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Abstract
Advancements in immunotherapy in the perioperative setting have revolutionised the treatment of
resectable nonsmall cell lung cancer (NSCLC). Here we present the methodology and results of the clinical
trial CheckMate 816 demonstrating the benefit of neoadjuvant therapy with nivolumab plus chemotherapy
compared with chemotherapy alone. Furthermore, this article discusses the implications for future practice
in resectable NSCLC and the need for future research.

Introduction
Lung cancer is the leading cause of cancer mortality worldwide. The prognosis of nonsmall cell lung
cancer (NSCLC) largely depends on the stage of the disease at the time of diagnosis. Despite advances in
the early detection and treatment of lung cancer, early-stage lung cancer represents only a minority of
cases. Patients with locally advanced NSCLC are a heterogenous group with various tumour sizes, lymph
node involvement and contact with anatomical structures. Their management often requires multimodal
approaches. Among patients with resectable NSCLC, 30–55% of those who undergo surgery will have a
relapse of the disease or die due to lung cancer, with 5-year survival rates that can range from 68% for
stage IB to 36% for stage IIIA [1, 2]. Thus, despite surgical management, the risk of post-operative
recurrence remains high and represents a major challenge. Furthermore, current evidence demonstrates that
clinical, surgical, pathological and genetic factors confer higher risk for disease recurrence in resectable
NSCLC. Notably, age, smoking status, vessel and pleural visceral invasion, nodal involvement, histological
differentiation, tumour spread through air spaces, epidermal growth factor receptor (EGFR) mutation and
higher expression of CXC chemokine receptor 7 (CXCR7) are recognised risk factors associated with a
higher post-operative risk of recurrence in NSCLC [2–4].

Context: state of the art before the CheckMate 816 study
Perioperative platinum-based chemotherapy in patients with operable stage II or IIIA NSCLC has been
shown to improve survival. However, the benefit is modest, with a 5-year survival gain ∼5% in each
setting, but with a higher level of evidence for adjuvant than for neoadjuvant treatment [2, 5, 6].
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The 2017 European guidelines recommend platinum doublet chemotherapy whenever possible for stage IIB
or IIIA tumours (tumour, node, metastasis (TNM), eighth edition) and to consider it for stage IIA tumours
larger than 4 cm [7]. The 2021 guidelines from the American Society of Clinical Oncology (ASCO)
recommend neoadjuvant chemotherapy for stage IIIA (N2) NSCLC, if complete resection is possible and
perioperative mortality is estimated to be low (⩽5%); adjuvant platinum-based chemotherapy has to be
proposed for patients with resected stage IIIA NSCLC who did not receive neoadjuvant systemic therapy [8].

The neoadjuvant approach seems to be interesting, enabling the tumour chemosensitivity to be assessed
and disease stage reduced, while improving patient adherence to treatment. Table 1 provides a summary of
the guidelines from European Society for Medical Oncology (ESMO) and National Comprehensive Cancer
Network (NCCN), alongside the drugs approved by the US Food and Drug Administration (FDA) and the
European Medicines Agency (EMA) for resectable NSCLC [7, 9].

Immunotherapy has demonstrated its efficacy and has been approved alone or in combination with
chemotherapy in the first-line treatment of metastatic NSCLC [10–12]. In the light of these results, several
studies have focused on its neoadjuvant use in resectable NSCLC.

TABLE 1 Management of resectable of nonsmall cell lung cancer (NSCLC) according to NCCN and ESMO guidelines

Treatment modalities NCCN guidelines/FDA approvals ESMO guidelines/EMA approvals

Surgery Stage IA: Lobectomy preferred, segmentectomy and
wedge resection strongly advised for peripheral T1a,
bN0 tumours

Stage IA: Lobectomy preferred; segmentectomy or wedge
resection for specific patients

Stage IB–IIA: Minimally invasive anatomical resections
preferred; lobectomy preferred, segmentectomy or
wedge in patients with poor respiratory reserve or
comorbidities

Lung-sparing anatomic resection (sleeve lobectomy) is
preferred over pneumonectomy

Mediastinal lymph node dissection or sampling
recommended

Stage IB–IIA: Lobectomy preferred with systematic lymph
node dissection

Stage IIB–IIIA (N2): Multidisciplinary evaluation; consider
neoadjuvant therapy

Stage IIB–IIIA (N2): Multidisciplinary team assessment;
surgery typically after neoadjuvant therapy

Neoadjuvant therapy Nivolumab or pembrolizumab+ ChT for those patients
with tumours ⩾4 cm or node positive and no EGFR
mutation or ALK rearrangement

Nivolumab in combination with platinum-based ChT in
node positive or ⩾5 cm tumours with PD-L1 expression
⩾1% and no EGFR mutation or ALK rearrangement

Pembrolizumab in combination with platinum-containing
ChT in at high risk of recurrence adults with no EGFR
mutation or ALK rearrangement

Adjuvant therapy Stage IIA (T2b, N0): adjuvant ChT is recommended for
high-risk features (e.g. poorly differentiated, visceral
pleural and vascular invasion)

Stage IIA (T2b, N0): adjuvant ChT can be considered in
resected primary tumour >4 cm

Stage IIB–IIIA: adjuvant ChT is recommended Stage IIB–IIIA: adjuvant ChT is recommended
Adjuvant therapy

(immunotherapy
and TKI)

Alectinib is indicated for completely resected stage
II–IIIA or stage IIIB with ALK rearrangements

Alectinib is indicated as adjuvant treatment following
complete tumour resection for ALK-positive NSCLC at
high risk of recurrence

Osimertinib is indicated for the adjuvant treatment in
stages IB–IIIA and EGFR exon 19 deletions or exon
21 L858R mutations

Osimertinib is indicated for the adjuvant treatment in
stages IB–IIIA and EGFR exon 19 deletions or exon
21 L858R mutations

Atezolizumab is recommended in resected stage IIB–IIIA,
stage IIIB (T3, N2), or high-risk stage IIA NSCLC with
PD-L1 ⩾1% and negative for EGFR exon 19 deletion or
exon 21 L858R mutations or ALK rearrangements

Atezolizumab is indicated as adjuvant treatment following
complete resection and platinum-based ChT for NSCLC
with a high risk of recurrence and ⩾50% PD-L1
expression without EGFR mutation or ALK-positive
rearrangement

Pembrolizumab is indicated in resected stage IIB–IIIA,
stage IIIB (T3, N2), or high-risk stage IIA NSCLC and
negative for EGFR exon 19 deletion or exon 21 L858R
mutations or ALK rearrangements who received
previous adjuvant ChT

Pembrolizumab is indicated for the adjuvant treatment of
NSCLC at high risk of recurrence following complete
resection and platinum-based ChT

Stage according to TNM (tumour, node, metastasis) classification eighth edition. NCCN: National Comprehensive Cancer Network; ESMO: European
Society for Medical Oncology; FDA: US Food and Drug Administration; EMA: European Medicines Agency; ChT: chemotherapy: TKI: tyrosine kinase
inhibitor; EGFR: epidermal growth factor receptor; ALK: anaplastic lymphoma kinase; PD-L1: programmed death-ligand 1.
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The biological rationale is that neoadjuvant immunotherapy could enable early limitation of micrometastatic
invasion and has the advantage of using the tumour’s existing antigenic repertoire to educate a still-intact
immune system, including the lymphatic system [13]. The proof-of-concept work by FORDE et al. [14]
studied neoadjuvant nivolumab in 21 patients and observed a reduction in tumour residues on the surgical
specimen. The phase II trial NADIM II, comparing neoadjuvant nivolumab plus chemotherapy in resectable
stage IIIA NSCLC, showed promising results in terms of pathological complete response (pCR) rate and
progression-free survival, with a satisfactory safety profile [15].

Methods
The CheckMate 816 study is a landmark trial as it was the first phase III trial to demonstrate the benefit of
neoadjuvant immunotherapy combined with chemotherapy, in a resectable lung cancer population. It was
an industrial trial, sponsored by Bristol Myers Squibb. The results of the first pre-specified interim analysis
were published under the title “Neoadjuvant nivolumab plus chemotherapy in resectable lung cancer” in
April 2022 in the New England Journal of Medicine [16].

This international, randomised, open-label, phase III trial investigated the efficacy and safety of the
neoadjuvant combination of chemotherapy and nivolumab (three cycles) versus chemotherapy alone in
patients with resectable stage IB (⩾4 cm) to IIIA NSCLC (according to the staging criteria of the
American Joint Committee on Cancer, seventh edition). Patients with anaplastic lymphoma kinase (ALK)
translocation or EGFR mutations were excluded; however, their documentation was not mandatory, except
EGFR in Asia for patients with non-squamous histology.

Patients were randomly assigned in a 1:1 ratio to receive either neoadjuvant nivolumab (360 mg) plus
platinum-doublet chemotherapy, or neoadjuvant platinum-doublet chemotherapy alone, every 3 weeks for
three cycles. Surgery had to be performed within 6 weeks of completion of neoadjuvant therapy. Adjuvant
chemotherapy (up to four cycles) and/or radiotherapy could be given after surgery. It should be noted that
a third treatment arm receiving nivolumab plus ipilimumab was closed to enrolment early, based on
external trial data (the corresponding results were not presented within the publication).

The first primary endpoint was the blinded, independent central review assessment of event-free survival (EFS),
defined as the time from randomisation to any disease progression precluding surgery, disease progression or
recurrence after surgery, disease progression in the absence of surgery, or death from any cause. The second
primary endpoint was pathological complete response, defined on the surgical specimen as viable tumour cell
residue of 0% in the primary tumour and lymph nodes. The secondary endpoints were major pathological
response (⩽10% residual viable tumour cells), time to death or distant metastases, and overall survival.

Results
A total of 358 patients were included, 179 in the nivolumab plus chemotherapy arm and 179 in the
chemotherapy alone arm. The median age was 64 years, there was a majority of stage IIIA (∼63% in each
group). The neoadjuvant treatment was fully completed in 93.8% and 84.7% of the patients in the
nivolumab plus chemotherapy and in the chemotherapy alone arms, respectively; surgery was performed in
83.2% and 75.4% of the patients, respectively. The nivolumab plus chemotherapy arm led to shorter
duration of surgery and to more minimally invasive approaches (and there was no difference between
groups in the number of minimally invasive approaches or pneumonectomies).

Nivolumab plus chemotherapy showed an improvement in EFS, with a median EFS of 31.6 months (95%
CI 30.2–not reached) versus 20.8 months with chemotherapy alone (95% CI 14.0–26.7). Hazard ratio for
disease progression, disease recurrence or death was 0.63 (97.8% CI 0.43–0.91; p=0.005). At 2 years, the
percentage of surviving patients without disease progression or recurrence was 63.8% with nivolumab plus
chemotherapy, and 45.3% with chemotherapy alone. These results were confirmed in the different
subgroups, with a greater benefit for stage IIIA than for IB or II, and in patients with a tumour
programmed death-ligand 1 (PD-L1) expression level of ⩾1% than in those with a level of <1%.

Nivolumab plus chemotherapy also resulted in a significant increase in pathological complete responses:
24% (95% CI 18.0–31.0) versus 2.2% (95% CI 0.6–5.6) with chemotherapy alone. This benefit was
observed in all subgroups, including PD-L1 negative patients.

Interestingly, the combination of nivolumab and chemotherapy was no more toxic than chemotherapy
alone, with an incidence of grade 3 or 4 treatment-related side-effects of 33.5% and 36.9%, respectively.
These were mainly represented by neutropenia, leading to discontinuation of treatment in 10.2% and 9.7%,
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respectively, and delayed surgery in 3.4% and 5.1% of patients, respectively. The main results of
CheckMate 816 study are depicted in table 2.

Discussion
Perioperative immunotherapy: a new era
These results mark a turning point in the management of locally advanced NSCLC, as this was the first
phase III trial to demonstrate the benefit on EFS of pre-operative immunotherapy plus chemotherapy
compared with chemotherapy alone [16]. This benefit seems to be observed in the whole study population,
with a particular benefit for stage IIIA cancers, a population at high risk of recurrence, and for high PD-L1
levels. It is also important to underline that recent data have confirmed that perioperative treatment with
nivolumab plus chemotherapy is associated with a higher percentage of patients with a pCR and longer
survival, compared with chemotherapy alone [17]. Looking at an early stage of treatment, a neoadjuvant
strategy with nivolumab plus chemotherapy resulted in a higher percentage of patients eligible for surgery,
as compared with chemotherapy alone [18].

On the one hand, these results confirm the feasibility of the neoadjuvant association, with an acceptable
toxicity profile (although more than a third of patients had a grade 3 or higher treatment-related adverse
event and there were some permanent toxicities like endocrinopathies), and a relatively low number of
non-operated patients. 28 patients did not benefit from surgery in the nivolumab group, due to tumour
progression in 12, and 37 patients in the chemotherapy group, due to progression in 17 [16]. The results
are reassuring and neoadjuvant chemoimmunotherapy did not appear to lengthen operative time or increase
the risk of surgical complications. The neoadjuvant approach offers a number of advantages. Systemic
treatment is more likely to be administered than in the adjuvant setting, since surgical complications,
altered post-operative general condition or infection may be potential obstacles to treatment. The
neoadjuvant setting also allows surgery to be planned and time to accompany the patient in pre-operative
smoking cessation [17].

On the other hand, this trial demonstrated that neoadjuvant therapy with nivolumab plus chemotherapy
significantly improved pCR rates compared with chemotherapy alone. This indicates a higher efficacy in
eradicating cancer cells before surgery, which is crucial for achieving better long-term outcomes.
Importantly, the study found that this combination therapy did not compromise the feasibility of surgery,
with high rates of complete resection achieved.

In addition, the trial showed that the safety profile during surgery was acceptable, with no increase in
perioperative complications or mortality due to the addition of nivolumab. The intra-operative time were
comparable between both arms, indicating that the complexity and difficulty of the surgical procedures
were not adversely affected by the neoadjuvant treatment. Conversion rates to non-operable status were
low, meaning that most patients initially deemed operable remained eligible for surgery after the
neoadjuvant therapy. However, it has been observed that surgical resection of NSCLC after
immunotherapy could be technically challenging due to frequent hilar inflammation and fibrosis [19].
These conditions can complicate the surgical procedure, making it more demanding for the operating

TABLE 2 Summary of the main results from CheckMate 816

Nivolumab+chemotherapy Chemotherapy alone

Patients, n 179 179
Histological type
Squamous cell carcinoma 87 (48.6%) 95 (53.1%)
Non-squamous cell carcinoma 92 (51.4%) 84 (46.9%)

Surgery performed after neoadjuvant treatment 83.2% 75.4%
pCR 43 (24.0%) 4 (2.2%)
Median EFS 31.6 months 20.8 months
1-year EFS rate 76.1% 63.4%
2-year EFS rate 63.8% 45.3%
PD-L1 expression ⩾1%: pCR 32.6% 2.2%
PD-L1 expression <1%: pCR 16.7% 2.6%
Grade 3–4 adverse events 33.5% 36.9%

pCR: pathological complete response; EFS: event-free survival; PD-L1: programmed death-ligand 1.
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surgeons. Despite these challenges, the overall intra-operative outcomes from the CheckMate 816 trial
support the use of neoadjuvant nivolumab plus chemotherapy as a beneficial treatment strategy, improving
resection rates and maintaining surgical safety in resectable NSCLC patients.

There are several significant limitations to the CheckMate 816 trial. First, the control group did not reflect
the most common approach, which usually involves surgery followed by adjuvant chemotherapy.
Nevertheless, there was no evidence of a difference in overall and disease-free survival with the timing of
administration of chemotherapy before or after surgery [6]. At baseline patients’ characteristics were well
balanced between the two groups of treatment, including the disease stage. In each group, 176 patients
(98%) received neoadjuvant treatment; and among these patients, 39 patients (22%) received adjuvant
chemotherapy in the chemotherapy alone arm, and 21 patients (12%) in the nivolumab plus chemotherapy
arm. Despite this difference the EFS benefit with nivolumab plus chemotherapy was maintained after
adjustment for optional adjuvant therapy. Secondly, the changes to the trial protocol were not clearly
justified, in the original protocol patients were randomised 1:1 to nivolumab plus ipilimumab versus
chemotherapy alone. A third arm with nivolumab plus chemotherapy was added after enrolment began,
and a further protocol amendment led to discontinuation of randomisation in the nivolumab plus
ipilimumab arm on the basis of external data. A total of 113 patients were randomised to the neoadjuvant
nivolumab plus ipilimumab arm, and 34 patients were randomised to the chemotherapy arm in the initial
protocol. Those patients were not included in the primary analysis population. It must be noted, though,
that the patients were selected, as 773 patients were screened and only 505 randomised. Finally,
assessment of circulating tumour DNA (ctDNA) clearance was only performed on a subset of patients.
Additional translational research is required to comprehend the predictive significance of ctDNA clearance.

The use of perioperative chemoimmunotherapy requires a change in practice, particularly in the diagnostic
approach, since it implies a diagnosis and an accurate lymph node staging [18]. Accurate restaging of
mediastinal lymph nodes is essential for an appropriate selection of stage IIIA–IIIB (N2) NSCLC patients
for surgery after neoadjuvant therapy. Various methods are used for NSCLC staging, including imaging
techniques like chest computed tomography and positron emission tomography-computed tomography, and
invasive mediastinal staging with endoscopic procedures (endobronchial ultrasound/endoscopic ultrasound)
[20]. In the CheckMate 816 trial, suspicious lymph nodes (pathologically enlarged or avid for
fluorodeoxyglucose on positron emission tomography) at diagnosis required sampling for pathological
confirmation, and restaging was radiological. The residual multilevel metastatic nodes are associated with
lower survival rates and the decision to proceed for a surgery should be based in a reliable staging [20].
The most effective treatment for patient with multilevel N2 or borderline resectable disease remains to be
defined and prospective trials are currently ongoing [21]. Therefore, a multidisciplinary team will have to
define the best strategy to improve patients’ healthcare pathway [22].

A recent meta-analysis from eight randomised clinical trials in neoadjuvant immunochemotherapy showed
patients with stage III disease had better 2-year EFS than those with stage IB–II disease [23]. Although
immunotherapy plays crucial roles in the earlier stages with improved pathological responses and enhanced
surgical outcomes, the choice between neoadjuvant and adjuvant approaches depends on the individual patient
and tumour factors such as tumour size, lymphovascular invasion and other biomarkers such as ctDNA. Stage
IB NSCLC encompasses a heterogeneous group of patients with varying risks of recurrence. Identifying which
patients will benefit most from neoadjuvant therapy remains a challenge, and ongoing trials continue to refine
these strategies. In this trial, stage IB NSCLC patients, specifically those with tumours of ⩾4 cm, benefited
from the addition of nivolumab to the treatment regimen. However, there is a lack of data regarding patient
selection and the absolute benefit of adjuvant immunotherapy after neoadjuvant immunochemotherapy.

The fields of perioperative treatments have been constantly evolving in recent months. The IMPOWER-010
and PEARLS trials evaluated the adjuvant use of atezolizumab and pembrolizumab and observed a benefit in
overall survival with atezolizumab in patients with a PD-L1 level of ⩾50% [24–26]. Moreover, several trials
are evaluating the perioperative (pre- and post-operative) use of immunotherapy [27–30]. These trials show
significant improvements in pCR rates with the addition of immunotherapy to chemotherapy compared with
chemotherapy alone. The range of pCR improvements is generally between 20 and 30%, with some studies
like NADIM II reporting even higher rates [27, 29, 30]. Regarding survival, early results are promising across
the trials with significant improvements in EFS. Nevertheless, only the KEYNOTE-671 trial included overall
survival as one of the primary endpoints and demonstrated a significantly improved overall survival in the
pembrolizumab arm (HR 0.72 (5% CI 0.56–0.93); p=0.00517) [31].

Notably, patients with higher PD-L1 expression levels generally had greater benefit from neoadjuvant
immunotherapy combined with chemotherapy. However, significant improvements in clinical outcomes

https://doi.org/10.1183/20734735.0044-2024 5

BREATHE LANDMARK PAPERS IN RESPIRATORY MEDICINE | M. MAYENGA ET AL.



were observed even in patients with low or negative PD-L1 expression, underscoring the broad
applicability of these treatment regimens [15, 27–29]. These results suggest that while PD-L1 expression is
a useful biomarker for predicting response to neoadjuvant immunotherapy, it should not be the sole
criterion for patient selection. The consistent benefits across all PD-L1 subgroups highlight the potential
for widespread use of neoadjuvant immunotherapy in resectable NSCLC. Furthermore, the combination of
immunotherapy and chemotherapy resulted in manageable safety profiles across all trials. Immune-related
adverse events are more common in the combination groups, but these are generally manageable with
standard care [15, 27–29]. Nevertheless, the burden of immune-related adverse events in the context of
neoadjuvant immunotherapy necessitates careful monitoring and management strategies to mitigate their
impact on treatment adherence and patient outcomes. The occurrence of immune-related adverse events can
complicate surgical procedures due to hilar inflammation and fibrosis that often makes surgical resection of
NSCLC technically challenging [32].

In addition, many questions remain unanswered, such as the specific populations of EGFR- and
ALK-mutated patients, the assessment of resectability and the definitive place of circulating biomarkers.
For this reason, the appropriate therapeutic sequence remains to be defined in the heterogeneous population
of locally advanced NSCLC.

Future perspectives for clinical practice and research
It is important to emphasise that this study focused on the pivotal concept of pathological response,
making it one of its primary outcomes. This known prognostic parameter, highlighted in the study by
FORDE et al. [14], is one of the most important benefits of the addition of immunotherapy in the
neoadjuvant setting, when pCR is exceptional after chemotherapy alone. This trial is pioneering in
prospectively demonstrating the predictive effect of the pCR on patients’ prognosis. Pathologists will need
to learn how to determine this new tool, to follow the guidelines of its analysis, and clinicians will need to
better understand its interpretation in order to define the best subsequent management of the disease [33].
The choice of therapeutic approach must take into account precise staging, patient and tumour
characteristics; further studies are now needed to personalise perioperative therapy, in particular regarding
tumour characteristics and response to neoadjuvant chemoimmunotherapy.
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