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Lung cancer is a dismal disease as a leading cause of overall cancer death, but the development of immune checkpoint inhib-
itors (ICIs) in driver gene mutation negative metastatic non-small cell lung cancer (NSCLC) is changing the paradigm of lung 
cancer treatment. Recently, ICIs are expanding their treatment area to early-stage NSCLC and ICIs have also changed their 
treatment strategies of such patients. And it is important to appropriately select patients with resectable early-stage lung 
cancer through a multidisciplinary team approach and decrease the tumor relapse rate in the ICIs era. In this review article, 
we discuss the recently released neoadjuvant and adjuvant data of ICIs, their treatment rationale, and unmet needs in the 
treatment of early-stage NSCLC.
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INTRODUCTION

Since immune checkpoint inhibitors (ICIs) have changed 
the treatment paradigm of metastatic non-small cell lung 
cancer (NSCLC) without targetable molecular driver gene 
mutation(s), they are gradually expanding their treatment 
area to early-stage NSCLC. In the PACIFIC trial, 1-year con-
solidation treatment with durvalumab after concurrent 
chemoradiation therapy (CCRT) in patients with inoperable 
stage III NSCLC proved not only to prolong progression-free 
survival (PFS) but also to prolong overall survival (OS) [1]. As 
a result, durvalumab treatment has now become the stan-
dard treatment for inoperable stage III NSCLC after CCRT. 
Recent several clinical trials using ICIs to address the unmet 
need to improve resectability and reduce recurrence in op-
erable stage I, II, and III patients have reported good results. 
Neoadjuvant chemotherapy in NSCLC has traditionally been 
conducted using cytotoxic chemotherapy, but its impact on 
clinical efficacy has remained modest [2]. As clinical research 
results using ICIs and targeted therapies have been report-

ed, ICIs and targeted therapies have recently received a lot 
of attention in early-stage NSCLC [3-7]. 

In particular, the combination regimen of ICIs with cyto-
toxic chemotherapy has gained attention in neoadjuvant 
treatment [8-10]. The introduction of ICIs has significantly 
increased pathologic complete response (pCR) rates in neo-
adjuvant treatment, which were previously only 4% with 
cytotoxic agents alone, now reaching 20–25% [11-13]. Ad-
juvant cytotoxic chemotherapy for the elimination of resid-
ual lesions showed a modest improvement in lung cancer 
survival rate of about 5% compared to placebo, where-
as adjuvant treatment using ICI has recently shown more 
promising results. 

The present review aims to summarize the efficacy, ratio-
nale, and concerns of the neoadjuvant and adjuvant therapy 
based on ICIs in early-stage NSCLC, focusing on the biolog-
ical rationales and to discuss the role of potential predictive 
biomarkers and the unmet need of current treatment strat-
egies. 
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EFFICACY OF NEOADJUVANT  
CHEMOTHERAPY BASED ON ICIs IN  
RESECTABLE NSCLC PATIENTS

Neoadjuvant chemotherapy refers to the administration of 
anticancer treatment before surgery. The primary objective 
of neoadjuvant chemotherapy is to reduce tumor burden 
to facilitate complete resection (R0 resection) and control 
micro metastasis while also providing an opportunity to 
pre-validate effective anticancer agents. However, careful 
decision-making is necessary because surgery might not be 
proceeded due to disease progression, side effects during 
neoadjuvant chemotherapy, and the increased complexity 
of surgical procedures. A meta-analysis conducted by the 
NSCLC Meta-Analysis Collaborative Group involving 15 ran-
domized clinical trials demonstrated an absolute 5% sur-
vival benefit at 5 years with neoadjuvant chemotherapy [2]. 
Although it has not received attention due to low clinical 
benefits, it has recently received attention as encouraging 
results have been reported in clinical trials of neoadjuvant 
treatment using ICIs  [3]. Due to its nature, neoadjuvant 
clinical trials require a surrogate marker that can indirect-
ly predict such OS benefit, as it takes 10 years or more of 
time and a lot of costs to prove the OS benefit  [14]. The 
utility of neoadjuvant chemotherapy in NSCLC is primarily 
assessed based on achieving a pCR defined as the absence 
of residual viable tumor or a major pathologic response 
(MPR) with residual viable tumor of 10% or less. In surgi-
cal tissues, the remaining cancer cell areas were classified in 
10% increments [11,15,16]. When recurrence-free survival 
and OS were analyzed, 0% and 1–10% groups, respective-
ly, showed significantly different hazard ratios compared 
to other groups. Both pCR and MPR have been closely as-
sociated with reduced risk of recurrence after surgery and 
long-term survival [17-19]. Traditional cytotoxic chemother-
apy alone in NSCLC has been reported to yield low pCR 
rates  [11]. Most of neoadjuvant randomized controlled 
trials (RCTs) based on ICIs with cytotoxic chemotherapy 
have defined pCR and MPR as primary or secondary out-
comes [12,13,20].

Neoadjuvant chemotherapy utilizing ICIs has shown en-
couraging outcomes in NSCLC. Clinical trials based on 
nivolumab, atezolizumab, or pembrolizumab have reported 
similar results, showing approximately 20–60% pCR rates 
and 30–80% MPR rates (Table 1) [8,10,12,13,20]. The phase 
III CheckMate 816 study was designed to demonstrate the 

clinical efficacy of three cycles of nivolumab plus chemo-
therapy over chemotherapy only in patients with resectable 
stage IB to IIIA NSCLC. Compared to chemotherapy alone, 
combination therapy showed prolonged event free surviv-
al (31.6 vs. 20.8 mo, hazard ratio [HR] 0.63, p = 0.005). 
Significantly higher pCR was observed in nivolumab plus 
chemotherapy over chemotherapy alone (24.0 vs. 2.2%,  
p < 0.001). The percentage of MPR was 36.9% with 
nivolumab plus chemotherapy and 8.9% with chemother-
apy alone (OR = 5.70, 95% confidence interval [CI] 3.16–
10.26). In an exploratory subset analysis, circulating tumor 
DNA (ctDNA) clearance was more frequent with nivolum-
ab plus chemotherapy versus chemotherapy and appeared 
to be associated with pCR. This means that neoadjuvant 
nivolumab plus chemotherapy further reduces the burden 
of minimal residual disease. Recently, many clinical trials 
have been conducted on ctDNA as a surrogate marker for 
minor residual disease after surgical resection.

Subgroup analyses have identified programmed death li-
gand 1 (PD-L1) expression, mutation gene status, age, and 
smoking history as potential factors influencing efficacy. 
A notable finding is that even when PD-L1 is expressed at  
≥ 1%, it demonstrates clinical benefits compared to the 0% 
group. There is still concern regarding prognostic difference 
based on high PD-L1 expression group (≥ 50%) versus low 
PD-L1 expression group (1–49%). Mutation status such as 
absence of target genes like EGFR [8,10] and younger age 
have been found to be favorable prognostic factors. Some 
reports have suggested that current and former smokers 
have better outcomes than never-smokers. However, there 
are no distinct differences based on histology type or the 
type of cytotoxic chemotherapy. The impact of lymph node 
status and tumor stage on neoadjuvant chemotherapy re-
sponse in NSCLC remains a concern, showing variable re-
sults [12,13,20].

COMPARISON OF NEOADJUVANT AND  
ADJUVANT THERAPY BASED ON ICIs

The advancement of ICIs has introduced a multitude of treat-
ment options, creating a decision difficulty in clinical fields. 
For example, for stage III NSCLC, there are many treatment  
options, such as neoadjuvant ICI therapy followed by sur-
gery, adjuvant ICI therapy after surgery, and ICI therapy 
following concurrent chemoradiotherapy  [21-23]. Factors 
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such as multidisciplinary team decisions, patient condi-
tions, country-specific ICI approvals, and hospital-specific 
circumstances can affect treatment selection. Since RCT 
that directly compares them has not been reported yet, the 
contents described in this review should be considered as 
hypotheses or expert opinions. Further basic research and 
RCTs are needed to determine the optimal neoadjuvant and 
adjuvant treatment based on ICIs in NSCLC.

In cytotoxic chemotherapy-based regimens, there has 
been no observed difference in prognosis between neoadju-
vant and adjuvant treatments [2,24]. However, in ICI based 
therapies, there is a potential disparity due to the presence 
or absence of targetable cancer cells and cancer antigens by 
immune cells in neoadjuvant and adjuvant settings.

In neoadjuvant treatment, residual cancer cells including 
the primary tumor site and tumor-draining lymph nodes 
(TDLNs) remain. However, surgical resection in NSCLC in-
volves the removal of the primary tumor and comprehensive 

lymph node dissection, which can result in direct reduction 
of tumor antigens that can be targeted by various immune 
cells. Recently, it has been shown that TDLNs have a posi-
tive effect on cytotoxic lymphocyte expansion and diversity 
of T cell receptor (TCR)  [25-28]. In neoadjuvant treatment 
where residual cancer cells remain in the body, more di-
verse T cell responses can be generated than those in an 
adjuvant setting [28-30]. Adjuvant immunotherapy can also 
restore antitumor immunity that might have been compro-
mised by surgery  [31]. Despite this, some adjuvant RCTs 
have not demonstrated a significant improvement in OS. A 
study using mouse models has suggested the superiority of 
neoadjuvant over adjuvant therapy [32]. Although there is 
no directly comparable RCTs, neoadjuvant treatment which 
allows immune cells to recognize remaining tumor cells and 
TDLNs appears to be more a favorable perioperative setting 
for lymphocyte expansion and diversity of TCR than adju-
vant treatment (Fig. 1).

Table 1. Clinical trials of neoadjuvant/perioperative immunotherapy in NSCLC

Study Stage
Study 
design

Patients 
numbers

Regimens MPR (%) pCR (%)
R0 resection 

(%)

Neoadjuvant trial

CheckMate816 
(NCT02998528) [1]

IB to IIIA Phase III 179 Nivo + platinum doublet 3 cycles 66 (36.8) 43 (24.0) 124 (69.3)

NCT02716038 [8] IB to IIIA Phase II 30 Atezo + platinum doublet 4 cycles 17 (56.7) 10 (33.3) 26 (86.7)

NEOSTAR (NCT03158129)- 
Arm A [4]

I to IIIA Phase II 23 Nivo 3 cycles 5 (21.7) 2 (8.7) 23 (100.0)

NEOSTAR (NCT03158129)- 
Arm B [4]

I to IIIA Phase II 21 Nivo 3 cycles + ipilimumab 1 cycle 8 (38.1) 6 (28.6) 21 (100.0)

NEOSTAR (NCT03158129)- 
Arm C [5]

IB to IIIA Phase II 22 Nivo 3 cycles + cytotoxic 
chemotherapy 3 cycles

7 (32.1) 4 (18.2) 20 (90.9)

NEOSTAR (NCT03158129)- 
Arm D [5]

IB to IIIA Phase II 22 Nivo 3 cycles + ipilimumab 1 cycle 
+ cytotoxic chemotherapy 

3 cycles

11 (50.0) 4 (18.2) 19 (95.0)

Perioperative (Neoadjuvant + adjuvant) trial

NADIM (NCT03081689) 
[10]

IIIA Phase II 46 Nivo + platinum doublet 3 cycles 
– Nivo (adj) 12 months

34 (82.9) 26 (63.4)  41 (89.1)

KEYNOTE 671 
(NCT03425643) [13]

II to IIIB Phase III 397 Pembro + platinum doublet  
4 cycles – Pembro (adj) 13 cycles

120 (30.2) 72 (18.1) 299 (75.3)

NADIM II (NCT03838159) 
[20]

IIIA to 
IIIB

Phase II 57 Nivo + platinum doublet 3 cycles 
– Nivo (adj) 6 months

30 (52.6) 21 (36.8) 50 (87.7) 

SAKK 16/14 [9] IIIA Phase II 55 Cisplatin/docetaxel 3 cycles 
-> Durvalumab 2cycles – 
Durvalumab(adj) 12 months

34 (61.8) 10 (18.2) 51 (92.7)

Atezo, atezolizumab; MPR, major pathologic response; Nivo, nivolumab; NSCLC, non-small cell lung cancer; pCR, pathologic com-
plete response; Pembro, pembrolizumab.
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ICIs appear to be more advantageous in neoadju-
vant treatment as evidenced by OS data from adjuvant 
RCTs [12,13,20]. Two representative RCTs that used ICIs as 
adjuvant treatment, namely IMpower010 (atezolizumab) 
and PEARLS/KEYNOTE-091 (pembrolizumab), showed sig-
nificant benefits in the primary endpoint of disease-free sur-
vival. Both the IMPOWER 010 study and the PEARLS/KEY-
NOTE 091 study met their primary endpoint of disease-free 
survival with HRs of 0.81 (95% CI, 0.67–0.99) and 0.76 
(95% CI, 0.63–0.91), respectively (Table 2). Although there 
is a limitation in the interpretation that the OS data have not 

yet matured, neither study demonstrated significant bene-
fits in the secondary outcome of OS  [33,34]. Based on a 
sub-analysis of the IMpower010 study, it could be inferred 
that OS benefits were observed only in a specific subgroup 
with PD-L1 expression of 50% or higher and negative 
EGFR/ALK status [35]. On the other hand, the PEARS/KEY-
NOTE-091 study demonstrated prolongation of disease-free 
survival regardless of PD-L1 expression lesions, and accord-
ing to the guideline, pembrolizumab is recommended for 
PD-L1-unselected patients with stage IB to IIIA NSCLC. In an 
adjuvant setting, a clearer definition of the patient popula-

Table 2. Representative adjuvant clinical trials of immunotherapy in NSCLC

Study Stage
Study 
design

Patients 
numbers

Regimens DFS, HR (95% CI)
Follow-up 

period (mo)

IMpower010 [33] IB to IIIA Phase III 1280 Atezolizumab 16 cycles or 1 year 0.81 
(0.67–0.99, p = 0.040)

32.2

PEARLS/KEYNOTE-091 [34] IB to IIIA Phase III 1177 Pembrolizumab 18 cycles 0.76 
(0.63–0.91, p = 0.014)

35

CI, confidence interval; DFS, disease free survival; HR, hazard ratio; NSCLC, non-small cell lung cancer.

Figure 1. Mechanism of potential advantage of the neoadjuvant immunotherapy over the adjuvant immunotherapy. Preoperative primary 
tumor has diverse and abundant amount of tumor antigens. Immune checkpoint inhibitor restores immune response to tumor antigens 
resulting in increased T-cell diversity and expansion of T-cell clones in primary tumor. Immune checkpoint inhibitor also enhances tumor 
antigen presentation by antigen presenting cell and activation of T-cells in tumor-draining lymph node (TDLN) (A). When the primary 
tumor and lymph nodes, including TDLN, are surgically removed, both the quantity and variety of tumor antigens diminish. Additionally, 
the immune response within in the TDLN is lost. Consequently, the effectiveness of immune checkpoint inhibitor in eliciting a robust T cell 
response is decreased (B).
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tion or additional studies such as perioperative treatment 
(neoadjuvant + adjuvant) might be necessary.

Concerns regarding neoadjuvant ICI therapy
There are several concerns associated with neoadjuvant 
therapy using ICIs: 1) potential inability to proceed with sur-
gery due to treatment-related side effects and cancer pro-
gression during neoadjuvant therapy; 2) neoadjuvant thera-
py might complicate surgical procedure due to development 
of fibrosis, scar changes, or adhesions. There are also special 
risks associated with ICIs therapy, such as hyper-progressive 
disease (HPD), pseudo-progression, and immune-related ad-
verse events (irAEs).

Based on analysis of CheckMate 816, in a group receiving 
ICIs with cytotoxic chemotherapy (ICI group), 83% of pa-
tients were able to undergo surgery, while in the cytotoxic 
chemotherapy alone group (cytotoxic alone group), 75% of 
patients were able to undergo surgery [12]. The incidence 
of delayed surgery for various reasons was 21% in the ICI 
group and 18% in the cytotoxic alone group. These findings 
suggest that the use of ICIs in neoadjuvant treatment does 

not significantly increase the difficulty of surgery. It allows 
a higher proportion of patients to undergo surgery. Partic-
ularly in stage IIIA patients, the ICI group showed a 20% 
higher rate of undergoing lobectomy and a 13% lower rate 
of undergoing pneumonectomy compared to the cytotoxic 
alone group. This indicates a significant downstaging effect 
associated with the use of ICIs.

The NADIM study, similar to CheckMate 816, demon-
strated that neoadjuvant ICI therapy did not have a negative 
impact on surgery-related outcomes. After excluding those 
who refused surgery, 41 (93.2%) of 44 patients underwent 
surgery. In this study, neither PD-L1 expression nor tumor 
mutation burden predicted long-term survival, while a sig-
nificant association between ctDNA levels after neoadjuvant 
chemoimmunotherapy and survival benefits was shown. No 
patient experienced treatment-related adverse events that 
delayed surgery or resulted in death. Additionally, there was 
no intraoperative or in-hospital mortality (30 or 90 days af-
ter operation) [10].

Furthermore, even in cases where chest computed tomog-
raphy (CT) evaluation after neoadjuvant treatment showed 

Figure 2. Discordance between radiologic and metabolic responses after neoadjuvant immunotherapy. A case of a 73-year-old male pa-
tient with non-small cell lung cancer (adenocarcinoma) treated with neoadjuvant immunotherapy and received left upper lobectomy and 
showed pathologic complete remission. (A) Chest computed tomography (CT) before immunotherapy. (B) Chest CT after immunotherapy 
in the same patient. The longest tumor diameter was increased from 3.2 cm to 3.7 cm. (C) Positron emission tomography-CT (PET-CT) 
before immunotherapy in the same patient. (D) PET-CT after immunotherapy in the same patient. The standardized uptake value was de-
creased from 14.83 to 2.26. 

A

C

b

D
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tumor progression, the nature of ICIs therapy (pseudo-pro-
gression) resulted in minimal or absence of cancer cells in 
actual surgical specimens  [3,36,37]. In the neoadjuvant 
setting, the discrimination of true progression and pseu-
do-progression is particularly critical, to not preclude cura-
tive surgery. This highlights the need for additional imaging 
tools such as chest magnetic resonance imaging or positron 
emission tomography in response assessment as well as the 
importance of considering surgery more actively even for 
cases showing tumor growth (Fig. 2) [38-40]. 

Currently, there is no definitive evidence regarding the 
extent of surgical difficulty when using ICIs in neoadjuvant 
treatment. However, from surgeons’ perspective, achiev-
ing complete resection (R0 resection) is the most important 
thing in decision-making. The use of ICIs in a neoadjuvant 
setting has already shown significant benefits in terms of 
achieving pCR or MPR [8-10]. Even in cases where complete 
resection appears challenging based on chest CT imaging, 
there have been instances of achieving pCR in surgical spec-
imens, which indicates that ICIs based neoadjuvant therapy 
is highly advantageous. Nevertheless, further research about 
ICIs is needed on factors such as surgical difficulty, postop-
erative management, and complications [41-43].

When using ICIs, there are always concerns regarding 
HPD and irAEs [44,45]. In several RCTs, the incidence of all-
grade irAEs was around 20%. However, the occurrence of 
grade IV irAEs that require surgical delay or render surgery 
impossible is very low, ranging from 1–2%. Additionally, it 
has been observed that the length of hospital stay follow-
ing surgery does not significantly increase with the use of 
ICIs [12,13,20]. Furthermore, while there might be concerns 
about HPD with ICIs monotherapy, the risk is very low when 
ICIs are combined with cytotoxic chemotherapy [46].

Another issue of the neoadjuvant ICI therapy is that some 
patients with MPR showed recur, and even patients with 
pCR also had recur, so attempts to reduce the number of re-
curring patients after such surgery are currently underway. 
As part of this, perioperative treatment, which treats ICI be-
fore and after surgery, is attracting attention.

Prospects of perioperative ICI treatment to 
compensate for the challenging issues of  
neoadjuvant and adjuvant treatment
As a strategy to compensate for the pros and cons of neo-
adjuvant and adjuvant treatments, perioperative immuno-
therapy plus cytotoxic chemotherapy is a trend of clinical 

trial that has recently been newly attempted. Of course, 
there may be a patient group for which only neoadjuvant 
treatment is indicated, and there may be patients for whom 
only adjuvant treatment is indicated. For example, in the 
case of stage IB or II, if immediate surgery is possible, adju-
vant immunotherapy can be performed immediately after 
surgery without neoadjuvant treatment. When surgery was 
performed after neoadjuvant immuno-cytotoxic chemother-
apy, the relapse rate is high, especially in stage II and III pa-
tients, so it is difficult to expect long term survival of patients 
with neoadjuvant treatment alone. In particular, periopera-
tive strategies were mainly clinically conducted in II or IIIA/B 
because the stage in which complete resection is difficult at 
the time of diagnosis is the most appropriate indication. Re-
cently, the phase II NADIM II trial and the phase III Keynote 
671 trial reported the usefulness of the perioperative treat-
ment strategy in patients with early-stage NSCLC  [13,20]. 
In NADIM II trial, patients with resectable stage IIIA or IIIB 
NSCLC were enrolled and received neoadjuvant nivolumab 
plus platinum-based chemotherapy (experimental group) or 
chemotherapy alone (control group), followed by surgery. 
Patients in the nivolumab plus chemotherapy group who 
had R0 resections received adjuvant treatment with nivolum-
ab for 6 months. A pCR occurred in 37% of the patients in 
the experimental group and in 7% in the control group. OS 
at 24 months was 85.0% in the experimental group and 
63.6% in the control group. In Keynote-671 trial, Patients 
with resectable stage II, IIIA, or IIIB (N2 stage) NSCLC were 
enrolled and received neoadjuvant pembrolizumab plus 
cisplatin-based chemotherapy or chemotherapy alone for 
4 cycles, followed by surgery and adjuvant pembrolizum-
ab or placebo for up to 13 cycles. The primary endpoint 
of event-free survival demonstrated a clinically meaningful 
improvement with the Pembrolizumab group, with an HR 
of 0.58 (95% CI, 0.46–0.72, p < 0.00001). A pCR occurred 
in 18.1% of the pembrolizumab group and 4.0% of the 
placebo group. Although the absolute value of pCR in both 
clinical trials is different, it is a higher value compared to 
the pCR value seen in conventional cytotoxic chemothera-
py (median, 4%) [11]. Although the OS data has not been 
matured yet, the interim analysis data showed a promising 
date, so the final analysis result is expected in the future.

Future challenges
Durvalumab maintenance treatment after CCRT in un-
resectable stage III NSCLC proved the benefit of PFS and 
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OS (PACIFIC trial), but the issue of resectability in stage III 
NSCLC is still an unmet need [1]. Although the multidisci-
plinary team approach determines the direction of treat-
ment at the N2 stage, in some cases, there is no consensus 
on the appropriate treatment at the N2 stage. Because the 
decision regarding resectability has been mostly driven by 
poor survival outcomes rather than the feasibility of surgery. 
Since the application of ICIs plus cytotoxic chemotherapy 
improved the resectability of surgery and the introduction 
of adjuvant immunotherapy reduced the relapse rate, it 
has become very important to select appropriate patients 
through a multidisciplinary team approach.

Neoadjuvant treatment based on ICIs in NSCLC is expect-
ed to rapidly expand in clinical practice. However, several 
controversial issues need to be addressed. Various RCTs are 
currently underway to address these issues (Table 3). The 
main issue is related to regimen (= combination drug se-
lection). Although this review article mainly discussed ICIs 
with platinum based cytotoxic chemotherapy, there are 
various drug options depending on patient characteristics, 
including ICIs monotherapy, ICIs with other ICIs, or ICIs 
combined with targeted therapy (especially anti-angiogen-
esis agents) [4,47,48]. This issue is ultimately related to the 
optimal selection of patient populations, which is associated 

with biomarkers. Targeted therapy seems to be more bene-
ficial than using ICIs in neoadjuvant/adjuvant settings when 
there are common mutation genes such as EGFR, ALK, ROS-1, 
and KRAS. For patients without these common mutation 
genes, a predictive biomarker is necessary to determine 
the optimal patient population. Currently, known common 
biomarkers include PD-L1 expression [12,13,20], tumor mu-
tational burden (TMB) [3], ctDNA [49], microsatellite insta-
bility-high (MSI-H), and mismatch repair deficiency [50-52].

While there might be variations in results across different 
RCTs, it is generally observed that PD-L1, TMB, and MSI-H 
have a positive correlation with response rates, while ctD-
NA shows a negative correlation. In particular, it has been 
shown that ctDNA detected before and after surgery is 
closely associated with relapse [53,54]. There is a potential 
benefit for patients who have ctDNA detected after surgery 
to maintain adjuvant ICIs treatment following neoadjuvant 
ICIs treatment [55]. Some studies are currently investigating 
the use of specific genes such as RREB1 and SSPO mutations 
or employing a peripheral T cell expansion score. However, 
further research is needed for their practical application in 
clinical settings [56].

Another issue in perioperative treatment is the optimal cy-
cle issue in neoadjuvant treatment. The issue with 3 cycles 

Table 3. Ongoing - clinical trials of neoadjuvant/perioperative immunotherapy in NSCLC

Study Stage
Study 
design

Regimens Primary endpoints

Neoadjuvant trial

NANE-LC (NCT04541251) IB-IIIA Phase II Camrelizumab + Nab-paclitaxel + Carboplatin 3 cycles MPR

NCT04061590 I to IIIA Phase II Pembro + pemetrexed Tumor-infiltrating 
immune cells 

NCT04638582 IA to IIA Phase II Pembro + platinum doublet 3 cycles ctDNA levels

Perioperative (Neoadjuvant + adjuvant) trial

CHIO3 Trial 
(NCT04062708)

IIIA to IIIB Phase II platinum doublet + durvalumab – durvalumab (adj)  
13 cycles + radiation 

N2 nodal clearance

NeoP (NCT05383716) IIA to IIIB Phase II Pembro 2–4 cycles – Pembro+cytotoxic chemotherapy (adj) 
1–2 cycles – Pembro (adj) 12 months

MPR

IMpower-030 IIA to IIIB Phase III Atezolizumab vs. Placebo + platinum doublet 4 cycles – 
Atezolizuamb (adj) 16 cycles

MPR

AEGEAN IIA to IIIB Phase III Durvalumab vs. Placebo + platinum doublet 4 cycles – 
Durvalumab (adj) 12 cycles

pCR/EFS

Checkmate-77T IIA to IIIB Phase III Nivolumab vs. Placebo + platinum doublet 4 cycles – 
Nivolumab (adj) 1 year

EFS

EFS, event free survival; MPR, major pathologic response; NSCLC, non-small cell lung cancer; pCR, pathologic complete response; 
Pembro, pembrolizumab.
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or 4 cycles is that treatment of less than 3 cycles is difficult 
to obtain the maximum therapeutic effect, whereas treat-
ment of a longer period may miss the surgical timing due to 
disease progression. And most of the current clinical studies 
are conducting adjuvant ICIs treatment for 1 year, and the 
answer to whether a 1-year period is appropriate should 
wait for long-term results of clinical trials and real-world 
data. In addition, clinical trials are underway to determine 
whether to perform adjuvant immunotherapy by predicting 
molecular residual disease status through ctDNA, and ap-
propriate target patients for optimal adjuvant immunother-
apy can be determined according to the results.

CONCLUSION

The development of ICIs has led to rapid advancements in 
the treatment of lung cancer. Initially, ICIs were predomi-
nantly utilized in palliative settings for advanced stage IV NS-
CLC or extensive-stage small cell lung cancer. Recently, ICIs 
have expanded their application to early-stage lung cancer, 
including neoadjuvant and adjuvant approaches. Conven-
tional cytotoxic chemotherapy has shown limited efficacy in 
early-stage lung cancer. However, it has been demonstrated 
that ICIs can significantly improve rates of pCR and MPR. 
And adjuvant immunotherapy demonstrated a reduction in 
the risk of disease recurrence or death. In conclusion, it is 
important to appropriately select patients with resectable 
early-stage lung cancer through a multidisciplinary team 
approach, and it is increasingly important to establish a 
treatment strategy based on biomarkers that can improve 
survival by reducing relapse through adjuvant immunother-
apy after surgery. 
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