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Abstract: Surgery is the standard of care for patients with operable non-small cell lung cancer (NSCLC).
However, as a single modality, surgery for early stage or locally advanced NSCLC remains associated with
high rates of local and distant recurrence. The addition of neoadjuvant or adjuvant chemotherapy has
modestly improved outcomes. While systemic therapy paired with surgery for other malignancies such as
breast cancer have resulted in far better outcomes for equivalent stage designations, outcome improvements
for operable NSCLC have lagged in part as a result of trials where adjuvant chemotherapy seemed to incur
harm for stage IA patients and only modest survival benefit for stage IB-IITA patients (AJCC 7™ ed.). In
recent years, immunotherapy for NSCLC has emerged as a systemic therapy with significant benefit over
traditional chemotherapy regimens. These advances with immune checkpoint inhibitors (ICIs) have opened
the door to administering peri-operative immunotherapy for operable NSCLC. As a result, a great multitude
of studies investigating the use of immunotherapy in combination with surgery for NSCLC as well as several
other malignancies have emerged. In this review, we outline the rationale for neoadjuvant immunotherapy
in the treatment of operable NSCLC and summarize the available evidence that include preoperative ICI
as a single modality or in combination with systemic agents and/or radiotherapy. Further, we summarize
how such treatment trajectories open multiple unique windows of opportunity for scientific discovery and

potential therapeutic gains for these vulnerable patients.
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Introduction

Screening of high-risk individuals has demonstrated value
in terms of improved survival from lung cancer by virtue
of effecting a significant stage shift at the time of first
diagnosis. As a result, patients who might have otherwise
presented at an inoperable stage have been offered curative

surgery (1-3). While implementation of lung cancer
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screening remains a challenge, the expected stage shift
in coming years as a result of early detection have in part
fuelled the desire to explore new paradigms of care for
these patients. Due to the aggressive nature of lung cancer,
overall and disease-specific outcomes after surgery for non-
small cell lung cancer (NSCLC) have lagged behind other
malignancies, even in the early stages of the disease (2,4-6).
In fact, even with successes and improvements in local
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therapies, local and distant recurrence rates remain high
after surgery for NSCLC (7-9). Adjuvant therapies have
been part of treatment standards to eliminate microscopic
disease or residual disease and prevent recurrence (10).
While novel adjuvant therapies have dramatically improved
outcomes for operable patients with breast cancer and
melanoma, the serach for improved adjuvants in NSCLC
has been slow (11,12). Chemotherapy has been the mainstay
of therapy for advanced NSCLC since the 1990s (13,14),
leading to multiple trials in the neoadjuvant setting for early
stage NSCLC (15). Chemotherapy, whether neoadjuvant
or adjuvant, is estimated to provide an overall benefit on
patients’ 5-year survival rate of only ~5% higher than in
the surgery only group, and such treatment courses are
accompanied by their notable attendant adverse event rates
(15-17). From the results of these initial trials, a significant
debate emerged around the potential harm of chemotherapy
in the neoadjuvant setting. The Albain ez 4/. study compared
chemoradiotherapy alone to chemoradiotherapy followed
by surgery, and demonstrated a potential survival advantage
with the addition of surgery in stage IIIA NSCLC as well
as the potential harm of surgery after such a regimen if a
pneumonectomy was required (18). As a result, the last two
decades can be characterized largely by “up-front” surgery
for early and locally advanced NSCLC followed by adjuvant
chemotherapy (where indicated and if tolerated); versus
pre-operative chemoradiotherapy for patients with stage
IITA NSCLC. Of note, multiple retrospective studies have
recently shown that whether pre-operative chemotherapy
or chemoradiotherapy is employed, outcomes are largely
the same, indicating that conventional therapies have
plateaued for locally advanced NSCLC (19-22). Another
excellent study by Brandt ez 4/. at Memorial Sloan Kettering
Cancer Center has since shown that while oncological
outcomes are essentially the same if chemotherapy is
administered before or after surgery, adverse events from
systemic therapy occur far more in the adjuvant setting than
in the neoadjuvant setting (23). Indeed, such findings point
to the importance of tracking adverse events through the
totality of the treatment course and placing emphasis on the
patient experience of therapy when oncological outcomes
trend towards the same endpoint. Fortunately, the advent of
immunotherapy has opened a new era in lung cancer care.
Even as a single agent, an immune checkpoint inhibitor (ICI)
provides significant benefit over chemotherapy for stage
IV NSCLC (24). These benefits include better side effect
profiles, improved disease-specific outcomes, and prolonged
survival; the result of which ICI is now first-line therapy
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in advanced NSCLC (25). The encouraging outcomes
of immunotherapy in metastatic NSCLC repositioned
neoadjuvant treatment as a potential option that may
minimize harm and provide several significant gains.

Immunotherapy for locally advanced and
metastatic NSCLC

In the setting of advanced, metastatic NSCLC, several
randomized phase III trials led to the approval of nivolumab
(anti-PD-1), pembrolizumab (anti-PD-1) and atezolizumab
(anti-PD-L1) as monotherapies (26-30). PD-L1 tumor
surface expression was suggested to be predictive of
response and survival (31-33). Several trials also revealed
that the addition of ICIs to standard chemotherapy
compared to chemotherapy alone was safe, and also resulted
in prolonged progression-free survival (PFS) and overall
survival (OS) (34-38). In patients with driver mutations
(e.g., EGFR, ALK), ICIs led to an inferior OS when
compared to docetaxel (39). The use of ICI in EGFR and
ALK mutant NSCLC patients has been controversial and
trials have mostly excluded these patients to focus on those
for whom targeted therapies are not otherwise available
(34-38). Another topic of interest in advanced NSCLC
is the combination of an anti-PD-1 or anti-PD-LI to an
anti-CTLA-4. Results have shown improved response
and survival with ICI or combination chemotherapy-
ICI compared to chemotherapy alone (40-42). Yet, these
advances are only a small step in the right direction as most
patients continue to die within 2 to 3 years of diagnosis (42).
As a result, strategies to optimally treat early stage disease
and avoid progression to metastasis is of utmost importance,
and research focused on the efficacy of systemic therapies
in early stages of NSCLC may accelerate developments for
patients with metastatic disease.

For inoperable stage III NSCLC, concurrent or
sequential chemoradiation is the perennial standard of
care (43), but recurrence rates are high, and survival is
poor (44). Durvalumab (anti-PD-L1), as consolidation therapy
for patients without progression after chemoradiation,
demonstrated safety, and significantly improved PFS and
OS as compared to placebo (45-47). For patients for whom
surgery was the primary modality of local control, several
phase III clinical trials are ongoing (48-50), but the very
nature of adjuvant trials significantly prolongs the interval
towards conclusive results (7Table 1) (51). Results from
PACIFIC have been dramatic, and opened the question as
to whether operable stage III patients may in fact benefit
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more from concurrent chemoradiation followed by ICI
rather than to proceed with surgical resection. The next
wave of studies employing immunotherapy on the backbone
of concurrent chemoradiation are forthcoming (52-55).
These studies will set the stage to address larger questions
about the place of surgery in locally advanced disease.

Additional monoclonal antibodies acting through a
different pathway than the PD-1/PD-L1 and CTLA-4
axes have also been considered. Based on an initial study
showing that Canakinumab was associated with a dose-
dependent reduction in incidence and mortality from lung
cancer (56,57), recent randomized prospective studies have
considered it as a potential treatment option for NSCLC as
a single agent or in combination with ICI or chemotherapy
(58-61). This agent has a high affinity for interleukin-1-beta
(IL1B) which promotes angiogenesis, tumor invasion and
induced immunosuppression. While pre-clinical evidence
for efficacy of IL1B inhibition in cancer is sparse, the
product sponsor has employed it in the peri-adjuvant space
as an effort to confirm or disprove its biological efficacy for
NSCLC patients.

Neoadjuvant immunotherapy for operable NSCLC

The success of immunotherapy in the neoadjuvant setting
for several cancer types (24), such as breast cancer (62),
melanoma (63-68) and urological cancer (69), combined
with the overwhelming successes of ICI as an adjuvant
to chemoradiation for stage III NSCLC, contribute to a
strong rationale for pursuing neoadjuvant studies in lung
cancer. Numerous parallels can be drawn in the evolution
of oncology care in these disease sites such as how pre-
operative therapy could allow for greater preservation of
lung parenchyma and function similar to how the surgical
management of breast cancer over the last century has
evolved allowing for breast conserving surgery to become
the standard thanks to effective systemic therapy (70,71).
Surgery is still recognized as a cornerstone for cure in
NSCLC. Moreover, when complete resection is feasible,
surgery remains the ultimate form of local disease control.
As such, surgeons and oncologists alike have long felt a
sense of urgency to proceed to surgery when a patient
presents with operable disease. However, as far back as
the early 1990s, it was recognized that pre-operative
chemotherapy can dramatically improve survival for
patients with stage III NSCLC (72-74). In fact, in one of
the first reports exploring peri-operative chemotherapy for
stage III NSCLC, Roth er 4/. had to abort their study at
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interim analysis due to the extreme benefit of peri-operative
chemotherapy in their randomized trial design (72).
Shockingly, as recently as 2016, US data indicate
that only 5% of patients will be offered pre-operative
systemic therapy, with the majority either receiving
adjuvant treatment or nothing at all. This phenomenon
highlights physicians’ fears around the notion of missing
a window of opportunity for surgery if systemic therapy
is given beforehand or that the disease may progress to
an inoperable stage whilst on systemic therapy. It also
highlights the distaste that patients harbor for pursuing
adjuvant chemotherapy after surgical resection. Such fears
are understandable; however, even with chemotherapeutic
regimens from the late 80s and early 90s, progression on
treatment occurred in only 15% of patients. Arguably,
patients who progress on systemic therapy are unlikely to
benefit from the potential local control offered by surgery
and may in fact be significantly harmed by its inherent
morbidity. Our team is certainly of the opinion that little
is lost and in fact much is to be gained from pre-operative
therapy for patients with operable NSCLC. The data
presented below hopefully offer an even stronger argument
in the era of immunotherapy, while still recognizing some
of the limitations to the approach.

Despite complete resections, progression leading to
death occurs far too frequently (75). A systematic review
and meta-analysis of stage II to IIIB patients demonstrated
similar oncological benefit with neoadjuvant chemotherapy
compared to surgery, including a 13% reduction in relative
risk of death as well as an improved recurrence-free survival
(RFS) and OS for resectable NSCLC (15). Importantly,
adjuvant chemotherapy is widely accepted for this patient
population, though survival benefits are modest and many
patients are unfit for treatment after suffering the impacts
of surgery (16,17). In fact, results from a study by Brandt
et al. comparing outcomes after neoadjuvant or adjuvant
chemotherapy in NSCLC revealed that neoadjuvant
chemotherapy led to fewer grade 3 or greater toxicities
and to a higher likelihood of receiving full doses and cycles
of chemotherapy, suggesting a potential advantage of
neoadjuvant over adjuvant therapy (23).

Although adjuvant chemotherapy has been considered
the standard of care for many years, recent results from
ADAURA, a phase III double-blind randomized trial
evaluating the efficacy and safety of osimertinib (tyrosine
kinase inhibitor) compared to placebo in EGFR-positive
stage IB-IITA NSCLC following complete tumor resection
with or without adjuvant chemotherapy, have suggested
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Table 1 Select adjuvant immunotherapy trials for the treatment of resected NSCLC

Trl.a | identifier (e;tlmated Study name and sponsor Phase Intervention Estimated Stage Prlma.lry
primary completion) enrollment endpoints
NCT02486718 (Nov. IMpower010, Hoffman-La I} Atezolizumab vs. best 1,280 IB-IIIA (v7) DFS
2020) Roche (USA) supportive care

NCT02504372 (Aug. KEYNOTE-091/PEARLS, 1 Pembrolizumab vs. 1,080 IB-IIIA (v7) DFS
2021) Merck (USA) placebo

NCT02273375 (Jan. BR31, Canadian Cancer I} Atezolizumab vs. placebo 1,360 IB-1IA (v7) DFS
2023) Trials Group (Canada)

NCT02595944 (Jul. 2024) ANVIL, NCI (USA) 11l Nivolumab vs. observation 903 IB-IIIA (v7) DFS, OS

NSCLC, non-small cell lung cancer; DFS, disease-free survival; NCI, National Cancer Institute; OS, overall survival.

a strong benefit for adjuvant targeted therapy as well in
EGFR-positive NSCLC (76). In fact, an interim analysis of
683 patients revealed that osimertinib was safe and led to a
significantly higher 2-year disease-free survival (DFS) after
surgery and adjuvant chemotherapy (76).

Following the successes with anti-PD-1/anti-PD-L1
immunotherapy in improving survival for advanced and
metastatic NSCLC patients, a recent prospective phase
IT pilot trial by Forde et 4l., using two preoperative doses
of nivolumab in stage I to IIIA, evaluated the safety and
feasibility of neoadjuvant immunotherapy in resectable
NSCLC tumors. Twenty-one patients were enrolled, 20 of
which underwent complete resection of their lung cancer.
Neoadjuvant nivolumab was well-tolerated, associated
with few side effects, did not delay time to surgery and led
to 45% major pathological response (MPR) in resected
tumors, including 15% pathological complete response
(pCR) and 40% pathological downstaging. Side effects
included 23% treatment-related adverse events of any grade
(fever, gastrointestinal effects, infusion reaction, delirium
and dry skin), and one case of a grade 3 adverse event which
was a pneumonia requiring an uncomplicated surgery.
Although this study had a small number of patients and a
short follow-up period, it was the first study to show the
safety of neoadjuvant immunotherapy (77). Additionally,
MPR occurred in both high and low PD-L1 status (77),
which is different from previously published results with
metastatic NSCLC (33). Pre-treatment tumor mutational
burden (TMB) was not predictive of pathological response
to anti-PD-1 therapy though many patients had insufficient
pre-treatment tissue to assess I'MB (77). In comparison,
previous neoadjuvant chemotherapy trials for operable
NSCLC reported pCR rates between 0% and 16% (median:
4%) (51,72,74,78-82) and MPR rates between 20-25%
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(51,83,84).

Several other published phase II studies evaluated the use
of anti-PD-1, anti-PD-L1 and anti-CTLA-4 monotherapy
or combination immunotherapy as neoadjuvant treatment
for resectable NSCLC (Table 2 and Figure 1). The
NEOSTAR trial evaluated nivolumab versus combination
nivolumab/ipilimumab for stages I-IITA(N2), demonstrating
an appropriate safety profile with a 29% MPR rate for
combination therapy compared to 17% for monotherapy,
and 19% compared to 9% pCR rate, respectively. Surgical
complications included two bronchopleural fistulas
(nivolumab arm) and eight air leaks (five in the nivolumab
arm, three in the nivolumab-ipilimumab arm). Treatment-
related adverse events included one death due to a
bronchopleural fistula post-steroid-treated pneumonitis
(nivolumab arm), and four grade 3 adverse events including
pneumonia, hypoxia, hypermagnesemia (nivolumab arm)
and diarrhea (nivolumab-ipilimumab arm). At the time
of analysis, 44 patients were randomized, but 10 patients
did not undergo surgery after immunotherapy treatment
(23%). It is unclear why the rate of unresected patients was
so high, but this data point remains rather concerning and
worthy of close monitoring. Another interesting finding was
the induction of higher T cell proliferation and activation
compared to untreated tumors, and the association of
both radiological and pathologic anti-tumor activity with
higher pre-treatment PD-L1 levels. In the near future,
the NEOSTAR study will also be comparing nivolumab
with chemotherapy to nivolumab only (85). The LCMC3
trial, which studied atezolizumab for operable stages IB—
IIIB NSCLC, reported interim results with 90 patients
having completed the protocol. Due to previous evidence
indicating a lower efficacy of immunotherapy in patients
with EGFR or ALK mutated NSCLC (39), eight patients
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Table 2 Select neoadjuvant immunotherapy trials for the treatment of operable NSCLC
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Trial identifier (estimated Study name and ) Estimated Primary
) . Phase Intervention Stage )
primary completion) sponsor enrollment endpoints
Immunotherapy monotherapy
ChiCTR-OIC-17013726 National Cancer B Sintilimab (single arm) 30 IB-1IA Efficacy and
(~2019) Center, Beijing (China) squamous safety
NCT02818920 (Mar. TOP1501, Duke Il Pembrolizumab (single arm) 32 IB-1IA Surgical
2019) University (USA) feasibility rate
NCT02994576 (Dec. PRINCEPS, Gustave Il Atezolizumab (single arm) 60 IB-IIA Safety
2019) Roussy (France) (non-N2)
NCTO03197467 (Feb. NEOMUN, AIO-Studien- Il Pembrolizumab (single arm) 30 1-111A Safety, clinical
2020) gGmbH (Germany) and pathological
responses
NCT02927301 (Feb. LCMC3, Genentech Il Atezolizumab (single arm) 180 1B-IB MPR
2020) Inc. (USA)
NCTO03030131 (Dec. IONESCO, IFCT Il Durvalumab (single arm) 81 IB-1IB RO resection
2022) (France) feasibility
Combination immunotherapies
NCTO03794544 (Mar. NeoCOAST, Medlmmune 1] Durvalumab vs. durvalumab 160 I-11A MPR
2022) LLC (USA) + oleclumab or monalizumab
or danvatirsen (four arms)
NCT02259621 (Jan. SKCCC at JH (USA) Il Nivolumab vs. nivolumab + 30 High risk Safety
2023) ipilimumab IB-IIIA
Combination immunotherapy and chemotherapy
NCT02716038 (Apr. Columbia University (USA) Il Atezolizumab + 30 IB-1IA MPR
2020) chemotherapy (single arm)
NCT02998528 (Apr. CheckMate 816, 11l Nivolumab + ipilimumab vs. 350 IB-IIA EFS, pCR
2020) BMS (USA) nivolumab + chemotherapy
vs. chemotherapy alone
NCT03800134 (Jul. AEGEAN, 11l Durvalumab + 300 =] MPR
2020) AstraZeneca (USA) chemotherapy vs.
chemotherapy
NCT02572843 (Mar. Swiss Group for Clinical Il Durvalumab + 68 INA (N2) EFS
2021) Cancer Research chemotherapy (single arm)
(Switzerland)
NCT03081689 (Jun. NADIM, Spanish Lung Il Nivolumab + chemotherapy 46 1A (N2) PFS
2021) Cancer Group (Spain) (single-arm)
NCT03158129 (Jul. NEOSTAR, Il Nivolumab vs. nivolumab + 66 I-NIA MPR
2021) MDACC (USA) ipilimumab vs. nivolumab +
chemotherapy
NCT03366766 (Jul. SKCCC at JH (USA) Il Nivolumab + histology- 34 I-IA MPR
2021) specific chemotherapy
NCT03838159 (Mar. NADIM I, Fundacién Il Nivolumab + chemotherapy 90 INA-IIB pCR
2022) GECP (Spain) vs. chemotherapy (T3N2)
NCT03425643 (Jan. KEYNOTE-671, Merck i Pembrolizumab + 786 II-11IB (N2) EFS, OS
2024) (USA) chemotherapy vs. placebo +
chemotherapy
NCT03456063 (Mar. IMpower030, Hoffmann- 1] Atezolizumab + 374 II-1IB (T3N2) EFS, MPR

2025)

La Roche (USA)

chemotherapy vs. placebo +
chemotherapy

Table 2 (continued)
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Table 2 (continued)

Tng | identifier (egtlmated Study name and sponsor  Phase Intervention Estimated Stage Prlma_lry
primary completion) enrollment endpoints
Combination immunotherapy and radiotherapy
NCT02904954 (Jan. Weill Medical College of Il Durvalumab vs. durvalumab 60 I-IA DFS
2020) Cornell University (USA) + radiation (SBRT)
NCT03217071 (Sep. PembroX, UCSF (USA) Il Pembrolizumab vs. 40 -NIA Change in number
2020) pembrolizumab + of infiltrating
radiation (SRT) CD3+ T cells
NCTO03237377 (Sep. SKCCC at JH (USA) Il Durvalumab + radiation 32 1 Safety and
2021) vs. durvalumab + feasibility

tremelimab + radiation

NSCLC, non-small cell lung cancer; BMS, Bristol-Myers Squibb; DFS, disease-free survival; EFS, event-free survival; JH, Johns Hopkins;
MDACC, MD Anderson Cancer Centre; MPR, major pathological response; OS, overall survival; pCR, pathological complete response;
PFS, progression-free survival; SKCCC, Sidney Kimmel Comprehensive Cancer Center at Johns Hopkins; IFCT, Intergroupe Francophone
de Cancérologie Thoracique; SBRT, stereotactic body radiation therapy; UCSF, University of California at San Francisco.

@ 455 45;1) @ . B

National Cancer . NEOSTAR NEOSTAR
Center China LCMC3 Forde (SKCCC) | Shu (Columbia U.) NADIM (Arm A) (Arm B)
Treatment (cycles) | Sintilimab x2 | Atezolizumab x2 | Nivolumab x2 Atezpllzumab x4 plgs N|\{olumab x3 plug Nivolumab x3 leql_umab x3
paclitaxel/carboplatin | paclitaxel/carboplatin and ipilimumab x1
Patient enroliment 22 101 20 14 46 23 21
Stage IB-1IIA IB-1IIB 1-111A IB-1IIA 1A (N2) I-1I1A

Legend: SKCCC (Sidney Kimmel Comprehensive Cancer Center)
References: Li et al. (J Clin Oncol 2019), Rusch et al. (J Clin Oncol 2018), Kwiatkowski et al. (J Clin Oncol 2019), Forde et al. (N Engl J Med 2018), Shu et al. (J Clin
Oncol 2018), Provencio-Pulla et al. (J Clin Oncol 2018), Provencio-Pulla et al. (J Clin Oncol 2019), Cascone et al. (J Clin Oncol 2019)

Figure 1 Heterogeneity of pathological responses in published neoadjuvant trials for NSCLC (77,85-91). Various pCR and MPR rates
were published in recent neoadjuvant immunotherapy trials for operable NSCLC. The effect of the molecule itself and the technique used

for response assessment are two important factors that could explain this phenomenon. NSCLC, non-small cell lung cancer; MPR, major

pathological response; pCR, complete pathological response.

in LCMC3 were excluded from the analysis. While such
exclusion may be tempting, mutational testing limitations
in early stage disease are a reality that requires careful
attention moving forward. Nonetheless, the study showed
an overall 18% MPR rate, including 5% pCR. PD-LI
positive patients had higher rates of MPR, especially if the
tumor proportion score was over 50%. Atezolizumab was
also found to be safe and well-tolerated; two treatment-
unrelated deaths (cardiac-related death post-surgical
resection and death due to disease progression) and 6%
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treatment-related grade 3 and 4 adverse events (86,87). A
phase IB open-label trial studying the efficacy and safety
of sintilimab (anti-PD-1) for resectable stages IB to IIIA
squamous NSCLC in China achieved an MPR of 45.5%
including 18.2% pCR. Additionally, a decrease in positron-
emission tomography and computed tomography (PET-CT)
standard uptake values (SUVs) was found to be predictive of
pathological response (88). The NADIM trial was a phase
II combination neoadjuvant chemotherapy with nivolumab
followed by 1 year of adjuvant nivolumab for stage ITTA (N2
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disease or T4NO0) NSCLC, for which recently published
final results (46 enrolled patients, 41 surgeries performed)
showed an 86% MPR and an unprecedented 71% pCR
with downstaging seen in 93% of cases. Combination
chetomtherapy-nivolumab was a well-tolerated neoadjuvant
therapy: no surgery were delayed and none of the patients
withdrew due to progression or toxicity. The NADIM
trial was the first clinical study to explore combination of
chemotherapy and immunotherapy in early stage NSCLC
(89,90). The NADIM II trial will be a phase II randomized
trial comparing neoadjuvant chemo-immunotherapy
versus chemotherapy alone for locally advanced NSCLC
(NCT03838159). A phase II trial using combination
neoadjuvant atezolizumab and chemotherapy (carboplatin
and paclitaxel) followed by surgery (single arm) for stage
IB to IIIA tumors recently presented early results which
showed 50% MPR, including 21% pCR. MPR occurred in
both PD-L1 positive or negative patients (91).

Considerable data in recent years has shown the
efficacy of combined radiotherapy and immunotherapy
compared to monotherapy. Preclinical studies show
that PD-L1 expression can be upregulated on tumor
cells after radiotherapy and that PD-L1 can enhance
the cytotoxic effect of radiation, leading to a synergistic
anti-tumor activity between radiation effects and PD-
L1 inhibition (92,93). This finding led to a few phase 1I
clinical trials on the addition of ICI to radiation therapy.
The KEYNOTE-001 solid tumors’ trial revealed that
previous treatment with radiotherapy in patients with
advanced NSCLC resulted in longer PFS and OS with
immunotherapy than in patients who did not receive
radiotherapy treatments (94). Another study is evaluating
the efficacy of durvalumab combined to ablative
stereotactive radiotherapy compared to durvalumab alone.
Its preliminary results established a well-tolerated treatment
with durvalumab, and an MPR of 47% in the combined arm
compared to 0% with neoadjuvant ICI alone (95). Many
tumors are considered to have a non-immunogenic or “cold”
microenvironment for which immunotherapies may not
work, but the effects could be synergistically enhanced by
the use of chemotherapy, radiation or other combination
therapies (96). It remains to be determined if neoadjuvant
radio-immunotherapy creates intra- and post-operative
challenges for these patients and whether surgical resection
in this context has added value.

Although quite promising and encouraging, the results of
these published trials still show a significant heterogeneity
in clinical and pathological responses (see Figure 1). The
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effect of the molecule itself (anti-PD-1 vs. anti-PD-L1
vs. anti-CTLA-4), the dosing strategy and frequency of
treatments, as well as the technique used for response
assessment are all important factors that may contribute to
this phenomenon. In fact, although many studies have used
the model established by Hellmann ez 4/. with systematic
sampling of serial tumor sections with averaging to describe
MPR (51), there is no internationally accepted protocol
at this time in regards to pathological assessments. This
emphasizes the need for a standardized practice combining
available modalities to evaluate response to treatment,
specifically to immunotherapy, given the complex biology
of this modality and lack of long-term experience.

Ongoing trials of neoadjuvant immunotherapy in
lung and other cancers

Despite the uplifting results of published phase II trials, the
heterogeneity of these justify the establishment of larger-
sized phase II and III trials testing safety and efficacy of
various IClIs, either as single modalities or in combination
with chemotherapy or radiotherapy.

A few single-arm phase II studies (PRINCEPS
NCT02294576, NEOMUN and IoNESCO) are evaluating
the safety and feasibility of monotherapy atezolizumab,
pembrolizumab and durvalumab in resectable NSCLC.
Results are pending (97,98). The NeoCOAST trial (phase
IT) is studying durvalumab monotherapy compared to
its combination with novel agents acting on the immune
system meant to synergize with ICI (99). Moreover,
larger randomized phase III trials are evaluating response
and survival rates for combined immunotherapy and
chemotherapy compared to chemotherapy alone.
CheckMate 816 is assessing nivolumab and ipilimumab
compared to nivolumab only with chemotherapy or
chemotherapy alone for stages IB-IIIA NSCLC. This
study plans to enroll 624 patients with MPR as the primary
endpoint (100,101). IMpower030 is evaluating the survival
and pathological response of atezolizumab or placebo
in combination with chemotherapy, planning to enroll
374 patients (102). An ongoing phase II single-arm trial
is trialing neoadjuvant combination durvalumab with
chemotherapy for the treatment of stage IIIA(N2) NSCLC,
for which results, including event-free survival (EFS),
are pending (103). Furthermore, AEGEAN is a phase III
randomized trial also studying the addition of durvalumab
to chemotherapy, but comparing it to chemotherapy
alone. With a plan of enrolling 300 patients, the primary
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endpoint is MPR (104). Based on the CheckMate 012 trial,
which showed a greater radiologic objective response of
combination immunotherapy (nivolumab and ipilimumab)
compared to monotherapy (nivolumab alone) (105),
KEYNOTE-671 is an ongoing phase III randomized trial
using pembrolizumab with platinum-based chemotherapy
compared to placebo with chemotherapy for stages IIB
to IITA NSCLC, planning to enroll 786 patients (106).
Finally, in the neoadjuvant setting, the PembroX
study (NCT03217071) is comparing a combination of
pembrolizumab and radiation therapy to pembrolizumab
only for the treatment of resectable NSCLC. Another pilot
study is also looking at neoadjuvant immunoradiation with
durvalumab and tremelimumab in resectable stage IIIA
NSCLC (NCT03237377). The safety and efficacy data
resulting from these various studies could significantly add
to practice-changing guidelines. Details regarding these
ongoing trials can be found in Table 2.

Why neoadjuvant immunotherapy?

In favor of neoadjuvant immunotherapy, there exists a
body of preclinical data describing an increased efficacy as
compared to adjuvant treatment (107-109). One central
hypothesis is focused on leveraging the macroscopic tumor
as a substrate for the development of cytotoxic T-cell clones
with T-cell receptors that are specific to the patient’s tumor
neoantigens. Such T-cell clonotypes could be sustained
over time and provide durable control of disease (109-111).
It clearly remains to be determined if the presence of
macroscopic tumor is required to achieve this or if adjuvant
strategies can achieve a similar effect despite the pre-clinical
data to the contrary. Interestingly, a preclinical model
demonstrated that neoadjuvant immunotherapy (anti-PD-1)
led to more elevated and sustained tumor-specific CD8+
T-cell responses which persisted beyond surgery, a greater
overall therapeutic effect and improved survival (40% vs.
0%) compared to adjuvant therapy in a model of metastatic
triple-negative breast cancer. Various combinations of
ICIs were in fact tested in both neoadjuvant and adjuvant
contexts, and independent of types of immunotherapy
used, neoadjuvant treatment was found to be superior
to adjuvant treatment in treating micrometastases and
leading to higher rates of cure in these mice. Neoadjuvant
chemotherapy (paclitaxel) was also explored and did not
yield significant benefit over adjuvant chemotherapy (107).
Another preclinical mouse model study of pancreatic
ductal adenocarcinoma compared the effects of adding
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a neoadjuvant or an adjuvant anti-PD-1 to standard
chemotherapy treatment. Results showed that neoadjuvant
was superior to adjuvant immunotherapy in enhancing
chemotherapy’s effect to eradicate tumor recurrence
and leading to longer survival through increased T cell
activation (108). In early stage NSCLC, a murine study
revealed that a large proportion of tumor-infiltrating T-cells
expressed PD-1 and that tumor tissues had higher PD-L1
expression than normal lung tissue. Also, its results showed
that anti-PD-1 treatment controlled tumor growth, led to
improved survival and reprogrammed tumor-associated
lymphoid and myeloid cells. This study’s results therefore
suggest that the PD-1/PD-L1 axis is activated early in
NSCLC (112).

In the Forde et 4l. study, mutation-associated, neoantigen-
specific T-cell clones from the primary tumor were found
to expand to the peripheral blood at 2 and 4 weeks after
treatment (77). This is consistent with previous results in
advanced NSCLC which observed significant responses in
tumors with higher mutation-associated neoantigen load.
This phenomenon was explained by clonal T cell expansion
generating functional immune responses and therefore
leading to increased durable responses. On the other hand,
acquired resistance to immunotherapy would be associated
with a loss of mutations encoding for tumor-specific
neoantigens (through the elimination of tumor sub-clones
and the chromosomal loss of truncal alterations) and with
changes in T cell receptor clonality. This would explain the
idea that response and resistance to immunotherapies can be
comparable and similar within the same tumor types (113).
A recent trial for resectable NSCLC also suggested that
higher intratumoral T-cell receptor clonality was associated
with decreased residual tumor at surgery and a higher
MPR. This study further suggested that the exchange of
T-cell clones between the tumor and the peripheral blood
could represent a key correlate of pathologic response for
neoadjuvant immunotherapy (114). Another study also
suggested that T-cell responses appear to persist in the
peripheral blood years after treatment initiation (115),
adding to the argument for the efficacy of neoantigen
immunization as a result of neoadjuvant immunotherapy.

One of the major benefits of the neoadjuvant therapy
design as a platform for scientific discovery is the
expeditious nature of the experiment, providing results
on biological efficacy within a short period of time. With
advances in immuno-oncology bringing more tolerable
treatments carrying fewer side-effects, neoadjuvant therapy
trials could help bring more rapid advancements to the
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exploration, prehabilitation, nutrition optimization and scientific discovery. NSCLC, non-small cell lung cancer.

armamentarium of treatment strategies for stage IV disease.
Furthermore, the patient trajectory from screening and
diagnosis to post-operative course and potential cure is
inevitably influenced by numerous treatment modalities
and life-style choices adopted by the patient. Neoadjuvant
window therapy offers many opportunities for improvement,
including optimization of patient performance status via
exercise and tailored nutritional programs (116-118).
Psychological stress management strategies may also carry
significant benefits to facilitate the course of treatment and
perhaps even impact the efficacy of treatment (119-121).
Opportunities are vast for the personalization and rational
selection of optimal induction therapies, paired with these
allied health interventions to leverage immunophenotypic
and genomic data to achieve the best chance for cure with
optimal resulting quality of life (Figure 2).

Neoadjuvant immunotherapy: the controversies

Although the benefits of neoadjuvant immunotherapy are
accumulating, there remain important concerns, mainly
regarding the safety of this treatment modality. In fact, the
optimal timing of surgery after immunotherapy remains
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unclear. Concerns arise amongst surgeons regarding the
inflammatory consequences of immunotherapies resulting
in more hilar fibrosis which may be problematic at the time
of surgery, leading to more difficult dissections, longer
operative times, higher conversion rates from minimal
access techniques and higher complication rates. In regards
to adverse effects, pre-operative concerns include delay to
surgery, progression or pseudo-progression on therapy,
pneumonitis and impaired healing processes (122). A
recent post-hoc study described complications in 50% of
patients, without any serious ones noted. Despite a high
conversion rate of 54% from dissection difficulties, the
median operative time remained within range (123). These
results confirm those of previous smaller studies in early as
well as metastatic unresectable NSCLC (122,124). Some
studies have suggested the feasibility of a minimally invasive
approach with appropriate patient selection in resectable
NSCLC (125,126). In another small series of cases, it
was suggested that pulmonary resection was feasible after
ICI, but that mediastinal and hilar fibrosis could develop
and present potential challenges to resection (127). The
results of these few studies are promising, but much larger
trials are needed to validate the safety and efficacy of
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immunotherapies with regards to surgical planning. Indeed,
we need to determine how surgeon experience with such
treatment strategies impacts outcomes and whether these
approaches will be easily and safely deployed to the broader
community of thoracic surgeons and oncology teams.

To better compare the efficacy and safety of various
neoadjuvant immunotherapies and appropriately plan for
surgery, it is essential to develop standardized guidelines
to assess response and progression after treatment in
these patients. Clinical evaluations are usually done by
radiological imaging assessment (RECIST 1.1 for CT),
which assesses the anatomical tumor burden as a surrogate
for systemic therapy response (128). With PET scans, the
SUV of tumors has also been used for response assessment
in solid tumors, following revised imaging criteria,
PERCIST (129). In fact, the SUV change after multimodal
systemic treatments was described as a predictor for
survival (130). Opportunities for the application of radiomic
and artificial intelligence strategies to further illuminate
the meaning of radiological findings on the prediction of
complete response are emerging. Indeed, unsupervised
non-hierarchical machine learning strategies will become
essential to predicting the occurrence of MPR by
integrating all available tiers of data.

Pathological response, such as MPR and pCR, have been
used as primary and secondary endpoints in various studies
to assess neoadjuvant chemotherapy response (51) and more
recently, neoadjuvant immunotherapy response as well. In
the Forde ez 4l. study, although MPR was observed in 45%
of patients, only 10% of patients showed radiological partial
response to neoadjuvant nivolumab, while the majority
had stable disease on CT scan (77). How such findings will
impact our understanding of radiological assessments of
disease progression/stability/regression in advanced disease
remains to be determined. Another study evaluating CT
imaging after neoadjuvant therapy reported stable disease or
pseudo-progression, thought to be related to inflammation
and immune-cells infiltration into the tumor during the
early stages of immunotherapy treatment rather than tumor
growth (123). This could suggest an important discrepancy
between clinical and actual pathological responses with
immunotherapy. Moreover, the concept of immune flare
described by the NEOSTAR investigators is a radiological
progression seen in lymph nodes after preoperative
ICI requiring further pathological evaluation (85).
This therefore raises the debate surrounding the need and
value of invasive restaging of patients after completion
of neoadjuvant therapy. Indeed, even before the era of

© Translational Lung Cancer Research. All rights reserved.

immunotherapy, there was great variability within the
thoracic surgery community regarding the need for invasive
staging after completion of pre-operative therapy. Many
surgeons routinely reassess mediastinal nodes either by
mediastinoscopy or endobronchial ultrasound and will
only operate on patients with no evidence of residual N2
lymph node disease. Our team’s contention is that patients
ought to be resectable at presentation prior to receiving
such treatments at least as long as they are investigational in
nature. As such, unless new findings appear after induction
therapy such as suspicious contralateral lymph node disease
or lesions suspicious for extrathoracic metastasis, the value
of invasive staging is minimal. A careful analysis of large-
scale phase 3 studies of neoadjuvant immunotherapy
will hopefully shed light on the importance of these
controversial and resource intensive procedures.

As mentioned earlier, several techniques exist for
pathological assessment of post-neoadjuvant treated
patients. Pathologic features and criteria were first
developed to assess chemotherapy response and prognosis
after treatment (131). However, given the differences that
exist between the mechanism of action of chemotherapy and
immunotherapy, the pathological interpretation of findings
present new challenges. In the setting of immunotherapy,
several types of tumors were studied after anti-PD-L1
therapy. The investigators described common features
of immune-related pathologic response (irPR) such as
immune activation, cell death, tissue repair and regression
bed features. These were consistent across primary tumors,
lymph nodes and distant metastases (132). It is important
to note that because the regression bed can be close to, but
not necessarily part of the residual tumor at surgery, these
areas would therefore need to be specifically sought out and
resected for examination to comply with these criteria (133).
This type of scoring system will need validation with larger
studies and may present challenges for patients undergoing
sublobar resection. Nevertheless, there are promising
data for the creation of meaningful pathological response
assessment guidelines.

Although there was no absolute correlation between
pathologic response and PD-L1 status, the Forde ez 4/. trial
showed that PD-L1 might play a role in activating the anti-
tumor T-cells and thus eliminating micrometastases that
would otherwise lead to recurrence. It also highlighted
the higher frequency of T-cell clones shared between the
tumor environment and the peripheral blood in patients
with a MPR. This finding could therefore lead to a
potential marker for immune response (77). Validating this
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hypothesis, all patients who had a reduction in viable tumor
of 30% or more showed clearance of circulating tumor DNA
(ctDNA) from their blood prior to surgery, and patients
who had detectable ctDNA and residual disease at surgery
were found to have minimal T-cell expansion in their
peripheral blood. Analysis of ctDNA between responders
and non-responders in NSCLC treated with neoadjuvant
immunotherapy could also be a potential biomarker for
response and prognosis (134). In fact, studies described that
between 50-95% of patients with resectable (stages I to I1I)
lung cancers seem to have detectable ctDNA at the time of
diagnosis (135-137). Others also show presence of ctDNA
post-surgery in patients with resectable lung cancer (138),
and a few described ctDNA as a guide for residual disease,
response to treatment and risk of recurrence or metastasis
(135,137,139). A recent prospective study enrolled patients
with locally advanced rectal cancer planned for neoadjuvant
chemoradiotherapy (140). ctDNA was quantified in plasma
samples pre-treatment, post-treatment and post-surgery.
ctDNA was capable of stratifying patients into high or low
risk of recurrence groups, and thus could potentially help in
guiding adjuvant treatment (141). Therefore, more studies
exploring ctDNA response assessment during neoadjuvant
therapy in lung canner would be useful. Many studies have
focused on the assessment of anti-PD-1 and anti-PD-L1
effect on the tumor microenvironment, which involves the
elimination of suppressive tumors and the rejuvenation of
exhausted T cells (142). The TMB has been an emerging
area of interest in various types of cancers (143,144), using
whole exome sequencing and genomic profiling which could
subsequently predict response to treatment. Although the
Forde et al. study did not show a strong correlation between
PD-L1 status and MPR, it did reveal a higher TMB with
tumors achieving MPR compared to those who did not (77).
There exist many biomarkers, but to date, none have been
identified to be significantly reliable and predictive. Further
than predicting response to treatment, a liquid biopsy could
potentially predict prognosis, resistance to treatment and
risk of adverse effects (145).

With the emergence of combination therapies, including
the addition of radiation and/or systemic therapies to
surgery for resectable patients, measures taken to evaluate
adverse events in the context of systemic therapies become
primordial. In fact, the unpredictable impact of these
new combination therapies is a significant concern (140).
ICIs increase the system’s natural tumor killing response,
which can lead to immune-related adverse events involving
many organs such as the lung, the intestines, the skin and
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the endocrine system (140,146). These side effects are
usually benign or treatable, but can rarely lead to serious
or life-threatening events, prompting rapid recognition
and initiation of treatment by specialists in the field (147).
In fact, the incidence of grade 3 and 4 treatment-related
adverse events with ICI varies between 7% and 30%,
which is lower than with chemotherapy (148,149), but
higher with the use of combination therapies (148).
Although the frequency of adverse events seem to be
dependent on the type of immunotherapy, a recent meta-
analysis revealed similar incidences between anti-PD-1 and
anti-PD-L1 (150). The treatment of moderate to severe
toxicities usually involves ICI interruption or a short course
of corticosteroids (149). The most common adverse event
with ICI is immune-related thyroiditis, which can be
asymptomatic or can transition to hypothyroidism requiring
long-term supplementation. This evolution to long-term
effects also seem to be more rapid and more frequent with
combination therapies (151). Given variable and unclear
side effects from ICI and combination therapies, the results
of ongoing larger trials will be important to adequately
select patients and optimize cost-benefit.

The previously published trials discussed in this review
generally included all resectable NSCLC patients, without a
specific selection process or criteria, leading to preoperative
systemic treatment of all patients. Moving forward, the
results of ongoing large-size randomized trials will provide
more information in regards to selecting patients that will
benefit from these treatments. These ongoing trials will also
help answer many of the remaining issues and controversies
surrounding the topic. To be sure, these trials will certainly
also open many new questions to be addressed in the future.

Conclusions

Although surgery as a single modality remains the
standard of care for resectable and operable NSCLC
patients, immunotherapy’s broad successes over traditional
chemotherapy in locally advanced and metastatic lung cancer
has led to a shift in management for earlier stages, initiating
the investigation of immunotherapy in the neoadjuvant
setting aimed at better outcomes and lower recurrence
rates. Despite numerous published trials with encouraging
results, several questions remain unanswered. Many of these
surround the details of drug regimens (including choice
of molecule, number of doses and optimal combinations),
need for adjuvant therapy and optimal timing of surgery.
Additionally, issues concerning combination therapies,
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such as when to give (simultaneous versus sequential) and
which immunotherapy to give in patients who will also
receive radiation and KRAS inhibitors, are also emerging.
With the arrival of new therapeutic options, the criteria
for response and progression assessment as well as adverse
event evaluation will be essential. In fact, although MPR
has a great biological efficacy for evaluating survival in
resectable NSCLC, what will this mean for immunotherapy
response assessment and restaging? This will be specifically
important with combination therapies, such as radiation.
Given the discordance between both modalities seen in
some trials, will radiological and pathological assessments
be sufficient to differentiate between progression versus
pseudo-progression or immune flare? On the other hand,
will the development of liquid biopsies, using information
such as ctDNA assessments, be able to help us avoid
invasive re-staging and inform us further about the utility
of surgery if a pCR has occurred? At this time, there is no
right answer or standardized approach established, but the
ongoing phase III trials for neoadjuvant immunotherapy in
NSCLC will be critical in elucidating some of the ongoing
controversies and debates, as well as provide light to many
unanswered questions. How will these therapies impact
even earlier stages of NSCLC where systemic recurrence
remains far too common? Overall, the emerging data are
creating a paradigm shift in care strategies for early-stage
lung cancers—this wave of optimism will bring many new
discoveries and improved outcomes for our patients.
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