalumab alone, or durvalumab combination with either oleclumab, monalizumab, or danvatirsen. Durvalumab was dosed at
1,500 mg once, oleclumab dosing was dosed at 3,000 mg every 2 weeks, monalizumab was dosed at 750 mg every 2 weeks, and danvatirsen
was dosed at 200 mg every week (including a 7-day lead-in period of danvatirsen 200 mg on days 1, 3, and 5 of week 0). 2, neoadjuvant
chemoimmunotherapy in the NeoCOAST-2 trial consists of durvalumab + oleclumab + platinum-based chemotherapy, durvalumab
+ monalizumab + chemotherapy, or volrustomig + chemotherapy. Volrustomig is a PD-1/CTLA-4 bi-specific antibody. 3, adjuvant
immunotherapy in the NeoCOAST-2 trial consists of durvalumab in combination with either oleclumab, monalizumab, or volrustomig,
started within 10 weeks of surgical resection and continuing for up to 1 year or until disease progression per RECIST v1.1 criteria. NSCLC,
non-small cell lung cancer; PD-1, programmed cell death protein 1; CTLA-4, cytotoxic T lymphocyte protein 4; RECIST, Response

Evaluation Criteria in Solid Tumors.

durvalumab + danvatirsen arms. We suspect this is due to
technical limitations and small sample sizes because none
of the patients who achieved a MPR in these latter arms
were evaluable for baseline PD-L1. Thus, future studies are
needed to better define which patients may benefit from
neoadjuvant immunotherapies.

Another key remaining question from many of the
perioperative immunotherapy studies in NSCLC is
whether there is an overall benefit, or if certain patients
may benefit, from continuing immunotherapy as adjuvant
treatment after neoadjuvant therapy and surgical resection.
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For instance, patients who achieve a complete pathologic
response after neoadjuvant treatment may not need
additional adjuvant therapy, particularly those who do not
have evidence of circulating tumor DNA after surgery.
The optimal number of cycles that should be administered
to patients both neoadjuvantly and adjuvantly is also
unknown. The neoSCORE trial was a small, randomized
phase II study that compared two versus three cycles of
neoadjuvant immunotherapy in patients with resectable
NSCLC (23). While there were more pathologic

responses amongst patients who received three cycles of
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neoadjuvant immunotherapy, the difference did not meet
statistical significance. Interestingly, the NeoCOAST trial
administered only one cycle of neoadjuvant treatment and
achieved MPR rates that are comparable to MPR rates
noted in CheckMate 816, KEYNOTE-671, and AEGEAN
studies in which 3-4 cycles of neoadjuvant treatment were
administered (10-12). Additional carefully designed trials
are needed to answer these open questions.

A new phase II study, termed NeoCOAST-2
(NCTO05061550) is evaluating novel combination
immunotherapies in conjunction with chemotherapy
administered both neoadjuvantly and adjuvantly (Figure 1) 24).
The study’s endpoints are safety, feasibility, and pathologic
complete response. As new combination immunotherapies
enter trials for NSCLC, we must continually monitor for
added toxicities that can result from multiple overlapping
immunotherapeutic agents or excessive cycles. Moving
forward, it will be important to try to individualize treatment
decisions for patients based on response to neoadjuvant
treatment, with a goal to avoid overtreating patients who are
likely cured after neoadjuvant treatment and surgical resection.
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