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Abstract

BACKGROUND—Neoadjuvant or adjuvant chemotherapy confers a modest benefit over surgery
alone for resectable non—small-cell lung cancer (NSCLC). In early-phase trials, nivolumab-based
neoadjuvant regimens have shown promising clinical activity; however, data from phase 3 trials
are needed to confirm these findings.

METHODS—In this open-label, phase 3 trial, we randomly assigned patients with stage 1B

to I11A resectable NSCLC to receive nivolumab plus platinum-based chemotherapy or platinum-
based chemotherapy alone, followed by resection. The primary end points were event-free survival
and pathological complete response (0% viable tumor in resected lung and lymph nodes), both
evaluated by blinded independent review. Overall survival was a key secondary end point. Safety
was assessed in all treated patients.

RESULTS—The median event-free survival was 31.6 months (95% confidence interval [Cl],
30.2 to not reached) with nivolumab plus chemotherapy and 20.8 months (95% ClI, 14.0 to 26.7)
with chemotherapy alone (hazard ratio for disease progression, disease recurrence, or death, 0.63;
97.38% Cl, 0.43 to 0.91; P=0.005). The percentage of patients with a pathological complete
response was 24.0% (95% ClI, 18.0 to 31.0) and 2.2% (95% ClI, 0.6 to 5.6), respectively

(odds ratio, 13.94; 99% CI, 3.49 to 55.75; P<0.001). Results for event-free survival and
pathological complete response across most subgroups favored nivolumab plus chemotherapy over
chemotherapy alone. At the first prespecified interim analysis, the hazard ratio for death was 0.57
(99.67% Cl, 0.30 to 1.07) and did not meet the criterion for significance. Of the patients who
underwent randomization, 83.2% of those in the nivolumab-plus-chemotherapy group and 75.4%
of those in the chemotherapy-alone group underwent surgery. Grade 3 or 4 treatment-related
adverse events occurred in 33.5% of the patients in the nivolumab-plus-chemotherapy group and
in 36.9% of those in the chemotherapy-alone group.

CONCLUSIONS—In patients with resectable NSCLC, neoadjuvant nivolumab plus
chemotherapy resulted in significantly longer event-free survival and a higher percentage of
patients with a pathological complete response than chemotherapy alone. The addition of
nivolumab to neoadjuvant chemotherapy did not increase the incidence of adverse events

or impede the feasibility of surgery. (Funded by Bristol Myers Squibb; CheckMate 816
ClinicalTrials.gov number, NCT02998528.)

APPROXIMATELY 20 TO 25% OF PATIENTS WhO receive a diagnosis of non—small-cell lung cancer
(NSCLC) have resectable diseasel; however, 30 to 55% of patients who undergo curative
surgery have recurrence and ultimately die of their disease.?3 Neoadjuvant chemotherapy
can be used for the treatment of patients whose disease is at stages that warrant

adjuvant chemotherapy (see the National Comprehensive Cancer Network Clinical Practice
Guidelines in Oncology?; full citation provided in the Supplementary Appendix, available
with the full text of this article at NEJM.org). However, the absolute difference in 5-year
recurrence-free survival and overall survival with neoadjuvant chemotherapy as compared
with surgery alone is only 5 to 6 percentage points.> Moreover, few patients have a
pathological complete response (median, 4%; range, 0 to 16), a potential early predictor of
survival.®7 Although recent advances have been made with adjuvant therapies for resectable
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NSCLC,89 effective systemic treatments continue to be needed for nonmetastatic disease
across perioperative contexts.

Nivolumab, a fully human anti—-programmed death 1 (PD-1) antibody, restores the function
of existing antitumor T cells, and chemotherapy enhances antitumor immunity through
direct or indirect immune-system activation.10-11 Nivolumab-based regimens have shown

a survival benefit in patients with metastatic NSCLC.12-14 |n the neoadjuvant context,
immunotherapy provides an early opportunity to treat micrometastatic disease and enhances
the immune response when bulk tumor and tumor antigens are still present during the
treatment.1518 |n phase 2 studies of resectable NSCLC, neoadjuvant nivolumab alone or
with chemotherapy showed promise with respect to pathological complete response, survival
outcomes, and safety profiles.17-19 Among patients with resectable stage 111A NSCLC who
received neoadjuvant nivolumab and chemotherapy, 3-year overall survival and progression-
free survival were 81.9% and 69.6%, respectively.20 In addition, patients with a pathological
complete response had significantly longer overall and progression-free survival than those
who had an incomplete or major pathological response.18 Here, we report the results of
CheckMate 816, a phase 3 trial to evaluate the efficacy and safety of neoadjuvant nivolumab
plus chemotherapy (three cycles) as compared with chemotherapy alone (three cycles) in
patients with resectable NSCLC.

METHODS

PATIENTS

We enrolled adults with resectable stage IB (=4 cm) to 111A NSCLC (according to the
staging criteria of the American Joint Committee on Cancer, 7th edition), an Eastern
Cooperative Oncology Group performance-status score of 0 or 1 (on a 5-point scale in
which higher scores reflect greater disability), and no previous anti-cancer therapy. Patients
had to have measurable disease according to the Response Evaluation Criteria in Solid
Tumors, version 1.1, and pre-treatment tumor tissue available to assess the expression of
programmed death ligand 1 (PD-L1). Patients with known ALK translocations or EGFR
mutations were excluded. Additional eligibility criteria are provided in the Methods section
in the Supplementary Appendix.

TRIAL DESIGN AND TREATMENT

In this international, open-label, phase 3 trial (Fig. S1 in the Supplementary Appendix),
patients were randomly assigned in a 1:1 ratio to receive nivolumab (360 mg) plus platinum-
doublet chemotherapy or platinum-doublet chemotherapy alone (every 3 weeks for three
cycles) before undergoing definitive surgery. A third group that received nivolumab (3 mg
per kilogram of body weight every 2 weeks for three cycles) plus ipilimumab (1 mg per
kilogram, cycle 1 only) closed enrollment early on the basis of external trial data reported
during the trial.18:19.21 Surgery was planned to occur within 6 weeks after the completion of
neoadjuvant treatment, after which patients in both groups could receive up to four cycles

of adjuvant chemotherapy, radiotherapy, or both. Additional information is provided in the
Methods section in the Supplementary Appendix.
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END POINTS AND ASSESSMENTS

There were two primary end points. One primary end point was event-free survival
according to blinded independent central review. Event-free survival was defined as the
time from randomization to any progression of disease precluding surgery, progression or
recurrence of disease after surgery, progression of disease in the absence of surgery, or death
from any cause; data on patients with subsequent therapy were censored at the last tumor
assessment that could be evaluated on or before the date of subsequent therapy. Event-free
survival was also analyzed with the use of a secondary definition, which is provided in

the Methods section in the Supplementary Appendix. The other primary end point was
pathological complete response (0% residual viable tumor cells in the primary tumor and
sampled lymph nodes) according to blinded independent pathological review.

Secondary end points included major pathological response (<10% residual viable tumor
cells in the primary tumor and sampled lymph nodes), time to death or distant metastases,
and overall survival. Event-free survival 2 (different from the secondary definition of
event-free survival mentioned above) was an exploratory end point and was defined

as the time from randomization to objectively documented progression, according to
investigator assessment, after the next line of therapy or to death from any cause, whichever
occurred first; patients without documented progression during the next line who started

a second next line of subsequent therapy were considered to have had an event at the

start of the second next line of therapy. Adverse events were assessed in all the treated
patients. PD-L1 expression, tumor mutational burden, and pathological response were
determined as described previously.22-24 Analyses of circulating tumor DNA (ctDNA) were
performed with the use of a tumor-guided personalized ctDNA panel for whole-exome
sequencing (ArcherDX Personalized Cancer Monitoring). Clearance of ctDNA was defined
as presurgery change from detectable levels of ctDNA before cycle 1 to undetectable
ctDNA before cycle 3. Additional details on end points and assessments are provided in

the Methods section in the Supplementary Appendix.

TRIAL OVERSIGHT

The sponsor (Bristol Myers Squibb) and a steering committee designed the trial and
analyzed the data with participation from all the authors. Data were gathered locally by

the CheckMate 816 investigators. All the authors attest that the trial was conducted in
accordance with the protocol (available at NEJM.org) and vouch for the accuracy and
completeness of the data. As part of the site agreement, investigators agreed to keep all
aspects and outcomes of the trial confidential. The trial was conducted according to the
principles of the Declaration of Helsinki and the International Council for Harmonisation
Good Clinical Practice guidelines. Independent ethics committees or institutional review
boards at each participating center approved the protocol. Patients provided written informed
consent. An independent data and safety monitoring committee monitored efficacy and
safety. The manuscript was developed with medical writing support funded by the sponsor.
The sponsor and all the authors made the decision to submit the manuscript for publication.
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STATISTICAL ANALYSIS

We planned for approximately 350 patients to undergo randomization to receive nivolumab
plus chemotherapy or chemotherapy alone, as determined on the basis of the primary

end points of event-free survival and pathological complete response with type | error
allocation (two-sided) of 0.04 and 0.01, respectively. The analysis of pathological complete
response was to be performed after all the patients had an opportunity for surgery. This
sample size was estimated to provide more than 90% power to detect an odds ratio of
3.857 with a two-sided alpha level of 0.01, under the assumption that 10% of the patients
in the chemotherapy-alone group would have a pathological complete response. If the
between-group difference in pathological complete response was significant, a comparison
of event-free survival between the two groups was to be performed with a two-sided alpha
level of 0.05. We estimated that approximately 185 events of disease progression, disease
recurrence, or death would provide the trial with 82% power assuming a hazard ratio of
0.65 and a two-sided type | error of 0.05, with interim analyses performed when 80% and
90% of the total planned events had occurred. If the between-group difference in event-free
survival was significant, overall survival was to be tested hierarchically. The significance
boundaries (0.0262 for event-free survival and 0.0033 for overall survival at the first interim
analysis) were adjusted with the use of a Lan-DeMets alpha-spending function with an
O’Brien-Fleming type of boundary that accounted for the actual number of events.

Efficacy analyses included all the patients concurrently assigned to receive nivolumab

plus chemotherapy or chemotherapy alone. Pathological complete response was compared
between treatment groups with the use of a stratified Cochran—Mantel-Haenszel test.
Patients who did not undergo surgery or who had no tissue sample that could be evaluated
were counted as not having had a response for the primary analysis. Event-free and overall
survival were compared between treatment groups with a stratified log-rank test. Confidence
intervals for end points that were not part of the hypothesis testing were not adjusted for
multiplicity and should be interpreted descriptively. This report is based on prespecified
interim analysis 1 of event-free and overall survival (database lock, October 20, 2021;
minimum follow-up, 21 months; median follow-up, 29.5 months) and the final analysis of
pathological complete response (database lock, September 16, 2020). Additional details are
provided in the Methods section in the Supplementary Appendix.

RESULTS

PATIENTS AND TREATMENTS

From March 2017 through November 2019, a total of 773 patients were enrolled, 505
underwent randomization, and 358 were concurrently assigned to receive neoadjuvant
nivolumab plus chemotherapy (179 patients) or chemotherapy alone (179 patients); 176
patients in each group received treatment (Fig. S2). The demographic characteristics of
the patients were generally representative of the broader population affected by lung
cancer (Table S1). Baseline characteristics were well balanced between the two treatment
groups (Table 1). All the patients were no longer receiving treatment at the time of the
database locks; 93.8% (in the nivolumab-plus-chemotherapy group) and 84.7% (in the
chemotherapy-alone group) had fully completed the prespecified neoadjuvant treatment.

N Engl J Med. Author manuscript; available in PMC 2023 January 17.
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Adjuvant chemotherapy was received by 11.9% of the patients in the nivolumab-plus-
chemotherapy group and 22.2% of those in the chemotherapy-alone group (Table S2); the
exposure summary is provided in Table S3. Any subsequent cancer therapy was received by
21.2% of the patients in the nivolumab-plus-chemotherapy group and 43.6% of those in the
chemotherapy-alone group; subsequent systemic therapy was received by 17.3% and 36.3%,
respectively (Table S4).

SURGERY SUMMARY

EFFICACY

Among all the patients who underwent concurrent randomization, 83.2% in the nivolumab-
plus-chemotherapy group and 75.4% in the chemotherapy-alone group underwent definitive
surgery (Table S5). Surgery was cancelled for 15.6% and 20.7% of the patients, respectively;
reasons for cancellation included disease progression (6.7% and 9.5%, respectively),
adverse events (1.1% and 0.6%), and other (7.8% and 10.6% [including patient refusal,
unresectability, and poor lung function]). The percentage of patients with delayed surgery
was similar in the two treatment groups. The median duration of surgery was numerically
shorter, the use of minimally invasive approaches was more common, and pneumonectomies
were less common in the nivolumab-plus-chemotherapy group than in the chemotherapy-
alone group, and these differences were more pronounced in patients with stage 1A
disease. RO resection (no residual tumor) was performed in 83.2% of the patients in the
nivolumab-plus-chemotherapy group and 77.8% of those in the chemotherapy-alone group
(Tables S5, S6, and S7).

With a minimum follow-up of 21 months, the median event-free survival was 31.6 months
(95% confidence interval [CI], 30.2 to not reached) with nivolumab plus chemotherapy and
20.8 months (95% ClI, 14.0 to 26.7) with chemotherapy alone (hazard ratio for disease
progression, disease recurrence, or death, 0.63; 97.38% CI, 0.43 to 0.91; P=0.005). At 1
year, the estimated percentage of patients surviving without disease progression or disease
recurrence was 76.1% with nivolumab plus chemotherapy and 63.4% with chemotherapy
alone; at 2 years, the corresponding values were 63.8% and 45.3% (Fig. 1A). The event-
free survival benefit with nivolumab plus chemotherapy was maintained after adjustment
for optional adjuvant therapy (hazard ratio for disease progression, disease recurrence, or
death, 0.65; 95% CI, 0.47 to 0.90). A consistent event-free survival benefit was seen with
nivolumab plus chemotherapy when event-free survival was assessed with the use of the
secondary definition provided in the Methods section in the Supplementary Appendix (Fig.
S3). Event-free survival across most key subgroups favored nivolumab plus chemotherapy
(Fig. 1B). However, the magnitude of benefit was greater in patients with stage I11A disease
than in those with stage IB or Il disease (although a lower proportion of events had been
observed in the latter subgroup) (Fig. S4), in patients with a tumor PD-L1 expression level
of 1% or more than in those with a level of less than 1% (Fig. S5), and in patients with a
nonsquamous histologic type than in those with a squamous histologic type (Fig. S6).

Among all the patients in the primary analysis population regardless of resection, the
percentage with a pathological complete response was 24.0% (95% Cl, 18.0 to 31.0) with
nivolumab plus chemotherapy and 2.2% (95% ClI, 0.6 to 5.6) with chemotherapy alone

N Engl J Med. Author manuscript; available in PMC 2023 January 17.
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(odds ratio, 13.94; 99% ClI, 3.49 to 55.75; P<0.001) (Fig. 2A). A benefit with nivolumab
plus chemotherapy with respect to pathological complete response was observed across all
key subgroups, including those based on disease stage, tumor PD-L1 expression level, and
histologic type (Fig. 2B). The percentage of patients with a major pathological response
was higher with nivolumab plus chemotherapy than with chemotherapy alone both in the
primary analysis population (36.9% vs. 8.9%; odds ratio, 5.70; 95% CI, 3.16 to 10.26)

and across key subgroups (Fig. S7). Higher incidences of pathological complete response
and major pathological response were seen with nivolumab plus chemotherapy than with
chemotherapy alone among patients who underwent resection and among those with lymph-
node involvement on imaging at baseline as well as when response was assessed in the
primary tumor only (Tables S8 and S9). The depth of pathological regression in the primary
tumor was greater with nivolumab plus chemotherapy (Fig. S8) regardless of baseline
disease stage (Fig. S9). Incidences of response according to blinded independent central
review were higher with nivolumab plus chemotherapy than with chemotherapy alone (Table
S10); the incidence of radiographic downstaging (reduction of disease stage from baseline)
was 30.7% and 23.5%, respectively (Table S11).

Median overall survival was not reached in either the nivolumab-plus-chemotherapy group
or the chemotherapy-alone group (hazard ratio for death, 0.57; 99.67% CI, 0.30 to 1.07; P

= 0.008) (Fig. 3). At this first prespecified interim analysis, the P value for overall survival
did not cross the boundary for statistical significance (0.0033). The results for both time to
death or distant metastases and event-free survival 2 favored nivolumab plus chemotherapy
over chemotherapy alone; the hazard ratio for death or distant metastases was 0.53 (95% ClI,
0.36 to 0.77), and the hazard ratio for disease recurrence, disease progression after the next
line of therapy, or death was 0.54 (95% CI, 0.37 to 0.80) (Figs. S10 and S11).

In an exploratory analysis, event-free survival appeared to be longer in patients with a
pathological complete response than in those without a pathological complete response.
Among patients with a pathological complete response, median event-free survival was not
reached in either treatment group. In patients without a pathological complete response, the
median event-free survival was 26.6 months with nivolumab plus chemotherapy and 18.4
months with chemotherapy alone (hazard ratio for disease progression, disease recurrence,
or death, 0.84; 95% Cl, 0.61 to 1.17) (Fig. S12).

ANALYSIS OF CTDNA

The level of ctDNA could be evaluated in 89 patients (Table S12). The percentage of
patients with ctDNA clearance was higher with nivolumab plus chemotherapy (56%; 95%
Cl, 40 to 71) than with chemotherapy alone (35%; 95% CI, 21 to 51). Event-free survival
appeared longer in patients with ctDNA clearance than in those without ctDNA clearance in
both the nivolumab-plus-chemotherapy group (hazard ratio for disease progression, disease
recurrence, or death, 0.60; 95% CI, 0.20 to 1.82) and the chemotherapy-alone group
(hazard ratio, 0.63; 95% CI, 0.20 to 2.01) (Fig. S13A). The percentage of patients with a
pathological complete response was higher among those with ctDNA clearance than among
those without ctDNA clearance in both treatment groups (Fig. S13B).

N Engl J Med. Author manuscript; available in PMC 2023 January 17.
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SAFETY AND SURGICAL COMPLICATIONS

Adverse events of any cause occurred in 92.6% of the patients in the nivolumab-plus-
chemotherapy group and in 97.2% of those in the chemotherapy-alone group. The incidence
of grade 3 or 4 treatment-related adverse events was 33.5% and 36.9% in the respective
groups (Table 2). The most common grade 3 or 4 treatment-related adverse events were
neutropenia (8.5% with nivolumab plus chemotherapy and 11.9% with chemotherapy alone)
and decreased neutrophil count (7.4% and 10.8%, respectively) (Table S13). Treatment-
related adverse events of any grade leading to discontinuation of treatment occurred in
10.2% of the patients in the nivolumab-plus-chemotherapy group and in 9.7% of those

in the chemotherapy-alone group (Table 2). Overall, the incidence of immune-mediated
adverse events was low, and events were mainly of grade 1 or 2. The most common
immune-mediated adverse event of any grade with nivolumab plus chemotherapy was rash
(in 8.5% of the patients); two patients (1.1%) had grade 1 or 2 pneumonitis (Table S14).
Three treatment-related deaths were noted, all in the chemotherapy-alone group (Table 2).
Data on fatal adverse events precluding surgery and deaths within 90 days after surgery are
shown in Table S15.

Adverse events of any grade led to delayed surgery in 3.4% of the patients receiving
nivolumab plus chemotherapy and in 5.1% of those receiving chemotherapy alone and

led to cancellations in 1.1% and 0.6%, respectively (Table S16). Adverse events of any
grade that were identified as surgical complications occurred in 41.6% of the patients in
the nivolumab-plus-chemotherapy group and in 46.7% of those in the chemotherapy-alone
group; grade 3 or 4 surgery-related adverse events occurred in 11.4% and 14.8% of the
patients in the respective groups (Table 2). Grade 5 surgery-related adverse events were
reported in two patients treated with nivolumab plus chemotherapy and were deemed to be
unrelated to the trial drugs by the investigator (one each due to pulmonary embolism and
aortic rupture) (Table 2).

DISCUSSION

In patients with resectable NSCLC, neoadjuvant nivolumab plus chemotherapy resulted in
significantly longer event-free survival than chemotherapy alone (hazard ratio for disease
progression, disease recurrence, or death, 0.63) as well as a higher percentage of patients
with a pathological complete response (24.0% vs. 2.2%). Other key outcomes, including
overall survival, time to death or distant metastases, major pathological response, event-free
survival 2, objective response, and radiographic downstaging, also favored nivolumab plus
chemotherapy. An exploratory analysis involving a subgroup of patients suggested that
ctDNA clearance before surgery was more common among patients receiving nivolumab
plus chemotherapy than among those receiving chemotherapy alone. Treatment with
nivolumab plus chemotherapy did not result in a higher incidence or greater severity

of adverse events than chemotherapy alone; safety was consistent with that in previous
reports.18:25.26 The addition of nivolumab to neoadjuvant chemotherapy did not increase
surgery-related adverse events or impede the feasibility of surgery.

Better clinical outcomes with nivolumab plus chemotherapy than with chemotherapy alone
were observed in most subgroups; greater benefit was seen in patients with stage I11A

N Engl J Med. Author manuscript; available in PMC 2023 January 17.
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disease than in those with stage IB or Il disease. Nearly two thirds of the patients in our
trial had stage I11A disease, representing a population with poor prognosis. Previous reports
have shown greater clinical benefits of perioperative systemic therapy in patients with stage
111 disease than in those with stage | or 1 resectable NSCLC.27 Longer follow-up may be
needed to capture the clinical benefits of neoadjuvant therapy in patients at early disease
stages who have a more favorable prognosis. A benefit with nivolumab plus chemotherapy
was seen across PD-L1 subgroups, with a greater event-free survival benefit in patients with
a tumor PD-L1 expression level of 1% or more than in those with a level of less than 1%. In
addition, a greater event-free survival benefit was seen in patients receiving carboplatin than
in those receiving cisplatin. It is important to note that in these exploratory analyses, several
subgroups were small, and therefore the analyses were not adequately statistically powered.
Furthermore, the first interim analysis of overall survival showed a potential trend in favor
of nivolumab plus chemotherapy as compared with chemotherapy alone (hazard ratio, 0.57).
Continued follow-up is required for data on overall survival to mature.

Pathological response has shown patient-level association with survival in various cancers,
including NSCLC.6:28-30 Trjal-level association of pathological complete response with
survival among patients with NSCLC has not been shown prospectively to date, possibly
because of the rarity of pathological complete response with neoadjuvant chemotherapy and
heterogeneous assessment methods. In addition to the increased likelihood of pathological
complete response with neoadjuvant nivolumab plus chemotherapy, a robust link of
pathological complete response with event-free survival was seen in our trial and may have
contributed to the significant event-free survival benefit. This strong association between
pathological complete response and clinical benefit is particularly notable and suggests

that pathological complete response shows promise as an early indicator of therapeutic
efficacy in resectable NSCLC. The association of pathological response with survival benefit
requires further evaluation across ongoing trials of neoadjuvant therapy involving patients
with NSCLC. Consistent assessment of pathological response is also warranted.24:31-33

Overall, surgical outcomes were favorable with nivolumab plus chemotherapy as compared
with chemotherapy alone, with numerically shorter durations of surgery, fewer surgery
cancellations (including for disease progression), and fewer cases of pneumonectomy, a type
of surgery with a typically poorer prognosis.3* Greater use of minimally invasive surgery,

a surgical approach shown to improve recovery of physical function and reduce serious
adverse events, was observed in the nivolumab-plus-chemotherapy group.3® Although the
mechanisms are yet to be identified, the greater depth of pathological regression and

higher incidences of response and radiographic downstaging observed in the nivolumab-
plus-chemotherapy group than in the chemotherapy-alone group may have contributed to the
observed benefit with respect to surgical outcomes.

Pretreatment levels of ctDNA are a potential early indicator of disease recurrence after
surgery.38 Although presurgery assessment of ctDNA clearance was limited to a subgroup
of patients in our trial, the data suggest that clearance during neoadjuvant therapy may be
an early predictor of favorable outcomes, a finding consistent with those from previous
early-phase studies.3”-38 Additional translational research is warranted to understand the
predictive usefulness of ctDNA clearance.

N Engl J Med. Author manuscript; available in PMC 2023 January 17.
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Recent trials have shown a postsurgery disease-free survival benefit with adjuvant targeted
therapy and immunotherapy. The ADAURA trial showed a greater benefit with osimertinib
than with placebo in patients with completely resected stage 11 or 1A NSCLC harboring

a sensitizing EGFR mutation.® In addition, on the basis of the IMpower010 trial, adjuvant
atezolizumab was approved for patients with completely resected stage Il to 1A NSCLC
and a PD-L1 expression level of 1% or more after previous adjuvant cisplatin-based
chemotherapy.® The benefit with atezolizumab was mostly driven by a tumor PD-L1
expression level of 50% or more, with unclear benefit in patients with lower tumor PD-L1
expression levels. Ongoing phase 3 trials of adjuvant and neoadjuvant immunotherapy
regimens will provide further insights into new treatment algorithms for resectable NSCLC.

CheckMate 816 builds on robust findings for nivolumab-based regimens in advanced
NSCLC2-14 and a strong biologic rationale for use in resectable NSCLC, especially in

the neoadjuvant context.1516 Qur data show that three cycles of neoadjuvant nivolumab plus
chemotherapy improved long-term clinical outcomes in patients with resectable stage IB

to IIA NSCLC without impeding the feasibility of surgery or increasing the incidence

of adverse events as compared with chemotherapy alone. On the basis of this trial,
nivolumab in combination with chemotherapy has been approved in the United States as
neoadjuvant treatment for adult patients with resectable NSCLC (tumors =4 cm or node
positive).39 Overall, CheckMate 816 showed that neoadjuvant nivolumab plus chemotherapy
had a significant benefit over chemotherapy alone with respect to event-free survival and
pathological complete response and had no adverse effect on surgical feasibility or surgical
outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1 (facing page). Event-free Survival According to Blinded I ndependent Central Review.
Panel A shows event-free survival among the patients who underwent concurrent

randomization, and Panel B shows event-free survival in prespecified patient subgroups.
Event-free survival was defined as the length of time from randomization to any of the
following events: any progression of disease precluding surgery, progression or recurrence
of disease after surgery (on the basis of assessment by blinded independent central review
according to the Response Evaluation Criteria in Solid Tumors, version 1.1), progression of
disease in the absence of surgery, or death from any cause; data on patients who received
subsequent therapy were censored at the last tumor assessment that could be evaluated on
or before the date of subsequent therapy. Eastern Cooperative Oncology Group (ECOG)
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performance-status scores range from 0 to 5, with higher scores reflecting greater disability.
NR denotes not reached, PD-L1 programmed death ligand 1, and TMB tumor mutational
burden.
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Figure 2 (facing page). Pathological Complete Response According to Blinded I ndependent

Pathological Review.

Panel A shows pathological complete response in the primary analysis population, and Panel
B shows pathological complete response in prespecified patient subgroups. Pathological
complete response was defined as 0% residual viable tumor cells in both primary tumor
(lung) and sampled lymph nodes. According to the intention-to-treat principle, patients who
did not undergo surgery were counted as not having had a response for the primary analysis.
In Panel A, the between-group difference was calculated by means of a stratified Cochran—
Mantel-Haenszel method.
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Figure 3. Overall Survival.
The 95% confidence interval of the hazard ratio was 0.38 to 0.87. At this first prespecified

interim analysis, the P value for overall survival did not cross the boundary for statistical
significance (0.0033).
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