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Summary
Background Some locally advanced (IIIA/IIIB) non-small cell lung cancers (NSCLCs) might have surgical options
available. However, information regarding the effectiveness of neoadjuvant immunotherapy for potentially
resectable IIIA/IIIB NSCLC is limited. The intent of this investigation was to offer a more favourable alternative
to the standard approach of chemoradiotherapy (concurrent or sequential chemoradiotherapy) followed by
immunotherapy for potentially resectable stage III NSCLC.

Methods This prospective, single-arm, phase 2 clinical trial (NCT04326153) enrolled treatment-naïve patients with
‘potentially resectable’ IIIA/IIIB NSCLC who were deemed unsuitable for complete (R0) resection upon initial
diagnosis. The study period was between March 20, 2020, and August 20, 2021. Patients underwent neoadjuvant
chemoimmunotherapy (sintilimab combined with nab-paclitaxel and carboplatin) for two to three cycles prior to
surgical resection of the lung carcinoma and systematic nodal dissection within 30–45 days. The primary
endpoint was the 2-year disease-free survival (DFS) rate, with secondary endpoints encompassing major
pathological response (MPR) rate, pathological complete response (pCR) rate, overall survival, objective response
rate (ORR), downstaging rate, and adverse events (AEs). Tumour immune cell infiltrates, identified via
immunohistochemistry, were assessed as biomarkers at baseline and after surgery.

Findings Among 30 patients who received neoadjuvant chemoimmunotherapy, 20 underwent complete resection.
The disease control rate was 96.7% (95% CI: 90.3%–99.99%), with an ORR of 55% (95% CI: 37.2%–72.8%) and a
downstaging rate of 80% (95% CI: 65.7%–94.3%). In the subgroup of 20 patients who underwent surgery, the MPR
rate was 65% (95% CI: 43.3%–82.9%), and the pCR rate was 40% (95% CI: 21.2%–46.3%). The 2-year DFS rate in the
surgical group was 75% (95% CI 56%–94%). Notably, the MPR group demonstrated significantly prolonged DFS
compared with the non-MPR group (p = 0.00024). A significant increase in pretreatment CD8 expression
correlated with improved DFS (p = 0.00019). Three patients (10%) experienced grade 3 or higher immune-related
AEs—one case of grade 3 elevated myocardial enzymes, one case of grade 3 interstitial pneumonia, and one case
of grade 5 bronchopleural fistula.

Interpretation Neoadjuvant immunotherapy markedly enhanced the rate of pathological response and 2-year DFS in
patients with potentially resectable IIIA/IIIB NSCLC. Overexpression of CD8 before treatment (H score≥3) may serve
as a potential predictive biomarker for DFS. Consequently, the treatment landscape for potentially resectable IIIA/
IIIB NSCLC could undergo changes.
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Research in context

Evidence before this study
Notably, various large-scale clinical trials involving the
combination of neoadjuvant chemotherapy with PD-1 and
PD-L1 inhibitors for resectable stage I–III non-small cell lung
cancer (NSCLC) reported an 36.9%–62% MPR rate and led to
substantial improvements in survival time. Despite favourable
outcomes, rigorous evidence supporting neoadjuvant
chemotherapy with PD-1 and PD-L1 inhibitors in the
treatment of potentially resectable stage IIIA/IIIB NSCLC is
limited. Additionally, there is a lack of DFS data for periods of
≥2 years to evaluate the effect of neoadjuvant
chemoimmunotherapy in potentially resectable stage IIIA/IIIB
NSCLC.

Added value of this study
Our prospective clinical trial aimed to assess the effectiveness
and safety of combining PD-1 inhibitors with chemotherapy
in the context of locally advanced NSCLC cases; the emphasis
on extended follow-up duration with the primary endpoint of
a 2-year DFS rate was distinguished from other published
clinical trials. Our findings showed that neoadjuvant

immunotherapy for patients with potentially resectable stage
IIIA/IIIB NSCLC expanded the opportunities for achieving R0
resection in initially unresectable cases and significantly
extended the 2-year DFS rate. Furthermore, this study
identified pretreatment overexpression of CD8 as a potential
predictor of DFS.

Implications of all the available evidence
The intent of this investigation was to ascertain whether
neoadjuvant chemoimmunotherapy offers a more favourable
alternative to the standard approach of concurrent or
sequential chemoradiotherapy (CRT/SRT) followed by
immunotherapy for potentially resectable stage III NSCLC.
However, confident conclusions cannot be drawn based on
the results of our study or other available evidence. Another
randomized controlled trial of neoadjuvant
chemoimmunotherapy followed by surgical treatment and
CRT followed by immune consolidation therapy in patients
with potentially resectable stage III NSCLC is needed to
confirm these results.
Introduction
Non-small cell lung cancer (NSCLC) constitutes 80%–

85% of all lung cancer cases globally. Approximately
20% of patients with NSCLC are diagnosed with
potentially resectable T4N1-2 or T1-3N2 (stage IIIA or
IIIB) disease owing to direct organ invasion (T4) or
mediastinal lymph node spread (N2).1,2 Managing these
cases presents a challenge, as various treatment ap-
proaches result in a 5-year overall survival (OS) rate of
41% for stage IIIA and 24% for stage IIIB.3 Over the
past decades, neoadjuvant chemotherapy before surgery,
concurrent or sequential chemoradiotherapy (CRT/
SRT), neoadjuvant or adjuvant radiotherapy, and sur-
gery after CRT have been attempted in patients with
potentially resectable stage IIIA/IIIB NSCLC.4–6 Unfor-
tunately, these efforts have yielded minimal advance-
ments, thus warranting the exploration of alternative
treatments.

Recent advancements in programmed cell death 1
(PD-1) and programmed cell death-ligand 1 (PD-L1)
inhibitors have reshaped metastatic NSCLC therapy.7

Improved outcomes have also been noted in unresect-
able stage III lung cancers when immunotherapy is
administered after chemoradiotherapy. The median
progression-free survival (PFS) in Phase II clinical trials,
such as the DETERRED and LUN 14-179 studies, was
18.7 and 18.1 months, respectively8,9; however, the
2-year PFS of these two studies was not available. Two
significant randomized clinical trials, the PACIFIC and
GEMSTONE-301 studies, have demonstrated that im-
mune checkpoint inhibitor (ICI) incorporation markedly
enhances PFS and OS in patients with unresectable
stage III NSCLC who undergo CRT/SRT, in contrast to
conventional standard chemoradiotherapy. Currently,
post-definitive CRT/SRT with durvalumab and suge-
malimab represent established therapeutic options for
patients with unresectable stage III NSCLC. However,
the median PFS in the PACIFIC and GEMSTONE-301
studies stood at 16.8 and 14.3 months, respectively,
with a 2-year PFS rate around 40%,10,11 which remains
suboptimal. Exploring ways to improve PFS in cases of
locally advanced NSCLC and determining whether the
potential for extended survival or recovery exists pre-
sents a substantial challenge.

To the best of our knowledge, employing neo-
adjuvant chemotherapy before surgery has demon-
strated the potential to enhance disease-free survival
(DFS) in resectable stage III NSCLC compared to sur-
gery alone (20 months vs. 5 months). Nevertheless, the
2-year and 5-year DFS rates remain modest at approxi-
mately 40%–50% and 30%–40%, respectively
(Supplementary Table S1).12–15 Within the cohort sub-
jected to chemotherapy, only 30%–40% achieved com-
plete resection, with a major pathological response
(MPR) of 7%–20% and a complete pathological
response (pCR) of 2.2% at the time of surgery.12,16

Notably, recent research involving the combination of
neoadjuvant chemotherapy with PD-1 and PD-L1
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inhibitors for resectable stage III NSCLC reported an
80% downstaging rate and 78%–89% complete resec-
tion rate.17 MPR ranging from 36.9% to 62% and pCR
rates of 18%–24% were observed in various large-scale
clinical trials.18,19 The incorporation of neoadjuvant
chemoimmunotherapy also led to substantial improve-
ments in survival time, with 2-year DFS rates ranging
from 63.8% to 68%, and a 3-year OS rate exceeding
80%.20,21 The correlation among high MPR, pCR, and
extended survival has been documented in cases where
neoadjuvant chemoimmunotherapy was adminis-
tered.16,20 The conceptual basis for neoadjuvant immu-
notherapy is the premise that the tumour antigen load
might amplify immune recognition, thereby promoting
the reactivation and expansion of CD8+ T cells within
the macroscopic tumour microenvironment. This com-
bination chemotherapy can enhance anti-tumour acti-
vation. Additionally, it remains an open question
whether neoadjuvant chemoimmunotherapy can be
used for potentially resectable stage IIIA/IIIB NSCLC,
leading to downstaging from unresectable to resectable
disease. This, in turn, may reduce recurrence rates and
improve survival by increasing MPR and pCR rates
during surgery. Achieving the correct balance between
efficacy and safety in this innovative approach for
potentially resectable stage IIIA/IIIB NSCLC remains a
complex challenge. Therefore, further validation is
required.

Although promising outcomes in terms of MPR and
pCR have been demonstrated in patients with poten-
tially resectable stage III disease, there is an absence of
comprehensive data for those with potentially resectable
stage IIIA/IIIB NSCLC who undergo neoadjuvant che-
moimmunotherapy followed by surgery, particularly
with respect to long-term follow-up. Therefore, we
conducted a prospective clinical trial to assess the
effectiveness and safety of combining the PD-1 inhibitor
(sintilimab) with chemotherapy (nab-paclitaxel and car-
boplatin) in patients with locally advanced NSCLC. This
study emphasises an extended follow-up duration, with
the primary endpoint centred on the observation of the
2-year DFS rate, distinguishing it from other published
clinical trials. The intent of this investigation was to
ascertain whether neoadjuvant chemoimmunotherapy
offers a more favourable alternative to the standard
approach of CRT/SRT followed by immunotherapy for
potentially resectable stage III NSCLC. We anticipate
that these findings will shed new light on the manage-
ment of patients with locally advanced NSCLC.
Methods
Study design and participants
This phase 2 clinical trial (Registration Number:
NCT04326153) was conducted as a prospective, single-
centre, single-arm study at The First Bethune Hospital
of Jilin University in Changchun, China. This study
www.thelancet.com Vol 68 February, 2024
aimed to evaluate the efficacy and safety of sintilimab
combined with nab-paclitaxel and carboplatin in patients
diagnosed with potentially resectable stage IIIA/IIIB
NSCLC.

Patients aged ≥18 years with histologically or cyto-
logically confirmed, treatment-naive, potentially resect-
able stage IIIA/IIIB NSCLC were eligible for
participation. The detailed criteria for inclusion, exclu-
sion, and withdrawal are provided in the Supplementary
Methods. The pTNM stages of all the patients were
determined according to the Eighth Edition of The Lung
Cancer Staging Classification. The initial assessment
and staging procedures included enhanced chest
computed tomography (CT), brain magnetic resonance
imaging, bone scans, and abdominal CT scans, which
were conducted as routine practice. We used the term
‘sex’ based on the biological factors of each participant.
We determined the sex of each participant through in-
formation of their identification cards, which are
confirmed by the public security bureau of the People’s
Republic of China to verify participants’ birth details.

The term ‘potentially resectable’ was defined as fol-
lows: Detection of T4 invasion, such as involvement
with the pericardium, large blood vessels, trachea, or the
presence of multiple enlarged ipsilateral mediastinal
lymph nodes. Although R0 resection was unfeasible at
the time of initial diagnosis, the possibility of achieving
such a resection arose after neoadjuvant treatment. All
assessments were conducted by a multidisciplinary
team (MDT) consultations that involved collaboration
among the oncology, thoracic surgery, imaging, and
radiation therapy departments.

Ethics
This study was performed in accordance with the
guidelines of the Declaration of Helsinki and Good
Clinical Practice. The protocol was reviewed and
approved by the Ethics Committee of Jilin University
First Hospital (reference number 19K112-001). All pa-
tients provided oral and written informed consent.

Procedures
The treatment regimens are shown in Supplementary
Figure S1. Patients received intravenous administra-
tion of sintilimab (200 mg) on day 1, nab-paclitaxel
(260 mg/m2) on day 1, and carboplatin with an area
under the curve (AUC) of 5 (dosed at 5 mg/mL per min)
on day 2 of a 21-day cycle. This regimen was repeated
for two or three cycles before surgery, contingent on the
remission status. Surgical resection of the lung carci-
noma and systematic nodal dissection were scheduled
30–45 days post-neoadjuvant treatment. Adjuvant treat-
ment commenced 28–60 days after surgery and involved
two cycles of intravenous nab-paclitaxel (260 mg/m2) on
day 1 and carboplatin (AUC 5; 5 mg/mL per min) on day
2. Additionally, continuation of sintilimab (200 mg) for
6 months was recommended, although patients could
3
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choose to discontinue treatment based on their indi-
vidual preferences and physical condition. Follow-up
assessments, including chest CT scans and safety tests
for immune markers, were conducted every 3 months.

The determination of patient suitability for surgery
was based on clinical remission and was carried out
through MDT consultations involving thoracic sur-
geons, radiologists, imagists, and oncologists, both
before and after neoadjuvant chemoimmunotherapy.
Experienced thoracic surgeons performed the surgical
procedures. Intraoperative exploration was initially
conducted to reassess the resectability and evaluate po-
tential adhesions and tumour invasion in the fissures
and nodal stations. Surgical interventions included lo-
bectomy or total pneumonectomy, coupled with
comprehensive hilar and mediastinal lymphadenec-
tomy, encompassing dissecting stations 2, 4, 7, 8, 9, and
10 on the right side and stations 4, 5, 6, 7, 8, 9, and 10
on the left side. The frozen sections were evaluated to
exclude residual disease.

Pretreatment and postoperative specimens were sub-
jected to immunohistochemistry (IHC) testing for each
patient following the manufacturer’s guidelines (see
Supplementary assessments). Tumour immune cell in-
filtrates were analysed using a comprehensive set of
biomarkers (CD4, CD8, CD20, CD56, FoxP3, CD86,
CD163, and CD11b). Slides were scanned using an
Olympus microscope (Olympus, BX53, Japan), and an
experienced pathologist evaluated pathological remission
by assigning scores based on the staining intensity and
percentage of positive cells in the tumour area for each
biomarker. The tumour area encompasses the tumour
cells, interstitial tissue within the tumour, and contig-
uous interstitial tissue surrounding the tumour. Intra-
vascular immune cells exhibited positive staining but
were excluded from the score range. Staining intensity
was graded as follows: 0, no positive staining (negative);
1, light yellow (weakly positive); 2, brown-yellow (posi-
tive); and 3, brown (strongly positive). Depending on the
percentage of positive cells, the scores were assigned as
follows: 1 point, ≤25%; 2, 26%–50%; 3, 51%–75%; and 4,
>75%; these two scores were multiplied to calculate the
final Histochemistry score (H-score).

Morbidity, mortality, and surgical complications
were monitored for 90 days post-surgery. Subsequent
follow-up visits were scheduled 1 month after surgery
and every 3 months thereafter. Tumour assessments
were conducted according to RECIST version 1.1, and
the sum of longest diameters was calculated by a radi-
ologist at the hospital. Adverse events (AEs) and
abnormal laboratory findings were graded based on the
National Cancer Institute Common Terminology
Criteria for Adverse Events version 5.0.

Outcomes
The primary endpoint was the 2-year DFS rate for sur-
gical patients, defined as the duration from the date of
surgery to the first occurrence of local or distant recur-
rence or death. Secondary endpoints included the rate of
MPR for surgical patients, characterised by 10% or less
residual viable tumour post-surgery; the rate of pCR for
surgical patients; the proportion of patients undergoing
R0 resection; the proportion of intention-to-treat (ITT)
patients achieving tumour downstaging; OS for surgical
patients; objective response rate (ORR) for ITT patients;
AEs for ITT patients; and quality of life for ITT patients,
calculated from the date of enrolment date until disease
recurrence or death.

Statistics
The primary endpoint was the 2-year DFS rate; however,
because of the extended observation time required for
this endpoint, it was not suitable for the prompt vali-
dation of treatment response. Given the established
correlation between the MPR rate and DFS, as reported
in prior investigations,17 the MPR rate was employed to
calculate the necessary sample size and assess treatment
response. For this purpose, Simon’s admissible two-
stage design was employed.22 Therefore, we assumed
that the addition of sintilimab to chemotherapy would
increase the MPR rate from 8.9% to 35%
(Supplementary Table S1). The sample size was calcu-
lated to be 29 (17 patients in the first stage and 12 in the
second stage). In the first stage, the study would be
concluded if ≤ 2 patients achieved MPR, indicating a
negative outcome. Conversely, if > 2 patients achieved
MPR, the study proceeded by enrolling additional 12
patients. Considering the sample size calculation results
and sufficient funding, one additional patient was
enrolled to increase the sample size, resulting in a final
enrolment of 30 patients. Moreover, when eight people
were enrolled, the number of MPR exceeded two.
Therefore, the inclusion of the enrolled patients did not
affect the efficacy measures in the first stage. The type 1
error rate was set to 0.05. The outlined protocol yielded
95% statistical power to detect an MPR rate of 35%
under the alternative hypotheses.

The intention-to-treat population was also analysed.
Data are expressed through descriptive statistics such as
mean, standard deviation, median, maximum, and
minimum interquartile range (IQR) values. Enumera-
tion and ranked data are presented as counts (pro-
portions) and corresponding percentages. Subsequent
post-hoc comparisons involved categorising patients
based on factors such as pathological remission, PD-L1
expression, and adjuvant therapy. Spearman’s correla-
tion coefficient was used to analyse the correlation be-
tween radiological and pathological remission. The exact
two-sided 95% confidence intervals (CIs) were
computed using the Clopper–Pearson method. The
Kaplan–Meier method was employed to estimate DFS
and OS rates. The median follow-up duration and cor-
responding interquartile range (IQR) were determined
through reverse Kaplan–Meier method. Statistical
www.thelancet.com Vol 68 February, 2024
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analyses were performed using the R software (ver. 3.6.1
and 4.3.0, Vienna, Austria). The ’waterfalls’ package
(ver. 1.0.0) was used to draw waterfall plots; the’ ggplot2’
package (ver. 3.4.2) was used to draw scatter plots and fit
straight lines, and the ‘survival’ package (ver. 3.5.5) and
‘survminer’ package (ver. 0.4.9) were used to construct
the survival functions. The GraphPad PRISM (ver. 8,
GraphPad Software, Inc., California, USA) was used to
draw the swim lane diagrams and box plots. Statistical
significance was set at p < 0.05.

Role of funding source
This study did not receive any financial support.
Results
Patients and treatment
Between March 20, 2020, and August 20, 2021, 30 pa-
tients diagnosed with stage IIIA/IIIB NSCLC were
enrolled in the study (see Table 1 and Fig. 1). Among
these patients, 26 (86.7%) had squamous cell lung
cancer, while four were diagnosed with adenocarci-
noma. Additionally, 20 patients (66.7%) were catego-
rized as potential stage IIIA, as per the definition
Characteristic All Patients (%) (N = 30)

Age, y

Mean ± SD 58.6 ± 8.1

Median (IQR) 60.5 (53.5–64.0)

Sex, n (%)

Female 1 (3.3)

Male 29 (96.7)

Smoking History, n (%)

No 2 (6.7)

Yes 28 (93.3)

Histological Type, n (%)

Adenocarcinoma 4 (13.3)

Squamous cell 26 (86.7)

Staging, n (%)

IIIA 20 (66.7)

IIIB 10 (33.3)

T staging, n (%)

T1-3 12 (40.0)

T4 18 (60.0)

N staging, n (%)

N1 12 (40.0)

N2 18 (60.0)

PD-L1 expression, n (%)

<1 14 (46.7)

1–49 8 (26.7)

≥50 8 (26.7)

Neoadjuvant cycles, n (%)

2 14 (46.7)

3 16 (53.3)

Table 1: Baseline demographic characteristics.

www.thelancet.com Vol 68 February, 2024
provided by the eighth edition of the TNM classification
for Lung Cancer-IASLC. The remaining patients were
classified as having a potentially resectable stage IIIB
disease. Furthermore, 18 patients (60.0%) had T4 dis-
ease, and an equal number presented with N2 involve-
ment. Of the 30 patients, 20 underwent successful
surgery and all achieved R0 resection status. Within this
group, 12 patients (60%) underwent lobectomy, while
the remaining eight (40%) underwent left total pneu-
monectomy. Notably, there were no instances of
treatment-related surgical delays, surgery-related deaths,
or conversion to open surgery. The average time be-
tween diagnosis and surgery was 82.6 days, and the
average interval between surgery and adjuvant therapy
was 56.9 days. The remaining ten patients did not un-
dergo surgery (see Supplementary Table S2); seven
fulfilled the surgical criteria but three declined owing to
personal reasons and four missed the surgical window
because of COVID-19 epidemic isolation. Three of the
ten patients did not meet the surgical criteria because
their lesions were deemed unresectable. The subset of
ten patients who did not undergo surgery received
chemoimmunotherapy and radiotherapy (Fig. 2).

Efficacy
Radiological and pathological remission
Based on the RECIST 1.1 criteria, 29 of the 30 patients
(96.7%) achieved disease control (complete response
[CR]+partial response [PR]+stable disease [SD]).
Among them, 16 (53.3%) achieved a PR, and 13
(43.3%) maintained SD (Fig. 3a). The disease control
rate was 96.7% (95% CI: 90.3%–99.99%), while the
ORR was 55% (95% CI: 37.2%–72.8%). No CR was
observed. Notably, the downstaging rate was 80% (95%
CI: 65.7%–94.3%).

Regarding pathological response rates in the sub-
group of 20 patients who underwent surgery, 13 in-
dividuals (65.0%; 95% CI: 43.3%–82.9%) demonstrated
a significant MPR. Of these 13 patients, eight (40.0%;
95% CI: 21.2%–46.3%) achieved pCR (Fig. 3b). All pa-
tients with pCR had squamous cell NSCLC. Differenti-
ating between patients who received two and three
cycles of neoadjuvant therapy, the MPR rates were
30.0% (3 out of 10) and 50.0% (5 out of 10), respectively.
The MPR and pCR rates were 43.3% and 26.7%,
respectively, for the entire ITT patient population. Dis-
crepancies between radiological and pathological
remission were observed (Fig. 3c and Supplementary
Table S3).

DFS and OS
As of 31 August, 2023, the median follow-up duration
was 39.7 months. Of the 20 patients who underwent
surgery, 15 (75%) remained recurrence-free, and neither
the median DFS nor OS was reached. Up to this point,
25 of the 30 patients survived, with one patient (who did
not undergo surgery) passing away owing to an
5
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Fig. 1: Consort flow chart of participants.
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unrelated car accident. Among the four deceased pa-
tients who underwent surgery, one succumbed to
infection resulting from postoperative bronchopleural
fistula (BPF) 3 months after left pneumonectomy, while
the remaining three patients died owing to lung cancer.
Fig. 2: Follow-up, recurrence, type of surgery, and
The 2-year DFS rate in the surgery group and the 2-year
EFS rate in the ITT population were recorded at 75%
(95% CI 56%–94%) and 67% (95% CI 50%–84%),
respectively. Furthermore, the 2-year OS rates for the
surgery group and ITT population were 80% (95% CI
staging details for the 30 enrolled patients.

www.thelancet.com Vol 68 February, 2024
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Fig. 3: Radiological and pathological remission. a. Pathological remission. b. Radiological remission. c. Correlation between pathological
remission and radiological remission. No correlation was found between pathological remission and radiological remission. Confidence band
(the gray area) was 95% CI.
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63%–97%) and 83% (95% CI 70%–97%), respectively
(Fig. 4).

In the subgroup analysis, no instances of recurrence
were observed among the MPR group. Notably, the MPR
group exhibited significantly prolonged DFS than that of
the non-MPR group (p = 0.00024) (Fig. 5a). Conversely,
there was no significant correlation between radiological
remission and DFS (Fig. 5b). Similar findings were noted
between PD-L1 negative and PD-L1 ≥ 1% subgroups,
although a statistically significant correlation between
PD-L1 expression and DFS was not observed (refer to
Fig. 5c). Of these patients, 12 underwent adjuvant che-
moimmunotherapy, while eight underwent adjuvant
chemotherapy alone; both groups displayed a two-year
DFS rate of 75% (Fig. 5d). To account for the potential
impact of MPR or pCR ratios, separate analyses were
conducted for the MPR, non-MPR, immune-adjuvant
therapy, pCR, non-pCR, and immune-adjuvant therapy
subgroups (Fig. 5e–f). Immune adjuvant therapy had a
notable impact on DFS in the non-MPR group but not in
the non-pCR group. Ten patients underwent two cycles of
chemoimmunotherapy, and 10 patients underwent three
cycles of chemoimmunotherapy. There was no
a b c

Fig. 4: Survival data. a. 2-year DFS rate for patients who underwent surg
underwent surgery. d. OS for ITT patients. The imaginal line indicated th

www.thelancet.com Vol 68 February, 2024
statistically significant difference between the two DFS
groups (Supplementary Figure S2). Notably, seven pa-
tients who met the surgical criteria did not undergo
surgery and hence were treated with two additional cycles
of immunochemotherapy and radiotherapy after radio-
logical remission evaluation. Additional details are pro-
vided in Supplementary Table S2. The 2-year EFS rate
was 57%. In comparison to surgical patients, the benefits
of chemoimmunotherapy combined with radiotherapy
for EFS were somewhat less pronounced, although the
difference was not statistically significant (Fig. 5g). De-
mographic variables, such as age, sex, smoking history,
and histological type, were not significantly related to the
2-year DFS rate (Supplementary Table S4).

Safety
Among the 30 enrolled patients, 22 (73%) experienced
treatment-related adverse events (TRAEs) during neo-
adjuvant treatment (Supplementary Table S5). Half of
these TRAEs were of grade 1 or 2 severity (15 out of 30,
50%), encompassing conditions such as alopecia (67%),
nausea (47%), and asthenia or fatigue (40%) (Fig. 6 and
Supplementary Table S5). Immune-related adverse
d

ery is 75%. b. 2-year EFS rate for ITT patients. c. OS for patients who
e 2-year survival rate.

7

www.thelancet.com/digital-health


Fig. 5: Subgroup analysis for DFS. a. There was a significant difference in DFS between MPR and non-MPR patients. b. No substantial correlation
was found between radiological remission and DFS. c. There was no substantial correlation between PD-L1 expression and DFS. d. There was no
increase in the use of adjuvant immunotherapy, compared with the use of adjuvant chemotherapy, in all surgical patients. e. Immune adjuvant
therapy exhibited a notable impact on DFS in the non-MPR group. f. Immune adjuvant therapy exhibited no statistical impact on DFS in the non-
pCR group. g. In patients meeting the surgery criteria, the benefits of combining chemoimmunotherapy with radiotherapy for EFS were somewhat
less pronounced, although the difference did not attain statistical significance. The imaginal line indicated the 2-year survival rate.
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events (irAEs) of any grade were observed in nine pa-
tients (30%), including six (20%) at grade 1 or 2. No AE
led to dose reduction, treatment discontinuation, sur-
gical delay, or death during the neoadjuvant treatment.
Furthermore, seven of the 30 patients (23%)
Fig. 6: Advers
experienced grade 3 or higher treatment-related AEs
during adjuvant therapy, which included three irAEs.
These grade 3 or higher irAEs included an instance of
increased myocardial enzyme levels at grade 3, one case
of interstitial pneumonia at grade 3, and one instance of
e effects.

www.thelancet.com Vol 68 February, 2024
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BPF at grade 5. Increased myocardial enzyme levels and
interstitial pneumonia necessitated the discontinuation
of adjuvant sintilimab. After discontinuation and
symptomatic management, all patients recovered fully
without any lingering effects. Notably, four patients
(13%) encountered postoperative BPF, a rare occurrence
in previous studies. Among these cases, three were of
grade 1–2 severity, and one was classified as grade 5.
Adjuvant therapy was delayed in conjunction with the
management of BPF, and no further instances of BPF
were reported. No other grade 4 or 5 treatment-related
AEs were observed. Generally, the combination of neo-
adjuvant sintilimab and chemotherapy was well-
tolerated.

Exploration of potential biomarkers
A noteworthy increase in the counts of infiltrating CD4+
(T cells), CD8+ (T cells), and CD20+ (B cells) cells was
observed following neoadjuvant chemoimmunotherapy,
accompanied by a significant reduction in the number
of infiltrating FoxP3+ (Treg cells) cells (Fig. 7a–b).
Additionally, a statistically significant difference in the
H-score of CD8 between the MPR and non-MPR groups
was observed in both the pretreatment and post-
operative specimens (Fig. 7c). There was a visible in-
crease in the counts of infiltrating CD86+ (M1
macrophages) and CD56+ (NK cells) cells, along with a
Fig. 7: IHC of biomarkers and DFS rate. a-b. A noteworthy increase in t
subsequent to neoadjuvant chemoimmunotherapy, accompanied by a sig
was a statistically significant distinction in the H score of CD8 between th
distinction was noted between pretreatment overexpression of CD8 and D
and pretreatment CD8 H score ≥3 concurrently.

www.thelancet.com Vol 68 February, 2024
declining trend in CD163+ (M2 macrophages) and
CD11b+ (myeloid-derived suppressor cells, MDSC);
however, these trends were not statistically significant
(Supplementary Figure S3). IHC score analysis and
their relationship with DFS revealed that pretreatment
overexpression of CD8 was significantly correlated with
DFS (p = 0.00019) (Fig. 7d). Conversely, no significant
correlations were observed between DFS and bio-
markers of CD4, CD20, and FoxP3 (Supplementary
Figure S4). We investigated the association between
DFS and the dual factors CD8 and PD-L1. The outcomes
indicated that optimal DFS was associated with both PD-
L1 positivity and a pretreatment CD8 H score of ≥3;
however, pretreatment CD8 expression remained the
predominant factor influencing this relationship (refer
to Fig. 7e). Considering that some clinical factors might
also jointly affect DFS, a multivariate analysis was con-
ducted using pretreatment CD8 expression, staging, and
the number of neoadjuvant cycles. The results showed
that only pre-treatment CD8 expression had predictive
significance for DFS (Supplementary Table S4).
Discussion
To the best of our knowledge, the Neo-Pre-IC trial is the
first phase 2 study evaluating neoadjuvant chemo-
immunotherapy (sintilimab plus chemotherapy) in
he counts of infiltrating CD4+, CD8+, and CD20+ cells was observed
nificant reduction in the number of infiltrating FoxP3+ cells. c. There
e MPR (green) and non-MPR (red) groups. d. A statistically significant
FS (p = 0.00019). e. Optimal DFS was associated with PD-L1 positivity
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patients with potentially resectable stage III NSCLC,
utilising a 2-year DFS endpoint. Additionally, this study
investigated the role of PD-L1 expression and tumour
immune microenvironment (TIME) subtype as predic-
tive biomarkers in neoadjuvant chemoimmunotherapy.
The results demonstrated that neoadjuvant sintilimab,
in conjunction with chemotherapy, effectively trans-
formed potentially resectable NSCLC into resectable
NSCLC, with a conversion rate of 80% and a resection
rate of 66.7%. Moreover, the achieved 2-year DFS was
75% (with a median follow-up period of 39.7 months),
aligning closely with outcomes from other neoadjuvant
chemoimmunotherapy trials17–19 such as NADIM (stage
IIIA with N2 positive, 2-year EFS 77.1%), Checkmate
816 (stage IB-IIIA, 2-year EFS 63.8%), and SAKK 16/14
(stage IIIA with N2 positivity, 2-year EFS 68%). The
management of potentially resectable stage III NSCLC
remains controversial. Neoadjuvant chemotherapy fol-
lowed by surgery and concurrent chemoradiotherapy are
established treatment options. For potentially resectable
NSCLC, neoadjuvant chemoimmunotherapy seems to
offer a substantial 2-year DFS advantage over neo-
adjuvant chemotherapy alone (2-year DFS 40%–

50%).14,15 Similarly, the inclusion of durvalumab (2-year
PFS, 46.0% vs. 26.1%) or sugemalimab (2-year PFS,
42.5% vs. 34.0%) as consolidation therapy following
chemoradiation significantly improved PFS compared
to placebo for patients with unresectable stage III
NSCLC.10,11 Despite the efficacy of consolidation
immunotherapy in patients with locally advanced
NSCLC, its effectiveness remains unsatisfactory,
particularly when compared to patients who experienced
downstaging and had surgical opportunities. Therefore,
further investigation into the effect of neoadjuvant
chemoimmunotherapy on downstaging is warranted for
potentially resectable NSCLC. We plan to continue
follow-ups to confirm the durability of long-term
survival.

Published trials23,24 have reported MPR rates ranging
from 19% to 45% in monotherapy with neoadjuvant
immunotherapy and 50% in dual ICI therapy. The
combination of chemotherapy and immunotherapy as
neoadjuvant treatment has further elevated MPR rates.
Additionally, neoadjuvant chemoimmunotherapy has
yielded pCR rates ranging from 9% to 63% in localised
NSCLC.17,25,26 In our trial, the MPR rate was 65%, in-
clusive of a 40% pCR rate. This finding is consistent
with those of previously published trials that investi-
gated neoadjuvant chemoimmunotherapy.17–19,27 More-
over, patients achieving MPR or pCR displayed an
improved DFS or EFS in previous studies.18,19,27

Consistent with these findings, our trial showed a
robust association between MPR and DFS, contributing
to a significant 2-year DFS benefit (100% vs. 29%,
p = 0.00024). This pronounced association between
MPR and clinical benefit underscores that, in potentially
resectable NSCLC, surgery followed by neoadjuvant
sintilimab combined with chemotherapy confers a sig-
nificant advantage over consolidation immunotherapy
followed by chemoradiotherapy. The association be-
tween the pathological response and survival benefits
warrants further evaluation in ongoing neoadjuvant
therapy trials involving patients with NSCLC.

Studies exploring the utilisation of neoadjuvant
immunotherapy or combinations of chemo-
immunotherapies have demonstrated the viability of
this approach and encouraging outcomes in terms of
pathological response rates. However, concerns about
the immune-mediated toxicities associated with check-
point inhibition are significant when employing this
novel treatment strategy.

Thirty patients were enrolled in our trial, of which 20
underwent surgery. Among the remaining 10 patients
who did not undergo surgery, seven met the surgical
criteria but three declined surgery for personal reasons
and four were unable to undergo surgery owing to
COVID-19 pandemic isolation. Three of the ten patients
did not meet the surgical criteria because of unresect-
able lesions. This trial reaffirms the safety of adminis-
tering pre-treatment chemotherapy and sintilimab. In
this study, 13% (4/30) of patients developed BPF, which
led to the death of one patient. An Interim analysis had
previously addressed this issue,28 underscoring the
importance of reinforcing the bronchial stump, partic-
ularly for neoadjuvant immunochemotherapy, where
the risk of BPF is elevated. Following an increased focus
on preventing BPF, no other cases of BPF were observed
among the operated patients with stage IIIA/IIIB dis-
ease during the subsequent period. Moreover, there
were no indications of heightened surgical complica-
tions such as infections, wound dehiscence, or pro-
longed hospital stay.

Unlike the NADIM and SAKK 16/14 trials17,19 where
patients received adjuvant immunotherapy for 1 year
postoperatively, other neoadjuvant trials did not follow
the same pattern. Additionally, the duration and neces-
sity of adjuvant immunotherapy in neoadjuvant che-
moimmunotherapy trials for NSCLC remain unclear.
Our analyses indicated that the inclusion of adjuvant
immunotherapy may extend DFS, although statistical
significance was not achieved. Further analysis was
performed to explore the relationship between DFS and
adjuvant immunotherapy based on MPR status. Inter-
estingly, immune adjuvant therapy did not affect DFS in
the MPR or pCR groups but did affect the non-MPR
group. This prompts the question of whether patients,
particularly those achieving a pCR or MPR, can benefit
from adjuvant immunotherapy, which warrants further
investigation. This highlights the need to identify suit-
able predictive biomarkers for early patient selection.

Currently, there are no established biomarkers for
predicting therapeutic response in the context of neo-
adjuvant chemoimmunotherapy. Biomarkers play
crucial roles in clinical trials. PD-L1 expression has been
www.thelancet.com Vol 68 February, 2024
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extensively studied as a potential marker, primarily in
advanced stage NSCLC cases.29,30 However, our analyses
revealed that DFS was not influenced by PD-L1
expression in patients undergoing neoadjuvant chemo-
immunotherapy. The TIME has a significant influence
on the immunotherapy response owing to its central
role in complex interactions between tumour cells and
the immune system. Few studies have investigated the
TIME of neoadjuvant chemotherapy, and its prognostic
value in neoadjuvant chemoimmunotherapy for NSCLC
has received less attention. Given that various immune
cell components are associated with the clinical benefits
of immunotherapy, we examined the infiltration levels
of CD4+ TIL, CD8+ TIL, CD20+ B cells, FoxP3+ Treg
cells, CD56+ NK cells, CD86+ M1 macrophages,
CD163+ M2 macrophages, and CD11b+ MDSCs in
tumour tissue specimens before and after neoadjuvant
chemoimmunotherapy. Therefore, this study aimed to
explore their prognostic significance. As anticipated, we
observed significant increases in CD4+ TIL, CD8+
TIL, and CD20+ B cells, along with a decrease in
FoxP3+ Treg cells, following neoadjuvant chemo-
immunotherapy. This suggests that this treatment
approach reshapes the TIME, reduces immunosup-
pression, and enhances immune cell attacks against
tumours. Notably, high expression of naïve CD8+ TIL
was associated with longer DFS (p = 0.00019), which
was not observed for other immune cell types. This in-
dicates that naïve CD8+ TIL expression could potentially
serve as a predictive biomarker for DFS in patients with
potentially resectable NSCLC who are undergoing neo-
adjuvant chemoimmunotherapy. Further investigations
are required to explore whether this correlates with OS.
Moreover, patients with high PD-L1 expression and
high naïve CD8+ TIL expression exhibited the best DFS
outcomes in our study. Notably, some subgroups in this
analysis were small, thus limiting the statistical power of
the findings. The potential impact of a TIME classifi-
cation model that integrates PD-L1 and CD8+ TIL
expression requires further validation.

The present study had some limitations. First, it
was a single-arm study with a small sample size and a
limited follow-up period. Consequently, the results of
the reported comparisons are exploratory and hypoth-
esis generating. Another limitation is that the number
of pre- and post-therapy samples and the number of
tissues derived from resected tumours were limited.
Therefore, some of the subgroups in the analysis of
potential biomarkers were small, thus limiting the
statistical power of the findings. Additionally, four of
the 30 patients (13.3%) who participated in this study
could not undergo surgery owing to the city lockdown
during the COVID-19 pandemic. Furthermore, in our
study, most participants (96.7%) were male, while only
3.3% were female. This bias was considered to be
associated with the inclusion criteria. We only enrolled
patients with ‘potentially resectable’ locally advanced
www.thelancet.com Vol 68 February, 2024
stage III NSCLC, the majority of whom had higher-
stage central lung cancers with pericardium, large
blood vessels, or tracheal invasion. Male patients ac-
count for a high percentage of these locally advanced
stage III patients, a trend consistent with findings in
other studies, such as GEMSTONE-301 and a real-
world study.11 Therefore, more male patients with
locally advanced stage III lung cancer were enrolled in
our study, aligning with findings from previous re-
ports. This represents another limitation of our data,
making it challenging to conduct thorough subgroup
analyses based on sex in our results. Future studies
should aim to enrol more participants to better assess
the influence of sex on the findings.

Neoadjuvant chemoimmunotherapy for patients
with potentially resectable stage IIIA/IIIB NSCLC has
expanded the opportunities for achieving R0 resec-
tion in initially unresectable cases. Similar patholog-
ical response rates were observed in the NADIM II
trial (neoadjuvant chemoimmunotherapy for resect-
able IIIA/IIIB NSCLC), which extended the 2-year
DFS rate (75%) compared with the rate achieved via
concurrent chemoradiotherapy and consolidation
immunotherapy for unresectable IIIA/IIIB NSCLC
(2-year PFS rate, 42.5%–46.0%). Notably, this study
reported fewer grade 3 TRAEs than those in the
NADIM trial. Furthermore, the study identified pre-
treatment overexpression of CD8 (H score≥3) as a
potential predictor of DFS. Collectively, these find-
ings suggest that the treatment paradigm for poten-
tially resectable stage IIIA/IIIB NSCLC may
transform in the future.
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