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Background: In recent years, a series of clinical trials have explored the application of neoadjuvant
immunotherapy or chemoimmunotherapy in non-small cell lung cancer (NSCLC). However, no randomized
control trials comparing neoadjuvant immunotherapy with chemoimmunotherapy have yet been reported.
This study aimed to summarize and compare the efficacy and safety of neoadjuvant immunotherapy and
chemoimmunotherapy in NSCLC.

Methods: Literature focusing on the efficacy and safety of neoadjuvant immunotherapy or
chemoimmunotherapy in NSCLC published before June 2021 was retrieved from PubMed, Embase, and
the Cochrane Library. Study endpoints included major pathological response (MPR), complete pathological
response (pCR), treatment-related adverse events (TRAEs), severe adverse events (SAEs), resection rate,
surgical delay rate, and conversion to thoracotomy. The risk of bias was assessed using the Cochrane bias risk
assessment tool. Subgroup and sensitivity analyses were further performed.

Results: A total of 988 patients from 16 studies were included in this meta-analysis. For patients who
received neoadjuvant immunotherapy with single/combined ICIs or chemoimmunotherapy, the pooled
MPR rate was 43.5% and the pooled pCR rate was 21.9%. The pooled incidence of TRAEs and SAEs were
54.8% and 15.3%, respectively. The pooled resection rate was 85.8%, the surgical delay rate was 7.4%, and
the conversion rate was 17.4%. Patients who received neoadjuvant chemoimmunotherapy had remarkably
improved pathological response (MPR rate: 53.3% wvs. 28.6%; pCR rate: 28.6% vs. 9.9%) compared with
those receiving neoadjuvant single-agent immunotherapy, while the incidence of SAEs (18.0% vs. 12.3%)
and surgical delay rate (3.8% vs. 7.4%) did not significantly increase. Neoadjuvant nivolumab combined with
ipilimumab also achieved a high pCR rate (28.6%) with tolerable toxicity. Nivolumab- and pembrolizumab-
based neoadjuvant therapy showed a higher MPR rate (nivolumab 51.5%, pembrolizumab 46.8%) and pCR
rate (nivolumab 29.1%, pembrolizumab 31.5%). Besides, patients with positive programmed death-ligand

1 (PD-L1) expression [tumor proportion score (TPS) >1%] exhibited favorable pathological responses than
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PD-L1 negative patients.

Discussion: Overall, neoadjuvant immunotherapy or chemoimmunotherapy is effective and safe in

NSCLC. Compared with single-agent immunotherapy, neoadjuvant chemoimmunotherapy provides a

significant improvement in pathological response without increasing the incidence of SAEs or surgical delay.

These results need further confirmation by more large-scale randomized controlled trials.
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Introduction

According to the 2020 global cancer statistics, non-small
cell lung cancer (NSCLC) accounts for 80-85% of all lung
cancers worldwide and remains the leading cause of cancer
deaths (1). Approximately 70% of NSCLC patients are
diagnosed at an advanced stage, leading to a 5-year survival
rate less than 18% even after comprehensive treatment (2).
Over the past decades, the early detection of NSCLC has
gradually increased with the wider adoption of chest low-
dose CT as a screening modality (3). For patients diagnosed
with stages I, I, and selected stage III NSCLC, surgical
resection with curative intent is considered to be the best
treatment option. However, only 20-25% of tumors overall
are suitable for potential curative resection. Moreover,
these patients have a high risk of postoperative recurrence,
ranging from 25% to 70% based on the disease stage (4).
Neoadjuvant therapy, defined as systemic anticancer
treatment given before surgery, is an accepted practice in
NSCLC (5). Compared with adjuvant therapy, neoadjuvant
therapy has potential advantages including early treatment
of micrometastasis, reducing tumor burden before surgery,
and better tolerability (6,7). Pathological remission,
including major pathological response (MPR) and complete
pathological response (pCR), is currently used as a surrogate
endpoint to predict survival benefit in clinical trials
focusing on neoadjuvant chemotherapy (8). A meta-analysis
conducted by the NSCLC Meta-analysis Collaborative
Group involving 15 randomized clinical trials in patients
with stages IB-IIIA disease has demonstrated that compared
with surgery alone, preoperative chemotherapy significantly
improves overall survival, time to distant recurrence, and
recurrence-free survival in resectable NSCLC (9). However,
the median rate of pCR from 15 trials of neoadjuvant
chemotherapy was only 4% (range, 0-16%), which suggests
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that more effective neoadjuvant therapy modalities are
required to further improve prognosis (10).
Immunotherapy with immune checkpoint inhibitors
(ICIs), which boost antitumor immunity by blocking
inhibitory signaling through checkpoint receptors expressed
on T lymphocytes and their ligands expressed in tumor
cells, has revolutionized the treatment of various cancers,
including NSCLC (4,11). In recent years, the use of ICIs
for the treatment of NSCLC has considerably increased.
Monoclonal antibodies that target the programmed cell
death protein 1/programmed death-ligand 1 (PD-1/PD-L1)
axis have been approved as first- and second-line treatments
for advanced NSCLC worldwide (12). So far, several clinical
trials have reported the efficacy and safety of neoadjuvant
immunotherapy (13-18) or chemoimmunotherapy (19-28)
in stages I-III NSCLC. Investigational ICls included PD-1/
PD-L1 inhibitors such as nivolumab (13,18,25,27,28),
pembrolizumab (16,20), sintilimab (15), durvalumab (26),
atezolizumab (14,19), avelumab (23), and a CTLA-4
inhibitor ipilimumab (24). In NSCLC patients who receive
preoperative immunotherapy, the naive tumor can serve as
a “vaccine” boosting the activation of T lymphocytes (29).
Based on available research data from previous studies,
patients who received neoadjuvant immunotherapy or
chemoimmunotherapy before surgery had improved
pathological response and downstaging of the tumor
compared to those who received neoadjuvant chemotherapy.
However, most of these studies are single-armed trials with
small sample sizes. On the other hand, while neoadjuvant
immunotherapy or chemoimmunotherapy offers numerous
advantages, immune-related adverse events (irAEs) have
attracted significant attention (30,31). The occurrence of
severe irAEs can lead to delayed surgical resection or even
death. Moreover, increasing complexity of the surgical
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field in the chest, which is caused by fibrosis and nodal
flares, has been observed in patients receiving neoadjuvant
immunotherapy, even with tumor downstaging (13). So far,
no data from randomized controlled trials on neoadjuvant
immunotherapy and chemoimmunotherapy have been
reported. Therefore, in order to improve the knowledge
of and compare the clinical benefits between neoadjuvant
immunotherapy and chemoimmunotherapy in NSCLC, a
meta-analysis on their efficacy and safety, based on current
data from clinical trials, is necessary.

Herein, we conducted a systematic review and meta-
analysis of clinical trials focusing on neoadjuvant
immunotherapy or chemoimmunotherapy in NSCLC. We
analyzed efficacy- and safety-related endpoints including
MPR, pCR, incidence of treatment-related adverse events
(TRAESs) and severe adverse events (SAEs), resection
rate, surgical delay rate, and conversion rate in resectable
stages [-IIT NSCLC patients who received neoadjuvant
immunotherapy or chemoimmunotherapy. We further
compared these endpoints among different treatment
modes and ICI types, and summarized the profiles of
TRAEs and SAEs. This meta-analysis was conducted
and reported in accordance with the PRISMA reporting
checklist (32) (available at https://tler.amegroups.com/
article/view/10.21037/tlcr-22-75/rc).

Methods
Literature search strategy and study selection

It was registered in PROSPERO with the registration number
CRD42021262202. We combined the English search terms
(“NSCLC?” or “carcinoma, non-small cell lung” or “non-
small cell lung cancer”) and (“neoadjuvant immunotherapy”
or “neoadjuvant chemoimmunotherapy” or “neoadjuvant
immune checkpoint inhibitor”) and (“surgery” or “resection”
or “lobectomy”) in PubMed, Embase, and the Cochrane
Library to identify articles published before 30 June 2021.
At the same time, we also searched the unpublished updated
data of ongoing clinical trials of neoadjuvant immunotherapy
or chemoimmunotherapy in NSCLC from international
congresses such as ASCO, AACR, ESMO, and other
congresses up to 30 June 2021. All publications were limited
to human subjects and English language.

Inclusion criteria of publications were defined according
to the PICOS criteria, which was listed as follows: (I)
patients: resectable stages I-III NSCLC which was
histologically confirmed in tissue; (II) intervention:
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neoadjuvant ICIs, including PD-1/PD-L1 inhibitors and
CTLA-4 inhibitors, either combined with chemotherapy
or not; (IIT) comparator: how effective and safe are the
different neoadjuvant treatment regimens; (IV) outcomes:
MPR, pCR, incidence of TRAEs, incidence of SAEs,
resection rate, surgical delay rate, and conversion to
thoracotomy; (V) study design: randomized controlled
trials, non-randomized controlled trials, prospective cohort
studies. Publications were excluded if they met any of
the following criteria: (I) retrospective studies; (II) anti-
NSCLC treatment was performed before neoadjuvant
therapy; (III) studies did not focus on any of the endpoints,
including MPR, pCR, incidence of TRAEs, incidence of
SAEs, resection rate, surgical delay rate, or conversion
rate; (IV) publications written in any other language than
English; (V) the number of enrolled patients was not more
than 10; (VI) repeated publications, case reports, comments,
expert opinion, and reviews; (VII) violation of any of the
above inclusion criteria. Subsequently, the full texts of the
relevant articles and conference abstracts were retrieved to
assess eligibility. References to relevant reports were also
reviewed manually to identify other studies. Two reviewers
(J, YW) independently screened titles and abstracts using
the above-mentioned search strategies to identify and
assess potentially eligible studies. Publications from the
reference lists of retrieved articles were also searched. The
full-texts of all potentially relevant trials and conference
abstracts were assessed using predefined eligibility criteria.
Disagreements were resolved by discussion with a third
researcher (ML).

Assessment of the risk of bias

According to the Cochrane Handbook for Systematic
Reviews of Interventions, the risk of bias of randomized
trials was assessed by the Cochrane risk-of-bias tool,
and that of non-randomized studies was assessed by the
ROBINS-I tool. The risk of bias of randomized studies
included selection bias (including random sequence
generation and allocation concealment), performance bias
(blinding of participants and personnel), detection bias
(blinding of outcome assessment), attrition bias (incomplete
outcome data), reporting bias (selective reporting), and
other biases. Non-randomized studies were assessed using
the ROBINS-I tool with respect to the following categories:
confounding, selection, intervention classification, deviation
from intervention, missing data, measurement of outcome,
and selection of reported result.
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Publication bias

Funnel plot, Egger’s test and Begg’s test were used to assess
the publication bias of included studies.

Data extraction

Two researchers (JJ] and YW) independently extracted
relevant data using a pre-designed form. Disputed data
were discussed with a third researcher (ML). The extracted
information were as follows: (I) study features, including
the first author, year of publication, basic study design,
main inclusion criteria of patients, neoadjuvant treatment
regimens, and sample size; (I) baseline characteristics of the
enrolled patients, including gender, age, and proportion of
squamous cell carcinoma; (IIT) data on endpoints, including
MPR, pCR, incidence of TRAEs, incidence of SAEs,
patients with resection, surgical delay rate, and conversion
to thoracotomy. To ensure the homogeneity of different
studies, the MPR rate, pCR rate, resection rate, surgical
delay rate, and conversion rate were all defined as the ratio
to the total number of the intention-to-treat population for
meta-analysis. The extracted data were mostly represented
by counts and percentages.

Definitions of endpoints

The pathological responses of patients, including MPR
and pCR, were used to evaluate the efficacy of neoadjuvant
immunotherapy or chemoimmunotherapy. MPR was
defined as no more than 10% viable tumor cells remaining
in tumors and lymph nodes on postoperative pathological
review, and pCR was defined as no viable tumor cells
remaining on postoperative pathological review. The
safety-related endpoints included neoadjuvant TRAEs,
SAEs, resection rate, surgical delay rate, and conversion to
thoracotomy. TRAEs and SAEs were evaluated according
to the Common Terminology Criteria for Adverse Events
(CTCAE). SAEs were defined as grade 3-5 TRAEs.
The resection rate referred to the ratio of patients who
underwent surgical resection to the intention-to-treat
population. The surgical delay rate was defined as the
ratio of patients with surgical delay caused by TRAEs to
the intention-to-treat population. The conversion rate
referred to the ratio of patients scheduled to undergo video-
assisted thoracoscopic surgery (VATS) or robotic approach
but converted to thoracotomy during the operation due
to surgical difficulty, complexity, and/or unexpected
complications.
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Statistical analysis

Data analysis was performed using Review Manager
Software (version 5.4). Since most of the included studies
were single-arm clinical trials, we performed meta-
analysis with non-comparative binary data of MPR, pCR,
adverse events, resection, and conversion in Review
Manager Software, as described in a previous study (33).
Briefly, the log[odds ratio] of an endpoint and its standard
error (SE) were calculated with the following formula:
log[odds ratio]:ln(X/(n—x)); SE:W; where X
refers to the number of events, and n refers to the total
number of patients. Then, log[odds ratio] and SE were
input into the Review Manager Software for analysis. Odds
ratio (OR) and 95% confidence interval (CI) were the
effect measures. Finally, the pooled prevalence (P) of an
endpoint and its 95% CI were calculated with the following
formula: P = OR/(1 + OR); lower limit (LL) of 95% CI =
LLog/(1 + LLog); upper limit (UL) of 95% CI = ULp/(1
+ ULgR). The ¢’ test and I test were used to evaluate the
heterogeneity of the enrolled studies. If the heterogeneity
was significant, the random effects model was adopted for
meta-analysis; otherwise, the fixed effects model was used.
We further performed subgroup analysis and sensitivity
analysis to explore the sources of heterogeneity. For
subgroup analysis based on PD-L1 expression, histology and
smoking status, available individual data was extracted from
each study, and the Mantel-Haenszel random effect method
was used to obtain the pooled OR and the corresponding
95% CI. A sensitivity analysis was performed by removing
one study at a time to evaluate whether the results could
be significantly affected by a single study. Significance was
fixed at P<0.05 (two-tailed).

Results
Literature search results

The literature search and study selection process are shown
in Figure 1. The search strategy identified a total of 663
records. After removing duplicate records, the titles and
abstracts of 344 records were screened, and 312 records
were excluded as they did not meet the inclusion criteria.
Full-text articles or conference abstracts of 32 studies were
read in detail and further assessed for eligibility. Finally, a
total of 16 studies and 988 NSCLC patients were enrolled
for quantitative meta-analysis. Study characteristics were
shown based on the categories of neoadjuvant treatment
regimens (Table 1). Among these studies, 14 were single-arm
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Figure 1 Flow chart of literature search and study selection.

open-label cohort studies, and the other 2 were dual-arm open-
label randomized trials. The Provencio 2020 (28), Rothschild
2021 (26), and Wang 2021 (21) studies enrolled patients
with stage III NSCLC. Six studies focused on neoadjuvant
immunotherapy alone (including 1 study on dual ICIs), while
the other 10 explored the efficacy and safety of neoadjuvant
chemoimmunotherapy. Investigational ICIs included
nivolumab, pembrolizumab, atezolizumab, durvalumab,
sintilimab, ipilimumab, and avelumab. The risk of bias of
randomized trials and non-randomized studies were assessed
using the Cochrane risk-of-bias tool and ROBINS-I tool,
respectively, which was displayed in Figure S1. Publication
bias of included studies was overall limited, as suggested by
funnel plots (Figure S2).

Pooled analysis of efficacy- and safety-related endpoints

Research data on efficacy- and safety-related endpoints in
these clinical trials are shown in Zable 2. We firstly conducted
a meta-analysis of the MPR rate, pCR rate, incidence of
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TRAEs and SAEs, resection rate, surgical delay rate, and
conversion rate for all studies (Figure 2 and Table 3). The
pooled MPR rate was 43.5% (95% CI: 32.4-55.0%) and
the pooled pCR rate was 21.9% (95% CI: 15.3-30.6%).
There was significant heterogeneity for both MPR (P<0.001,
I’=85%) and pCR (P<0.001, I’=81%), so the random effects
model was adopted. The pooled incidence of TRAEs and
SAEs were 54.8% (95% CI: 41.5-67.3%) and 15.3% (95%
CI: 10.7-21.3%), respectively. The pooled resection rate
was 85.8% (95% CI: 80.4-89.8%) and the pooled surgical
delay rate was 7.4% (95% CI: 3.8-12.3%). Only 3 studies
reported the incidence of conversion to thoracotomy. The
pooled conversion rate based on these studies was 17.4%
(95% CI: 7.4-35.9%). The random effects model was used
for meta-analysis of the above endpoints due to significant
heterogeneity among the included studies. It is worth
mentioning that only patients who received neoadjuvant
ICIs were included in the pooled analysis of these endpoints.
Therefore, those who received neoadjuvant chemotherapy
alone in the CheckMate 816 trial were excluded herein.
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Figure 2 Forest plot of the efficacy and safety of neoadjuvant immunotherapy and chemoimmunotherapy. (A) MPR rate; (B) pCR rate;

(C) incidence of TRAEs; (D) Incidence of SAEs; (E) resection rate; (F) surgical delay rate; (G) conversion rate. MPR, major pathological

response; pCR, complete pathological response; TRAE, treatment-related adverse event; SAE, severe adverse event; SE, standard error; IV,

inverse variance; CI, confidence interval.

Exploratory subgroup analysis

Neoadjuvant treatment modes

To identify the potential sources of heterogeneity,
exploratory subgroup analysis was performed. Among all
the included studies, there were 4 kinds of neoadjuvant
treatment modes used in patients with resectable NSCLC,
including ICI plus chemotherapy, mono-ICI, dual ICIs
(nivolumab plus ipilimumab), and chemotherapy alone.
Subgroup analysis based on neoadjuvant treatment modes
is shown in Figure 3 and Table 3. The pooled MPR rates
for ICI plus chemotherapy, mono-ICI, dual ICIs, and
chemotherapy alone were 53.3% (95% CI: 40.5-65.8%),
28.6% (95% CI: 18.7-40.8%), 38.3% (95% CI: 20.6-
59.7%), and 9.1% (95% CI: 5.7-13.8%), respectively. A
significant difference was observed among these subgroups

© Translational Lung Cancer Research. All rights reserved.

(P<0.001) (Figure 3A4). The pooled pCR rates for ICI plus
chemotherapy, mono-ICI, dual ICIs, and chemotherapy
alone were 28.6% (95% CI: 20.0-38.7%), 9.9% (95% CI:
5.7-15.3%), 28.6% (95% CI: 13.8-50.7%), and 2.0% (95%
CI: 1.0-5.7%), respectively. The difference in the pCR rate
among subgroups was also statistically significant (P<0.001)
(Figure 3B). These results highlight the advantages of
neoadjuvant chemoimmunotherapy and dual ICIs over
other treatment modes in terms of pathological response.
The incidence of TRAEs in patients who received
neoadjuvant chemoimmunotherapy tended to be higher
[73.9% (95% CI: 43.2-91.3%)] compared with the mono-
ICI [42.9% (95% CI: 32.4-53.9%)] and chemotherapy
alone [49.7% (95% CI: 42.5-57.1%)] subgroups (Figure
3C). However, no significant difference was found (P=0.15).

Transl Lung Cancer Res 2022;11(2):277-294 | https://dx.doi.org/10.21037/tler-22-75



Translational Lung Cancer Research, Vol 11, No 2 February 2022

285

Table 3 Comparison of endpoints among different subgroups after neoadjuvant immunotherapy

Subgroups  MPRrate 85% O) pORrato(85% O 1 tlSCCT | LT oGy s Oy ok Q)
Pooled 43.5(32.4-55.0) 21.9 (15.3-30.6)  54.8 (41.5-67.3) 15.3 (10.7-21.3) 85.8 (80.4-89.8) 7.4 (3.8-12.3) 17.4 (7.4-35.9)
Treatment mode
ICI + chemo 53.3 (40.5-65.8) 28.6 (20.0-38.7)  73.9 (43.2-91.3) 18.0(12.3-26.5) 84.4 (75.8-90.3) 3.8 (1.0-13.0) -
Mono-ICI 28.6 (18.7-40.8) 9.9(5.7-15.3)  42.9(32.4-53.9) 12.3(6.5-21.3) 89.2(84.9-92.4) 7.4 (4.8-11.5) -
Dual ICls 38.3 (20.6-59.7) 28.6 (13.8-50.7) - 9.9 (2.0-31.0) 76.2(53.9-89.7) 13.0(9.9-18.0) -
Chemo 9.1 (5.7-13.8) 2.0 (1.0-5.7) 49.7 (42.5-57.1) 20.6 (15.3-27.0) 75.4 (68.6-81.2) 7.4 (4.8-12.3) -
P value <0.001 <0.001 0.15 0.32 0.002 0.02 -
ICl types
Nivolumab 51.5 (32.4-70.0) 29.1 (16.0-46.2)  60.0 (22.5-88.5) 18.7 (12.3-27.5) 84.9 (80.3-88.6) 12.3 (6.5-23.1) -
Pembrolizumab  46.8 (15.3-81.1)  31.5(18.0-49.2) 64.4 (47.6-78.2) 12.3 (3.8-35.5) 95.5(76.0-99.3) 1.0 (0.0-6.5) -
Durvalumab 48.5 (37.1-60.3) 14.5 (8.3-25.4) - - 86.1 (82.6-89.0) - -
Atezolizumab 33.3 (7.4-75.9) 145(2.0-58.2) 41.5(34.6-48.7) 9.1 (5.7-14.5) 87.7(82.5-91.5) 6.5 (2.0-18.7) -
Sintilimab 37.5 (24.2-53.3) 15.3 (6.5-29.6)  52.6 (37.1-67.3) 9.9 (3.8-23.7) 92.5(79.2-97.6) 4.8 (1.0-18.0) -
Avelumab 20.0 (6.5-47.1) 6.5 (1.0-35.1) - 26.5 (10.7-53.3) 73.3 (46.8-89.6) - -
P value 0.39 0.18 0.06 0.11 0.22 0.07 -

ICl, immune checkpoint inhibitor; chemo, chemotherapy; mono-ICl, single-agent immune checkpoint inhibitor; dual-ICls, combination of
two immune checkpoint inhibitors; MPR, major pathological response; pCR, complete pathological response; TRAE, treatment-related

adverse event; SAE, severe adverse event; Cl, confidence interval.

No data on the incidence of TRAEs was provided in the
Cascone 2021 study (18), the only one study using dual
ICIs. The incidence of SAEs in the ICI plus chemotherapy,
mono-ICI, dual ICIs, and chemotherapy alone subgroups
were 18.0% (95% CI: 12.3-26.5%), 12.3% (95% CI:
6.5-21.3%), 9.9% (95% CI: 2.0-31.0%), and 20.6% (95%
CI: 15.3-27.0%), respectively. There was no significant
difference among subgroups (P=0.32). The resection rates
for the ICI plus chemotherapy, mono-ICI, dual ICIs,
and chemotherapy alone subgroups were 84.4% (95%
CI: 75.8-90.3%), 89.2% (95% CI: 84.9-92.4%), 76.2%
(95% CI: 53.9-89.7%), and 75.4% (95% CI: 68.6-81.2%),
respectively. Patients who received neoadjuvant ICI plus
chemotherapy had the lowest surgical delay rate [3.8% (95%
CI: 1.0-13.0%)]. Since only 3 studies reported the data of
conversion rate, subgroup analysis on this endpoint was not
conducted. Through this subgroup analysis, heterogeneity
among studies of the mono-ICI subgroup was remarkably
decreased. Significant heterogeneity was still observed for
the MPR rate of the mono-ICI subgroup and all endpoints
of the ICI plus chemotherapy subgroup.

© Translational Lung Cancer Research. All rights reserved.

ICI types

Different types of ICIs used in the included studies could
be a source of heterogeneity. Therefore, we conducted
a subgroup analysis of ICI types to explore the potential
correlations between ICI types and endpoints (Figure 4).
As shown in Table 3, nivolumab- and pembrolizumab-based
neoadjuvant therapy showed a higher MPR rate [51.5%
(95% CI: 32.4-70.0%) for nivolumab, 46.8% (95% CI:
15.3-81.1%) for pembrolizumab] and pCR rate [29.1%
(95% CI: 16.0-46.2%) for nivolumab, 31.5% (95% CI:
18.0-49.2%) for pembrolizumab], while avelumab-based
neoadjuvant therapy had a relatively lower MPR rate
[20.0% (95% CI: 6.5-47.1%)] and pCR rate [6.5% (95%
CI: 1.0-35.1%)]. However, no significant differences were
observed among these subgroups. The pooled incidence
of TRAEs and SAEs for atezolizumab- and sintilimab-
based neoadjuvant therapy appeared to be lower than other
ICIs, without statistical significance. The resection rates
of different ICIs were overall comparable. Patients who
received pembrolizumab-based neoadjuvant therapy tended
to have less surgical delay [1.0% (95% CI: 0.0-6.5%)], while
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Figure 3 Forest plot of the efficacy and safety of subgroup analysis based on different neoadjuvant treatment modes. (A) MPR rate; (B) pCR

rate; (C) incidence of TRAEs; (D) incidence of SAEs; (E) resection rate; (F) surgical delay rate. MPR, major pathological response; pCR,

complete pathological response; TRAE, treatment-related adverse event; SAE, severe adverse event; ICIs, immune checkpoint inhibitors;

chemo, chemotherapy; ICI + chemo, immune checkpoint inhibitors plus chemotherapy; SE, standard error; IV, inverse variance; CI,

confidence interval.
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Figure 4 Forest plot of the efficacy and safety of subgroup analysis based on different ICI types. (A) MPR rate; (B) pCR rate; (C) incidence
of TRAEs; (D) incidence of SAEs; (E) resection rate; (F) surgical delay rate. MPR, major pathological response; pCR, complete pathological
response; TRAE, treatment-related adverse event; SAE, severe adverse event; SE, standard error; IV, inverse variance; CI, confidence

interval; ICIs, immune checkpoint inhibitors.
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Figure 5 Forest plot of the pathological response of subgroup analysis based on PD-L1 expression. (A) MPR among patients with negative

or positive PD-L1 expression; (B) pCR among patients with negative or positive PD-L1 expression. PD-L1 negative, PD-L1 TPS <1%;
PD-L1 positive, PD-L1 TPS >1%; MPR, major pathological response; pCR, complete pathological response; M-H, Mantel-Haenszel; CI,

confidence interval; PD-L1, programmed death-ligand 1.

those who received nivolumab-based neoadjuvant therapy
were more likely [12.3% (95% CI: 6.5-23.1%)] to have
surgical delay. Overall, there were no significant findings on
the correlations between ICI types and the efficacy or safety
of neoadjuvant immunotherapy.

PD-L1 expression, histology subtypes and smoking
status

Next, we explored the potential effect of PD-L1 expression,
histology subtypes and smoking status on efficacy of
neoadjuvant immunotherapy or chemoimmunotherapy. As
shown in Figure 5, patients with positive PD-L1 expression
[defined as tumor proportion score (TPS) >1%] showed
significantly improved MPR (OR 2.33, 95% CI: 1.28-4.25,
P=0.006) and pCR rates (OR 3.39, 95% CI: 1.98-5.83,
P<0.001) than those PD-L1 negative patients (defined as TPS
<1%). Neither squamous cell carcinoma nor smoking status
had significant effects on MPR and pCR rates (Figure S3).
But smokers showed a tendency of better MPR rate than non-
smokers, without statistical significance found (OR 2.18, 95%
CI: 0.84-5.65, P=0.11). Analyses of resection rate, incidence of
TRAESs and SAEs were not performed in these subgroups, due

to no available data provided in enrolled studies.

Sensitivity analysis

Our subgroup analysis data suggested that different
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neoadjuvant treatment modes were one of the main sources
of heterogeneity. Subsequently, to ensure that the combined
results were not severely swayed by certain trials, we
performed sensitivity analysis for studies within the mono-
ICI subgroup and ICI plus chemotherapy subgroup. As
shown in Figure S4, the Carbone 2021 study (14) was the
main source of statistical heterogeneity in the meta-analysis
for MPR rate in the mono-ICI subgroup. After removing
this outlier study, there was no heterogeneity among the
remaining studies (P=0.70, I’=0%).

For studies included in the ICI plus chemotherapy
subgroup (namely the chemoimmunotherapy subgroup),
significant heterogeneity was observed in the meta-analysis
for all endpoints (Figure 3). Therefore, a sensitivity analysis
was performed, in which 1 study was removed at a time, to
evaluate whether the results could have been significantly
affected by a single study (Figure S5). We found that the
removal of 3 studies decreased the heterogeneity for the meta-
analysis of MPR and pCR rates (Figure S5A,S5B). Removal
of any of these studies at a time did not significantly change
our results (Table S1). For the incidence of TRAESs, only 3
studies were included in the ICI plus chemotherapy subgroup.
Removing the Forde 2021 (25) or Provencio 2020 (28)
study markedly reduced the heterogeneity, but the latter
one affected the pooled incidence of TRAEs (Figure S5C).
The Wang 2021 study (21) made the largest contribution to
heterogeneity for the incidence of SAEs (Figure S5D). The
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Yang 2018 study (24) and Forde 2021 study (25) were the
most significant contributors to heterogeneity in the meta-
analysis of resection rate and surgical delay rate, respectively
(Figure S5E,S5F). As shown in Table S1, after removal of
any of the above studies, the MPR and pCR rates of the
ICI plus chemotherapy subgroup were consistently higher
than those of the mono-ICI subgroup, and the incidence
of SAEs, resection rate, and surgical delay rate appeared to
be comparable to the mono-ICI subgroup, confirming the
stability of our results.

Profiles of TRAEs and SAEs in patients who received
neoadjuvant immunotherapy or chemoimmunotherapy

We further summarized the profiles of TRAEs and SAEs
after neoadjuvant immunotherapy or chemoimmunotherapy
according to different organ systems. There were 11 studies
(n=367) reporting the profiles of TRAEs and 12 studies (n=380)
reporting the profiles of SAEs. As shown in Figure 64, TRAEs
(any grade) with incidence >10% included fatigue (32.2%),
alopecia (27.2%), anorexia (22.3%), nausea (18.0%), rash
(16.9%), anemia (14.4%), neutropenia (13.4%), and diarrhea
(10.4%). The most common SAEs which occurred in
NSCLC patients who received neoadjuvant immunotherapy
or chemoimmunotherapy included neutropenia (5.5%),
increased liver enzymes (1.8%), pneumonitis (1.3%), rash
(1.1%), thrombocytopenia (1.1%), and febrile neutropenia
(1.1%) (Figure 6B).

Discussion

In this study, we conducted a meta-analysis of 16
studies focusing on neoadjuvant immunotherapy or
chemoimmunotherapy in resectable NSCLC. Our
results supported the efficacy and safety of neoadjuvant
immunotherapy and chemoimmunotherapy. More importantly,
we found that neoadjuvant chemoimmunotherapy had
significantly higher MPR and pCR rates than neoadjuvant
single-agent immunotherapy, without increasing the
incidence of SAEs or surgical delay in patients with NSCLC.

Over the past decades, numerous studies have been
conducted to optimize the treatment modalities for NSCLC,
but the 5-year survival rate of patients remains poor. Despite
surgery and adjuvant therapy, about 20-30% of patients with
stage I, 50% of patients with stage II, and 60% of patients
with stage IIIA NSCLC die within 5 years (34). In recent
years, an increased number of clinical trials have reported
the efficacy and safety of neoadjuvant immunotherapy
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or chemoimmunotherapy in NSCLC using different
treatment modes and various ICIs. Results from a meta-
analysis by Jia er a/. (33) published in 2020 supported the
efficacy and safety of neoadjuvant immunotherapy in stages
I-III NSCLC. However, only 7 studies and 252 patients
were included, among which only 1 study (CheckMate 159
trial) provided complete published data, while the other 6
studies were all ongoing. Limited research was included in
this meta-analysis, making it difficult to reveal differences
among different treatment modes and ICI types. So far,
more data have been released from a series of clinical trials.
Thus, it is necessary to perform a meta-analysis with newly
updated research data.

Our results showed that the pooled MPR rate and pCR rate
of neoadjuvant immunotherapy and chemoimmunotherapy
were 43.5% and 21.9%, respectively. These rates were
remarkably higher if using previous published data on
neoadjuvant chemotherapy as a historical control which
showed a pooled pCR rate of 4% (9). Updated data from the
CheckMate 816 trial (25) also demonstrated the advantages
of neoadjuvant chemoimmunotherapy over chemotherapy
alone in NSCLC by showing a significantly higher MPR
rate (37% vs. 9%) and pCR rate (24% wvs. 2%) in the
chemoimmunotherapy arm. Although the median overall
survival and recurrence-free survival were not reached in
the studies of our meta-analysis, clinical benefits in survival
outcomes can be expected based on the association of MPR
or pCR with improved survival (10,35). On the other hand,
it has been reported that chemotherapy can enhance the
efficacy of immunotherapy by increasing tumor antigen
presentation (36,37). However, whether the combination
of immunotherapy and chemotherapy before surgery
has a synergistic effect remains unclear. Interestingly, in
the subgroup analysis based on neoadjuvant treatment
modes, the MPR rate and pCR rate of the ICI plus
chemotherapy subgroup were higher than those of the
mono-ICI subgroup. Meanwhile, dual ICIs of nivolumab
plus ipilimumab exhibited a high pCR rate comparable to
neoadjuvant chemoimmunotherapy. These data consistently
demonstrate that neoadjuvant chemoimmunotherapy and
dual ICIs are advantageous for the pathological response
of NSCLC patients over single-agent immunotherapy or
chemotherapy alone.

Different kinds of ICIs were used in the studies included
in this meta-analysis. While these ICIs act against tumor
cells through similar molecular mechanisms, they may
result in different efficacy and safety profiles in NSCLC
(38,39). Our subgroup analysis based on ICI types suggested
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Figure 6 Pooled incidence of TRAEs and SAEs reported in clinical trials. TRAE, treatment-related adverse event; SAE, severe adverse

event.

that there is no evidence for a dominant or superior ICI in
neoadjuvant immunotherapy or chemoimmunotherapy at
present. However, nivolumab- and pembrolizumab-based
neoadjuvant therapy showed a higher MPR rate (nivolumab
51.5%, pembrolizumab 46.8%) and pCR rate (nivolumab
29.1%, pembrolizumab 31.5%), while avelumab-based
neoadjuvant therapy had a relatively lower MPR rate
(20.0%) and pCR rate (6.5%). Furthermore, the pooled
MPR rate was similar among anti-PD-1 agents (nivolumab
51.5%, pembrolizumab 46.8%) and anti-PD-L1 agents
(durvalumab 48.5%, atezolizumab 33.3%), but the pooled
pCR rate for neoadjuvant regimens using anti-PD-1 agents
(nivolumab 29.1%, pembrolizumab 31.5%) was significantly
higher than those using anti-PD-L1 agents (durvalumab
14.5%, atezolizumab 14.5%).

Clinical and histopathological characteristics of NSCLC
patients affect the efficacy of immunotherapy. PD-L1
TPS is a well-recognized biomarker for response to ICIs
based on abundant clinical research data (40). Single-agent
pembrolizumab has been recommended as the first-line
treatment in stage IV NSCLC patients with PD-L1 TPS
>50% and without EGFR/ALK aberrations. However,
potential effect of PD-L1 TPS on efficacy of neoadjuvant
immunotherapy remains unclear. In this meta-analysis,
our data demonstrate that patients with PD-L1 TPS >1%
have a favorable pathological response to neoadjuvant ICIs
either combined with chemotherapy or not. It suggests that

© Translational Lung Cancer Research. All rights reserved.

PD-L1 TPS may be a useful biomarker of MPR or overall
response rate in the era of neoadjuvant immunotherapy,
which needs more clinical studies to confirm.

It has been observed that patients with stage III
NSCLC appear to have a better response to neoadjuvant
chemotherapy than those with stage I or II disease (41).
Whether a similar phenomenon exists in neoadjuvant
immunotherapy or chemoimmunotherapy remains unknown.
In the NADIM trial and SAKK 16/14 trial, which exclusively
enrolled patients with stage III NSCLC, the MPR rate after
neoadjuvant chemoimmunotherapy appeared higher than
other trials. The NADIM trial reported a remarkable pCR
rate of 57%. However, the pCR rates reported in the SAKK
16/14 trial and another prospective single-arm study in stage
IITA NSCLC (21) were 15% and 29%, respectively, which
did not support this point.

The key findings of this meta-analysis also
include the safety of neoadjuvant immunotherapy or
chemoimmunotherapy prior to surgery without significant
surgical delays. In a previous meta-analysis including 36
phase II/III clinical trials, the pooled incidence for all-grade
irAEs was estimated to range between 54% and 76% in
cancers, included lung cancer, melanoma, urinary system
cancer, head and neck cancer, and digestive system cancer (39).
For patients with lung cancer, Berti er /. (42) reported that
the incidence of all-grade irAEs and severe irAEs for ICIs
were 37.1% and 18.5%, respectively. It is recognized that
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the incidence of TRAEs or SAEs significantly increases if
ICIs are combined with chemotherapy (43). Therefore, the
safety of neoadjuvant chemoimmunotherapy has attracted
significant attention. In the present meta-analysis, only 5
trials enrolled NSCLC patients who received mono-ICIs
before surgery, while the others were either combined
with chemotherapy or ipilimumab. Thus, the incidence
of TRAEs after neoadjuvant therapy was used as a major
safety-related endpoint, rather than irAEs. Our results
showed that the pooled incidence of TRAEs in the 16
studies was 54.8%, which seemed higher than previously
published data of neoadjuvant immunotherapy. The
inclusion of patients who received chemoimmunotherapy
could explain this difference. Interestingly, while
subgroup analysis demonstrated that the combination of
chemotherapy before surgery increased the incidence of
TRAEs (73.9% vs. 42.9%), it did not significantly increase
the incidence of SAEs (18.0% wvs. 12.3%, P=0.32). Besides,
the incidence of SAEs seemed similar between mono-ICI
and dual ICIs subgroups (12.3% wvs. 9.9%). Compared with
patients who received immunotherapy, the pooled resection
rate was similar and the surgical delay rate was even lower
in those who received neoadjuvant chemoimmunotherapy.
Therefore, our data demonstrates that both neoadjuvant
immunotherapy and chemoimmunotherapy are tolerable
for patients with NSCLC.

Fibrosis and adhesion in the chest cavity have been
reported after neoadjuvant ICIs, which could potentially
increase the risk of conversion from minimally invasive
surgery to thoracotomy during the operation. In this meta-
analysis, only 3 studies provided data on conversion, and the
pooled conversion rate was 17.4%. Notably, the conversion
rate in the Forde 2018 study (13) was higher than the
other 2 studies [Duan 2021 (22), Yang 2018 (24)], which
suggests that chemoimmunotherapy before surgery may
help reduce surgical complexity compared with neoadjuvant
immunotherapy alone. However, more randomized clinical
trials are required to further confirm these observations.

Heterogeneity cannot be ignored in this meta-analysis.
Our subgroup analysis demonstrated that different
treatment modes are a main source of heterogeneity. After
subgroup analysis based on treatment modes, heterogeneity
in the mono-ICI subgroup markedly reduced. However,
significant heterogeneity was still observed within the
ICI plus chemotherapy subgroup. Multiple factors may
contribute to the heterogeneity, including clinical staging,
histology subtypes, PD-L1 expression level, smoking
status and ethnicity of patients. These clinical trials were
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conducted in America, Asia and Europe, and enrolled
patients from different ethnic groups. While most trials
enrolled patients with stages I-III NSCLC, some were
focused on stage III disease. The proportions of squamous
cell carcinoma in these studies were also markedly
different, ranging from 13% to 100%. PD-L1 TPS of
patients and proportion of smokers also varied in these
studies. Diversity in patient characteristics may explain
the large heterogeneity in the incidence of TRAEs in the
chemoimmunotherapy subgroup. ICI types can also be
an important source of heterogeneity. Varying degrees
of differences in endpoints were shown in subgroups of
different ICIs, even though no statistical significance was
seen in the subgroup analysis, which may be explained by
the small sample size. Furthermore, study design and quality
may also affect the homogeneity of these studies. Only 2
were randomized clinical trials, while the others were phase
1 or 2 single-arm studies. Removal of 1 study at a time
could not eliminate the heterogeneity in this meta-analysis.
However, based on the data of the sensitivity analysis,
removal of any study did not significantly change our results
or affect the overall conclusion. The results of sensitivity
analyses for different endpoints were consistent (except for
TRAE: for the chemoimmunotherapy subgroup), leading
to solid conclusions.

There are several limitations in this meta-analysis.
Firstly, although 16 studies were included, most were non-
randomized single-arm clinical trials with a small sample
size. As a consequence, this set of comparative analyses
were based on indirect comparisons. Secondly, not all the
included studies provided data on all key endpoints, and
some have not yet reached their endpoint. Therefore,
complete patient data for these studies are not available
at present. Furthermore, the follow-up periods of these
studies were relatively short, with limited data reporting
on survival outcomes. With the rapid growth in the
number of active trials on neoadjuvant immunotherapy or
chemoimmunotherapy, we believe that more conclusive
meta-analyses can be conducted by including more large-
scale multicenter randomized clinical trials.

In conclusion, this meta-analysis demonstrated the
efficacy and safety of neoadjuvant immunotherapy and
chemoimmunotherapy. Neoadjuvant chemoimmunotherapy
provide a significant improvement in pathological response
versus single-agent immunotherapy, without increasing the
incidence of SAEs or surgical delay. Neoadjuvant dual ICIs
of nivolumab and ipilimumab also achieve an impressive
pCR rate with tolerable toxicity, which needs further
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confirmation by more clinical trials. Our data support the
potential application of neoadjuvant immunotherapy or
chemoimmunotherapy for resectable stages I-III disease.
However, the effect on long term survival and recurrence is
yet to be determined. In addition, there are more frequent
TRAEs and SAEs related to chemoimmunotherapy even
though significance was not found in our meta-analysis.
Therefore, neoadjuvant therapy regimens should be
chosen with caution based on comprehensive evaluation of
individual benefits and risks when implementing in clinical
practice.
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