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Summary Neoadjuvant checkpoint inhibition in re-
sectable non-small-cell lung cancer (NSCLC) is safe
and highmajor pathologic response (MPR) and patho-
logic complete response (pCR) rates can be achieved
in combination with chemotherapy. The Checkmate
816 trial gives evidence that pathologic response also
leads to EFS benefit. This opens new opportunities in
the curative setting but also raises questions: What is
the value of adjuvant treatment with checkpoint in-
hibitors? Or should we treat our patients peri-opera-
tively? Which biomarkers can we use for treatment de-
cisions and monitoring of curative patients? Targeted
therapies in the neoadjuvant setting lead to promising
response rates and data for EFS and overall survival
are eagerly awaited.
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Introduction

In early and locally advanced stage non-small-cell
lung cancer (NSCLC), surgery is the cornerstone of cu-
rative-intent treatments, resulting in a 5-year overall
survival (OS) rate varying from 92% in stage IA to 26%
in stage IIIB. The addition of neoadjuvant or adjuvant
chemotherapy results in an absolute improvement of
only 5% in the 5-year survival [1]. Neoadjuvant strate-
gies offer chances by treating micrometastases at the
earliest time point, assessing treatment efficacy on the
tumor specimen, and increasing patient compliance
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with therapy prior to surgery. In this review, novel
neoadjuvant treatment strategies will be summarized.

Checkpoint inhibitors

Checkpoint inhibitors have revolutionized treat-
ment and prognosis for lung cancer patients in the
metastatic setting and are currently being explored in
early stage disease. The first study that investigated
a checkpoint inhibitor in the neoadjuvant setting was
presented at ESMO 2016 by Forde et al. using two
doses of nivolumab before surgical resection [2]. The
study included 21 patients with stage I–IIIA disease.
The treatment was feasible and safe, without any
treatment-related surgical delay. Nine (45%) patients
achieved a major pathologic response (MPR) rate
defined as less than 10% viable tumor cells. Three
patients achieved a pathologic complete response
(pCR) in the tumor bed. No patients had evidence
of progression, with a median of 65% pathological
regression in the primary tumor [2].

The largest monotherapy trial of checkpoint in-
hibition in resectable NSCLC is the LCMC3 phase
2 study with atezolizumab as the immune agent [3].
It enrolled 181 patients with stage IB–IIIB NSCLC
without driver mutations who received two cycles
of atezolizumab followed by resection. Patients who
benefited from therapy could continue adjuvant ate-
zolizumab for 12 months. The primary endpoint was
MPR. Stage IIIA disease accounted for 40% and stage
IIIB for 9% of the study population. Treatment led
to MPR in 21% of patients and pathologic complete
responses in 7% of patients [3]. The 1-year disease-
free survival (DFS) was 85% for patients with stage I
or II disease as well as for those with stage III disease.

The IONESCO trial presented by Wislez et al. at
ESMO 2021 investigated three doses of neoadjuvant
durvalumab in 46 patients and correlated pathological
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Table 1 Neoadjuvant trials investigating checkpoint inhi-
bition
Trial PD(L)-1 inhibitor ORR

(%)
pCR
(%)

MPR
(%)

Checkpoint monotherapy

Forde et al. [2] Nivolumab 3mg/kg× 2 10 10 45

Gao et al. [5] Sintilimab 200mg× 2 20 16 41

LCMC3 [3] Atezolizumab 1200mg× 2 NR 7 20

NEOSTAR [6] Nivolumab 3mg/kg× 3 22 10 19

MK3475-223 Pembrolizumab 200mg 1–2× 13 15 31

IFCT-1601
IONESCO [4]

Durvalumab 750mg× 3 9 7 19

PRINCEPS Atezolizumab 1200mg× 1 7 0 14

Dual checkpoint blockade

Reuss JITC Nivolumab 3mg/kg× 3
Ipilimumab 1mg/kg× 1

11 33 33

NEOSTAR Nivolumab 3mg/kg× 3
Ipilimumab 1mg/kg× 1

19 38 44

× n number of cycles

response with outcome [4]. The extent of pathologi-
cal response (measured as % of residual viable tumor
cells) was an independent prognostic factor for OS
and DFS [4]. Several other PD-1 and PDL-1 inhibitors
have been investigated as monotherapy in the neoad-
juvant setting leading toMPR rates of 14–45% and pCR
rates of 0–16% (Table 1).

Combinations of two checkpoint inhibitors in the
neoadjuvant setting also showed promising results as
in the phase 2 NEOSTAR trial [6]. This study con-
ducted neoadjuvant nivolumab or nivolumab plus
ipilimumab followed by surgery in 44 patients with
operable NSCLC. The MPR rate was 38% (8 of 21)
in the combination arm and 22% (5 of 23) in the
nivolumab arm. Nivolumab and ipilimumab resulted
in higher pCR rates (10% vs 38%) fewer viable tumor
cells (median 50% vs 9%) and greater frequencies of
effector, tissue-resident memory and effector memory
T cells. The authors concluded that the combination
enhances pathologic responses, tumor immune infil-
trates, and immunologic memory [6].

The most promising results have been seen for
a neoadjuvant combination of checkpoint inhibitors
with chemotherapy leading to MPR rates of 57–83%
and pCR rates of 18–63% (Table 2). On the basis of
the results from the phase 3 CheckMate 816 trial,
nivolumab in combination with chemotherapy was
approved by the US Food and Drug Administration
as neoadjuvant treatment for patients with resectable
stage IB–IIIA NSCLC in March 2022 [7]. Patients were
randomized to receive either nivolumab 360mg plus
platinum doublet chemotherapy every 3 weeks for up
to three cycles, or platinum doublet chemotherapy
alone, followed by surgery. Adjuvant chemotherapy
and radiotherapy were allowed but no postoperative
treatment with nivolumab was given. Patients with
known EGFR mutations or ALK translocations were
excluded from the study. The primary endpoints

Table 2 Neoadjuvant trials investigating checkpoint inhi-
bition in combination with chemotherapy
Trial PD(L)-1 inhibitor ORR

DCR
(%)

pCR
(%)

MPR
(%)

Chemo-Immunotherapy-combination

Shu Lancet
Onc 2020

Carboplatin AUC 5
Nab-Paclitaxel 100mg/m2

Atezolizumab 1200mg× 4

63 33 57

NADIM Carboplatin AUC 6
Paclitaxel 200mg/m2

Nivolumab 360mg× 3

76 63 83

SAKK 16/14 Cisplatin 100mg/m2

Docetaxel 85mg/m2

Durvalumab 750mg× 2

58 18 60

Histology-specific Chemo+Nivolumab
3mg/kg× 3 or

54 24 37Checkmate
816 [7]

Histology-specific Chemo 37 2 9

× n number of cycles

of the trial were pCR and event-free survival (EFS),
defined as the length of time from randomization
to any of the following events: any progression of
disease precluding surgery, progression, or recur-
rence of disease after surgery, or death due to any
cause. Nivolumab plus chemotherapy showed a sta-
tistically significant improvement in EFS with a 37%
reduction in the risk of progression, recurrence or
death (hazard ratio [HR] 0.63; 95% confidence interval
[CI] 0.43–0.91; P= 0.005) compared to chemotherapy
alone [7]. The median EFS for the combination arm
was 31.6 months (95% CI 30.2 to not reached [NR])
compared to 20.8 months for patients treated with
chemotherapy alone (95% CI 14.0–26.7). The combi-
nation improved EFS at all levels of PD-L1 expression;
however, the magnitude of benefit was greater in
patients with a tumor PD-L1 expression level of 1%
or more than in those with a level of less than 1%.
While the data are still immature, favorable early OS
results were observed with nivolumab in combination
with chemotherapy (HR 0.57; 99.67% CI 0.30–1.07). At
2 years, 83% of patients treated with the combination
therapy were alive, compared to 71% with chemother-
apy alone. Furthermore, 24% of patients treated with
nivolumab plus chemotherapy achieved pCR (95% CI
18.0–31.0), compared to 2.2% of patients treated with
chemotherapy alone (95% CI 0.6–5.6; P<0.0001) [7].
A promising biomarker was the clearance of circu-
lating tumor DNA (ctDNA; defined as change from
detectable levels of ctDNA at cycle 1 to undetectable
levels of ctDNA at cycle 3). In all, 56% of patients
treated with the combination achieved ctDNA clear-
ance compared to 35% treated with chemotherapy
alone.

These encouraging results are further supported by
a safety profile that is consistent with previous re-
ports. Numerically, a greater percentage of patients
treated with neoadjuvant nivolumab plus chemother-
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apy had complete resection, while fewer patients un-
derwent pneumonectomy. The addition of nivolumab
to chemotherapy did not lead to a delay of surgical re-
section or increased postoperative complications.

Further ongoing phase 3 trials are the Keynote
671 trial evaluating a neoadjuvant concept of pem-
brolizumab or placebo in combination with chemo-
therapy followed by adjuvant pembrolizumab or
placebo, the AEGEAN trial evaluating the same con-
cept with the checkpoint inhibitor durvalumab, and
the IMpower030 trial using the checkpoint inhibitor
atezolizumab.

Targeted therapies

In the context of driver mutations, neoadjuvant tri-
als with targeted therapies are also ongoing. In the
phase 2 NEOS trial, osimertinib 80mg is given daily
for 6 weeks before surgery in patients with resectable
NSCLC with common EGFR mutations (Del19 and
L858R). At this year’s European Lung Cancer Congress,
an updated analysis was presented. A total of 40 pa-
tients have been enrolled so far. Thirty-eight patients
completed neoadjuvant treatment with osimertinib as
planned and 32 patients had surgical resection. The
objective response rate was 71.1% and the disease
control rate was 100%. Of the pathologically evaluable
patients, 11% achieved a major pathologic response
with less than 10% viable tumor cells, including 1 pa-
tient with pCR. In 46% of patients, pathological re-
sponse was ≥50% [8].

Combining an EGFR TKI and chemotherapy in the
neoadjuvant setting may optimize tumor downstag-
ing and micrometastatic eradication. The phase 3
NeoADAURA trial is currently enrolling patients with
resectable, stage II-IIIB NSCLC whose tumors har-
bor EGFR mutations into three arms: neoadjuvant
osimertinib as monotherapy or in combination with
chemotherapy versus standard of care chemotherapy
with placebo [9]. Participants will be stratified by dis-
ease stage (II vs III), ethnicity, and type of EGFR muta-
tion (exon 19 deletion or L858R deletion). The primary
endpoints are MPR and pCR.

In ALK-positive NSCLC, the ALNEO trial is evalu-
ating alectinib as neoadjuvant treatment for 8 weeks
followed by surgery and postoperative treatment with
alectinib for 96 weeks. The primary endpoint is MPR.
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