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ABSTRACT

Background: Previously reported results have shown promising efficacy of neoad-
juvant immunotherapy for resectable non–small cell lung cancer (NSCLC). Howev-
er, no randomized control trials comparing neoadjuvant immunotherapy with
chemotherapy have yet been reported. The aim of the present study was to eval-
uate the superiority of neoadjuvant immunotherapy compared with standard neo-
adjuvant chemotherapy in resectable NSCLC in terms of short-term clinical
outcomes and surgical outcomes.

Methods: We searched PubMed, Embase, the Cochrane Central Register of
Controlled Trials, the ClinicalTrials.gov database, Web of Science, and abstracts
derived from multiple major cancer meetings up to March 1, 2020. Short-term clin-
ical outcomes (including objective response rate [ORR], major pathologic response,
and pathologic complete response [pCR]) and surgical outcomes (including surgi-
cal resection rate and R0 resection rate) were reported. Data were summarized as
the estimated pooled value of each evaluated index. The risk of bias of included
studies was assessed using standard methods.

Results: This systematic review and meta-analysis of 21 trials on neoadjuvant immu-
notherapy and neoadjuvant chemotherapy for NSCLC included 1795 patients. Pa-
tients who received Programmed death ligand 1 (PD-1/PD-L1) inhibitors (NeoIO)
alone (13.3%; 95% confidence interval [CI], 9.0%-19.3%) had the lowest ORR
compared with those who received NeoIO plus chemotherapy (CT) (62.5%;
95% CI, 54.4%-70.0%) or CT alone (41.6%; 95% CI, 36.8%-46.7%) (NeoIO vs
CT, P< .001; NeoIO þ CT vs CT, P< .001). Receipt of NeoIO þ CT (36.2%;
95% CI, 19.2%-57.6%) was associated with an elevated pCR rate compared with
receipt of NeoIO alone (10.6%; 95% CI, 6.5%-16.9%; P< .001) or standard CT
(7.5%; 95% CI, 5.7%-9.8%; P< .001). Neoadjuvant CT (87.2%; 95% CI, 74.9%-
94.0%) was associated with a lower R0 resection rate compared with NeoIO alone
(92.7%; 95% CI, 83.4%-97.0%; P ¼ .360) or NeoIO þ CT (91.6%; 95% CI, 84.3%-
95.7%; P ¼ .409). Meta-regression showed that a higher proportion of stage III pa-
tients was correlated with decreased surgical resection and R0 resection rates,
whereas no impact was observed with neoadjuvant immunotherapy.

Conclusions: Current data suggest that compared with neoadjuvant chemo-
therapy, immunotherapy-based regimens may provide superior pathological
response along with a higher rate of complete resection. Immunotherapy combined
with chemotherapy in neoadjuvant chemotherapy may be a more favorable clinical
option. Further randomized controlled trials are warranted to provide long-term re-
sults of neoadjuvant immunotherapy for localized NSCLC and help guide clinical
practice. (JTCVS Open 2021;8:588-607)
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CENTRAL MESSAGE

The pooled data suggest a high
pathological response rate and
higher surgical resection rate for
immunotherapy-based neoadju-
vant treatment compared with
standard chemotherapy for
treating resectable non–small
cell lung cancer.
PERSPECTIVE
Standard neoadjuvant therapy remains the
standard of care chemotherapy for non–small
cell lung cancer despite the minor improve-
ments in 5-year overall survival rate and high
treatment-related adverse events. Neoadjuvant
immunotherapy, especially when combined
with chemotherapy, could provide a relatively
high pathological response rate and improve
surgical outcome.
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Abbreviations and Acronyms
CI ¼ confidence interval
CT ¼ chemotherapy
IO ¼ immunotherapy
MPR ¼ major pathologic response
Neo ¼ neoadjuvant
NSCLC ¼ non–small cell lung cancer
ORR ¼ objective response rate
pCR ¼ pathologic complete response
PDL-1 ¼ programmed death ligand 1
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Recent advances in treatment involving tyrosine kinase in-
hibitors and immune checkpoint inhibitors have shifted the
treatment paradigm for late-stage cancer, with significantly
prolonged survival along with lower toxicity.1 Unlike in
advanced disease, in which surgery may have a limited
role, the standard of care for early-stage disease remains
definitive local treatment, such as surgery and radio-
therapy.2 However, patients who undergo radical resection
alone could still be at high risk for disease recurrence.3 Pre-
vious trials have suggested perioperative chemotherapy
(CT) as a recommended treatment modality for early-
stage non–small cell lung cancer (NSCLC)4; however,
despite its superiority over surgery alone, only a �5% in-
crease in 5-year survival rate has been observed, with
considerable treatment-related toxicity.5-7 Therefore,
superior therapeutic modalities are urgently needed.

Given the long-term benefit of immunotherapy in
advanced cancer, trials evaluating the clinical outcomes
of neoadjuvant immunotherapy (NeoIO) have shown
encouraging results, with high rates of major pathologic
response (MPR).8,9 It should be noted that most of these
trials were single-arm studies with no comparisons with
traditional CT. Moreover, a lack of mature prognostic
data in these trials makes it difficult to determine the
long-term benefit of NeoIO. Indeed, a previous study indi-
cated that both radiologic response and pathologic regres-
sion can help predict survival in patients with early-stage
NSCLC, suggesting that these 2 clinical outcomes can
serve as surrogate endpoints.10 Considering that no data
from randomized controlled trials on NeoIO and CT
have been reported to date, we performed a meta-
analysis of studies on NeoIO and CT in patients with
early-stage NSCLC to better define more optimal treat-
ment modalities than NeoCT.
METHODS
This study is reported following the Preferred Reporting Items for Sys-

tematic Reviews and Meta-Analyses (PRISMA) statement, excluding the

protocol and registration number. A flow diagram of the study is shown

in Figure 1.
Data Source and Searches
We searched PubMed, Embase, the Cochrane Central Register of

Controlled Trials, the ClinicalTrials.gov database, and Web of Science to

identify all relevant English language articles published up to March 1,

2020, using combined search terms including “neoadjuvant immuno-

therapy” and “NSCLC.” The specific search terms for NeoIO and CT are

provided in Online Data Supplement. We also searched the reference lists

of included studies. Given the very limited number of neoadjuvant trials

published to date, we also included recently reported data, especially those

reported at relevant meetings afterMarch 1, 2020. To avoidmissing any un-

published updated data, we also searched the databases of several major

cancer-related international conferences (ie, World Conference on Lung

Cancer, European Society ofMedical Oncology, American Society of Clin-

ical Oncology, European Lung Cancer Conference, and American Associ-

ation for Cancer Research) from 2010 to 2019 for relevant content using the

same search terms noted above. If duplicate studies were found from the

same cohort that offered similar outcomemeasures, we included the studies

reporting the most relevant data. In addition, referenced articles for the

relevant studies were checked in cases of missing data.

Study Selection
For all first included studies, only phase II/III prospective trials on

NeoCTand phase I/II prospective trials on NeoIO were included for further

assessment. The study selection process is summarized in Figure 1. Studies

enrolled for sequential meta-analysis were trials that enrolled patients

whose tumor was pathologically confirmed as stage I-III NSCLC regard-

less of the oncogene mutation. NeoCT that involved treatment beyond

chemotherapy, including radiotherapy in a neoadjuvant setting, were

excluded. For NeoIO trials, we allowed those combination modalities

with CT, owing to the limited reported data. Trials included in the meta-

analysis had to include the objective response rate (ORR) of neoadjuvant

treatment before surgery and at least 1 of the following clinical outcomes:

MPR (viable tumor cells<10%), pathologic complete response (pCR), and

complete reports of adverse events (optional for NeoIO, as most of those

trials had not been officially published).

There was no restriction on specific regimens for all patients or depen-

dence on histology in the NeoCT trials. In addition, cohorts with NeoCT

plus radiotherapy were excluded. Because we could not compare prog-

nostic data between 2 treatment modalities owing to immature data on

NeoIO, no requirement for long-term follow-up was needed for the

included trials. Two reviewers (Z.C. and H.H.Z.) independently screened

all titles and abstracts that met the inclusion criteria. For those titles and

abstracts that met the foregoing criteria, the same reviewers retrieved avail-

able corresponding articles (optional for NeoIO) to assess them for final in-

clusion in the meta-analysis. Any disagreements were resolved by

consensus.

Data Extraction and Risk of Bias Assessment
Two reviewers (Z.C. and H.H.Z.) performed independent double data

extraction. Detailed data on trials (eg, intervention type, study title, first

author, NCT number, number of patients within the neoadjuvant treatment

group, baseline characteristics of the enrolled patients), treatment regimens

as well as duration, and short-term clinical outcomes (eg, radiologic

response, pathologic regression) were extracted for consideration in subse-

quent analyses. Because survival data on the NeoIO cohort were too limited

and immature to calculate, we decided to not compare the treatment modal-

ities in terms of prognosis. The information was obtained from published

data or unpublished data or calculated using the raw data.

Considering the disparity among trials measuring different clinical out-

comes, we unified all evaluated outcomes. ORR was defined as the number

of patients with partial or complete response divided by the number of pa-

tients who received at least 1 dose of neoadjuvant therapy. MPR was
JTCVS Open c Volume 8, Number C 589
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Neoadjuvant immunotherapy cohorts

*Updated trials’ data reported in 2020 AATS and 2020 ASCO meeting

N = 244

Researches identified
through database

(PubMed, Embase,
Cochrane, WOS)

N = 205

Additional records
identified through

international
conferences

N = 405

Records excluded by title and
abstracts:
1) Irrelevant studies;
2) Reviews/Education;
3) Ongoing trials without data;
4) Duplication;

N = 44

Full-text assessed for eligibility

N = 36

Records excluded by full-text:
35 Reports on same trial
1   Retrospective study include
     metastatic or unresectable
     tumors

N = 8

Studies included for meta analysis

N = 3

Update*

Neoadjuvant chemotherapy cohorts

#RT, radiotherapy; CT, chemotherapy

N = 2959

Researches identified
through database

(PubMed, Embase,
Cochrane, WOS)

N = 73

Full-text assessed for eligibility

N = 11

Studies included for meta analysis

N = 2886

Records excluded by title and
abstracts:
1) Irrelevant studies;
2) Reviews/Education;
3) Ongoing trials without data;
4) Duplication;

N = 62

Records excluded by full-text:
2   Review
27 Non-prospective
15 No reported data

4   RT involved
10 Reports on same trial
4   Single agent CT

FIGURE 1. Summary of the 4 major processes for study selection, including the number of initial collected studies, excluded studies, and enrolled studies.

Titles and abstracts that met the inclusion criteria were further assessed in a full text review for inclusion in themeta-analysis. Novel data reported at the 2020

American Association for Thoracic Surgery (AATS) and 2020 American Society of Clinical Oncology (ASCO) meetings were included. WOS, World of

Science; CT, chemotherapy.
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defined as the number of patients with MPR divided by the number of pa-

tients who had evaluable resected tissues (for NeoIO only, because no rele-

vant data were reported for NeoCT). pCR was defined as the number of

patients with pCR divided by the number of patients who had evaluable re-

sected tissues. Surgical resection rate was defined as the number of patients

who successfully underwent surgery divided by the number of patients who

received at least 1 dose of neoadjuvant therapy. R0 resection rate was

defined as the number of patients who underwent complete resection

with negative margins divided by the number of patients in whom surgery

was successfully performed.

The same reviewers (Z.C. and H.H.Z.) independently assessed the risk

of each study. Specifically, we used the Cochrane risk of bias tool to eval-

uate studies of NeoCT in terms of the following domains: random sequence

generation, allocation concealment, blinding of participants and personnel,

blinding of outcome assessment, incomplete outcome data, selective

outcome reporting, and other sources of bias. These aspects were scored

as low, high, or unclear risk of bias. For NeoIO trials, we applied the Meth-

odologic Index for Nonrandomized Studies (MINORS) to assess the bias of

these trials.

Data Synthesis and Analysis
Statistical analysis was performed using R version 3.6.1 (R Foundation

for Statistical Computing, Vienna, Austria), Prism version 7.00 (GraphPad
590 JTCVS Open c December 2021
Software, La Jolla, Calif) and SPSS Statistics for Windows, version 20.0

(IBM, Armonk, NY). The R META package was used for the meta-

analysis and meta-regression. For proportions, the R function METAPROP,

which uses the log-odds (ie, logit transformation) was applied. All included

studies were combined in a descriptive synthesis, comparing NeoIO and CT

in terms of multiple short-term clinical outcomes. The meta-analysis was

performed based on 3 major groups: neoadjuvant programmed death ligand

1 (PD-1/PD-L1) inhibitors alone (NeoIO), PD-1/PD-L1 inhibitors plus

chemotherapy (NeoIO þ CT), and neoadjuvant chemotherapy (NeoCT).

Each group was evaluated based on several short-term clinical outcomes,

including ORR, MPR, pCR, and surgical outcome (including surgical resec-

tion rate and R0 resection rate). We assessed heterogeneity using I2 and t2

values and calculated the estimates for the aforementioned clinical outcomes

together with their 95% confidence intervals (CIs). Determination of which

model to use to calculate the estimated values was made on both the authors’

assessment and statistical heterogeneity.11 Funnel plots were created to eval-

uate the publication bias of each included study.12 Egger’s test and Begg’s

test were used the check for publication bias. In consideration of the limited

trials included for this study, meta-regression was applied to compare

chemotherapy-based and immunotherapy-based modalities regarding

short-term outcomes and to evaluate the moderating variables that could

impact the results. All reported P values were 2-sided, and statistical signif-

icance was defined as P<.05.
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RESULTS
Systematic Review and Characteristics

Using the predefined search terms, we identified 449
relevant records for PD-1/PD-L1–based NeoIO and
2959 relevant records for NeoCT. After the manual
screening and eligibility assessment, 10 studies8,9,13-16

for NeoIO and 11 studies17-27 for NeoCT were included
for further analysis, including 400 and 1395 patients,
respectively. Specifically, the included NeoIO trials
included 6 PD-1/PD-L1–based single-agent trials and 5
immunotherapy combination cohorts; the NEOSTAR
trial contained both single-agent and dual-agent immuno-
therapy cohorts. All included NeoCT trials used
cisplatin- or carboplatin-based chemotherapy as neoadju-
vant regimens. Detailed characteristics of each study are
summarized in Table 1.
Short-Term Efficacy in Neoadjuvant Trials
We first evaluated the available short-term outcomes for

both neoadjuvant immunotherapy and chemotherapy ac-
cording to the 3 major groups: NeoIO, NeoIO þ CT, and
NeoCT. Nine studies on NeoIO and 11 studies on NeoCT
were eligible for ORR estimation, and 8 studies on NeoIO
and 7 studies on NeoCT were eligible for pCR estimation.
All forest plots were generated to estimate ORR, MPR,
and pCR, based on a fixed- or random-effect model.

Regarding ORR, NeoIO alone showed an inferior radio-
logic response compared with traditional NeoCT (13.3%
[95% CI, 9.0%-19.3%] vs 41.6% [95% CI, 36.8%-
46.7%]). NeoIO þ CT yielded the highest ORR among
the 3 groups (62.5%; 95% CI, 54.4%-70.0%). In terms
of pCR, NeoCT showed similar pathologic regression as
NeoIO alone (7.5% [95% CI, 5.7%-9.8%] vs 10.6%
[95% CI, 6.5%-16.9%]), whereas NeoIO þ CT showed
superior pathological regression (36.2%; 95% CI,
19.2%-57.6%) (Figure 2). Because of the limited MPR
data presented in the NeoCT trials, we compared this clin-
ical outcome only in the NeoIO and NeoIO þ CT groups.
As expected, MPR was significantly higher in the
NeoIO þ CT group (70.5% [95% CI, 54.9%-82.4%] vs
30.0% [95%CI, 20.5%-41.7%]) (Figure E1). In particular,
we observed favorable short-term clinical outcomes with
PD-1 inhibitors, yet the limited included trials on PD-L1 in-
hibitors might have underpowered the statistical evaluation.
Outcome for Sequential Surgery
There is a potential risk of patients receiving systemic

treatment, such as targeted therapy or immunotherapy,
before surgery being unavailable for sequential surgical
resection owing to severe toxicity or disease progression.
Ineligibility for surgery would impair these patients’ prog-
nosis because these are all potentially resectable diseases.
Moreover, those patients who undergo surgery also may un-
dergo non-R0 resection owing to heterogeneous responses
to the disease. Thus, we assessed surgical rates and R0
resection rates after the different neoadjuvant modalities
to evaluate the outcomes of sequential surgery in the
patients.
All 3 therapeutic regimens achieved a satisfactory sur-

gical rate after neoadjuvant treatment, with 89.8% (95%
CI, 84.9%-93.3%) for NeoIO alone, 90.3% (95% CI,
84.1%-94.2%) for NeoIO þ CT, and 85.9% (95% CI,
77.9%-91.3%) for NeoCT. For R0 resection rate, NeoCT
showed relatively worse performance (87.2%; 95%
CI, 74.9%-94.0%) compared with NeoIO (92.7%; 95%
CI, 83.5%-96.9%) and NeoIO þ CT (91.6%; 95% CI,
84.3%-95.7%) (Figure 3).
Comparisons Through Meta-Regression
Comparison involving ORR, pCR, surgical rate, and R0

resection rate were conducted via meta-regression.
Regarding the short-term clinical outcomes, NeoIO þ CT
showed superior efficacy of the 3 groups (Figure 4).
Regarding the proportion with stage III disease and lung
squamous cell carcinoma, we found significant correlation
between the proportions of patients with stage III disease
and patients with ORR/MPR. However, when this index
was integrated with the treatment modalities (NeoIO alone
and NeoIO þ CT), only the treatment modalities could
significantly affect short-term clinical outcomes
(Figure E2). Through meta-regression, we found that higher
proportion of stage III patients could be correlated with both
an inferior surgical resection rate and an inferior R0 resec-
tion rate through NeoCT, whereas no such correlation was
found with NeoIO and NeoIO þ CT, suggesting a potential
advantage of neoadjuvant immunotherapy for surgical
resection (Figure E3). Overall, these results support
NeoIOþCTas possibly the most ideal option for resectable
NSCLC.
Study Heterogeneity and Risk of Bias
The heterogeneity among studies was quantified using I2

and t2 values, and most of the analyses revealed either mild
or intermediate heterogeneity. Funnel plots showed several
outliers but were relatively centralized overall, suggesting
that there was limited publication bias in the included trials
(Figures E4-E6).
A risk of bias assessment for each included study was

performed using the Cochrane risk of bias tool and MI-
NORS for NeoCT and NeoIO trials, respectively. Specif-
ically, for NeoCT trials, because all the studies compared
NeoCT and surgery alone without the use of placebo, infor-
mation on blinding was unavailable. However, because this
is not a direct comparison, such bias might not significantly
JTCVS Open c Volume 8, Number C 591



TABLE 1. Summary of included neoadjuvant immunotherapy and chemotherapy trials

Trial N

Males,

n (%)

Age, y,

median

(range)/

mean ± SD

Histology

(SQC), n (%)

Stage

(TNM)

Stage III

proportion,

n (%)

Neoadjuvant

regimen

Treatment

cycles

Primary

endpoint

Immunotherapy–based neoadjuvant treatment

Checkmate1598 21 10 (47.6) 67 (55-84) 6 (28.6) I-IIIA (7th) 7 (33.3) Nivolumab 2 Safety/

outcome

LCMC313 101 47 (46.5) 65 (37-83) 35 (34.7) IB-IIIB (8th) 46 (45.5) Atezolizumab 2 MPR

TOP1501* 30 16 (53.3) 72 (47-81) 17 (56.7) IB-IIIA (7th) 8 (26.7) Pembrolizumab 2 Safety/

outcome

MK3457-23315 13 6 (46.2) 66 (NR) 6 (46.2) I-IIB (8th) 0 Pembrolizumab 2 Safety

Sintilimab16 40 33 (82.5) 62 (47-70) 33 (82.5) I-IIIB (8th) 18 (45.0) Sintilimab 2 Safety

NEOSTAR (single)y 23 15 (65.2) 66.1 � 8.5 10 (43.5) I-IIIA (7th) 5 (21.7) Nivolumab 3 MPR

NEOSTAR (comb)y 21 13 (61.9) 65.0 � 8.3 7 (33.3) I-IIIA (7th) 4 (19.0) Nivolumab þ ipilimumab 3 MPR

MAC9 30 15 (50.0) 67 (62-74) 12 (40.0) II-IIIA (7th) 23 (76.7) Atezolizumab þ paclitaxel/

carboplatin

4 MPR

NADIM14 46 34 (73.9) 63 (41-77) NR IIIA (7th) 46 (100.0) Nivolumab þ paclitaxel/

carboplatin

3 2-y PFS

SAKK16/14y 67 35 (52.2) 61 (41-74) 22 (32.8) IIIA (7th) 67 (100.0) Durvalumab þ docetaxel/

cisplatin

5 1-y EFS

NCT03366766y 13 8 (61.5) 69 (49-80) 9 (69.2) IB-IIIA (7th) 7 (53.8) Nivolumab þ histology-

based chemotherapy

3 MPR

IO-based regimen 405 232 (57.3) — 157 (38.8) — 231 (57.0) — 2-5 —

Chemotherapy-based neoadjuvant treatment

JCOG920917 31 20 (64.5) 59 (32-74) 7 (22.6) IIIA 31 (100.0) Cisplatin/vindesine 3 NR

Chen et al. (2013)24 169 132 (78.1) 61 (34-75) 79 (46.7) I-IIIA 66 (39.1) Mitomycin/cisplatin/

vindesine

4 OS/PFS

CHEST23 129 100 (77.5) 60.6 (37.6-76.3) 48 (37.2) IA-IIIA 6 (4.7) Gemcitabine/cisplatin 3 PFS

CSLC050127 97 79 (81.4) 58 (26-75) NR IB-IIIA 29 (29.9) Docetaxel/carboplatin 3 3-y DFS

MRCLU22/NVALT2/

EORTC0801218
258 186 (72.1) 62 (37-77) 131 (50.8) IA-IIIB 21 (8.1) MVP/MIC/NP/paclitaxel/

carboplatin/gemcitabine/

cisplatin/docetaxel/

carboplatin

3 OS

NACTH III22 199 175 (87.9) 65 (35-80) 107 (53.8) IA-IIB 0 Paclitaxel/carboplatin 3 DFS

SAKK16/0025 115 77 (67.0) 59 (30-74) 36 (31.3) IIIA 115 (100.0) Cisplatin/docetaxel 3 EFS

GLCCG21 260 215 (82.7) 59 (35-69) 148 (56.9) IIIA-B 260 (100.0) Cisplatin/etoposide 3 PFS

GINEST (GC)19 12 5 (41.7) 61.5 (42-83) 5 (41.7) IA-II 0 Gemcitabine/cisplatin 3 pCR

GINEST (GP)19 35 20 (57.1) 63 (33-79) 17 (48.6) IA-II 0 Gemcitabine/paclitaxel 3 pCR

GINEST (GCb)19 40 21 (52.5) 63.5 (36-82) 12 (30.0) IA-II 0 Gemcitabine/carboplatin 3 pCR

Zhao et al. (2016)26 10 9 (90.0) 58 (36-63) 3 (30.0) IIIA 10 (100.0) Vinorelbine/cisplatin 2 RR/CBR/

TRR

JCOG020420 40 NR NR 10 (25.0) IB-II 0 Cisplatin/docetaxel 2 1-y DFS

Chemotherapy-based

regimen

1395 1039 (74.5) — 603 (43.2) — 538 (38.6) — 2-4 —

SD, Stable disease; SQC, squamous cell carcinoma; MPR, major pathologic response; PFS, progression-free survival; EFS, event-free survival; NR, not reported; OS, overall

survival; DFS, disease-free survival; MVP, Mitomycin/Vinblastine/Cisplatin; MIC, Mitomycin/Ifosfamide/Cisplatin; NP, Cisplatin/Vinorelbine; pCR, pathologic complete

response; RR, response rate; CBR, clinical benefit rates; TRR, tumor regression rate. *Study reported at the 2020 AATS meeting. yStudies reported at the 2020 ASCO meeting.
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influence the results. In addition, by integrating meta-
regression in subgroup analysis for NeoIO, we found a sig-
nificant discrepancy only between NeoIO alone and
NeoIOþ CT, which we did not combine for subsequent an-
alyses. Indeed, most of the other aspects had a low risk of
bias. For NeoIO, all included studies showed no significant
bias (Figure E7).
592 JTCVS Open c December 2021
DISCUSSION
In this systematic review and meta-analysis, we have

comprehensively summarized the short-term efficacy and
surgical outcomes ofmultiple reported neoadjuvant immuno-
therapy trials published to date. Subsequently, we performed
a meta-analysis of these neoadjuvant immunotherapy trials
with neoadjuvant chemotherapy cohorts derived from
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randomized trials that aimed to address the question of
whether neoadjuvant immunotherapywith orwithout chemo-
therapy is superior to neoadjuvant chemotherapy alone
(Figure 5). Recently released data from Checkmate816 clar-
ified the clinical efficacy of neoadjuvant immunotherapy plus
chemotherapy. Similarly, in our study,we found that neoadju-
vant immunotherapy plus chemotherapy can provide both su-
perior radiologic and pathologic responses along with
improved surgical outcomes, and likelywill become the stan-
dard of care pending long-term results.

For decades, neoadjuvant chemotherapy has been main-
tained as the major regimen for early-stage NSCLC based
on multiple prospective trials indicating a 5-year survival
benefit with additional chemotherapy prior to surgery.
The aim of neoadjuvant treatment is to eradicate micro-
metastatic lesions, increase the complete surgical resection
594 JTCVS Open c December 2021
rate, prolong the time to disease recurrence, and improve
overall survival.28 However, as cytotoxic agents, chemo-
therapy inevitably causes adverse events, including intesti-
nal reactions and myelosuppression, leading to patients’
unwillingness to undergo continuous treatment.29 Multiple
early-phase trials of neoadjuvant immunotherapy for
early-stage NSCLC have been initiated, but few have re-
ported detailed data. Our results suggest that neoadjuvant
immunotherapy alone can improve the pathologic
response to tumors but not the radiologic response
compared with chemotherapy. One possible explanation
for this is that radiologic response might not fully reflect
pathologic regression in consideration of infiltrating im-
mune cells and tissue fibrosis.10,16 In addition, trials of
single-agent immunotherapy for advanced NSCLC
showing comparable ORR with doublet chemotherapy
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also may be attributed to negative findings in radiologic
response owing to short-term drug exposure in immuno-
therapy.30-33 Indeed, the combination strategy of
neoadjuvant immunotherapy and chemotherapy was
found to have a higher response rate for both radiologic
response and pathologic regression. However, very few
combination neoadjuvant trials were included in this
study, which could have underpowered our ability to
JTCVS Open c Volume 8, Number C 595
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draw robust conclusions. When we adjusted for the
clinical characteristics, we found no notable impact on
the overall conclusions. PD-L1, as a well-known
biomarker of immunotherapy,34 was not eligible for
further analysis in this study owing to the limited data
on PD-L1 expression in both neoadjuvant immunotherapy
and chemotherapy trials. Moreover, although the pivotal
role of molecular testing for localized NSCLC is recog-
nized, it remains unclear whether patients who bear a
driver mutation, such as EGFR, will respond as well to
neoadjuvant immunotherapy as patients with advanced
cancer, because not all trials involving neoadjuvant immu-
notherapy excluded EGFR and other oncogene mutations.
In several reported neoadjuvant immunotherapy trials, pa-
tients with sensitive EGFR mutation achieved MPR or
596 JTCVS Open c December 2021
pCR following neoadjuvant immunotherapy plus chemo-
therapy.9,35 Therefore, whether patients with an oncogene
alteration such as EGFR are eligible for immunotherapy
for early-stage NSCLC remains an open question to be
explored.

It also is unclear whether neoadjuvant immunotherapy
can provide a noninferior surgical approach compared
with chemotherapy. In this study, we found that neoadjuvant
immunotherapy alone or in combination with chemo-
therapy was associated with a higher surgical rate compared
to chemotherapy. Moreover, the R0 resection rate was also
higher in the neoadjuvant immunotherapy group. This also
was demonstrated in recently released results from Check-
mate816 showing elevated surgical and R0 resection
rates with neoadjuvant immunotherapy compared with
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chemotherapy.36 Specifically, for patients with stage III
NSCLC, we found that neoadjuvant immunotherapy was
associated with provide better surgical outcomes compared
Study flow chart of pooled analysis for neoad
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with neoadjuvant chemotherapy. However, this finding
might be confounded by differences in the stages of
enrolled patients from these trials.
Study Limitations
Despite the expected results, this study has several limi-

tations. First, most of the included neoadjuvant immuno-
therapy trials were single-arm early-phase trials with
limited sample sizes and undetermined EGFRmutation sta-
tus, which could have led to potential bias; therefore, these
results should be interpreted with caution. Moreover, some
of the trials were not published officially, providing limited
clinical information available for the subgroup analysis.
Second, the study is a meta-analysis that may have the
intrinsic defects of cross-trial comparisons. As the conse-
quence, the statistic power may not be available for consol-
idate conclusions. Moreover, we did not include trials of
neoadjuvant chemotherapy and radiotherapy that showed
relatively higher response rates compared with those of
chemotherapy alone. Third, the study has potential selec-
tion bias. Most of the neoadjuvant chemotherapy trials
were published before 2010, whereas the neoadjuvant
immunotherapy trials were reported within 5 years. Both ef-
ficacy and outcome estimation may be varied owing to un-
controllable factors, such as the standard shift in Response
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Evaluation Criteria in Solid Tumors (RECIST) and treat-
ment paradigm. In addition, technological advances,
including routine use of positron emission tomography/
computed tomography for clinical staging, changes in the
staging system, etc, might have affected the proportion of
patients being assigned to surgery, as well as the R0 resec-
tion rate. Indeed, this is an inevitable bias, given that no
phase III neoadjuvant chemotherapy trials have been initi-
ated in decades, owing to the paradigm shift toward neoad-
juvant treatment. Finally, results from neoadjuvant
immunotherapy trials also may be influenced by the
different drugs used, including PD-1 and PD-L1 inhibitors.
Although we did not included any randomized trials
comparing the efficacy of PD-1 and PD-L1 inhibitors, a pre-
vious meta-analysis showed that PD-1 inhibitors were asso-
ciated with more favorable survival outcomes compared
with PD-L1 inhibitors in advanced cancer.37 In the present
study, we observed a similar trend, with more favorable
short-term clinical outcomes associated with PD-1 inhibi-
tors compared with chemotherapy; however, this finding
should be interpreted with caution, given the limited num-
ber of trials involving PD-L1 inhibitors included.

CONCLUSIONS
This integrated meta-analysis of high-quality prospective

phase II trials indicates that neoadjuvant immunotherapy
can provide a deeper pathologic regression along with
improved surgical outcomes, especially for patients with
stage III NSCLC. Specifically, immunotherapy combined
with chemotherapy could be a more ideal treatment modal-
ity when clinically available. Recently released data from
the phase III Checkmate816 study further support the use
of neoadjuvant immunotherapy plus chemotherapy,
although long-term outcome data are still pending. In addi-
tion, other ongoing phase III trials, such as AEGEAN and
IMpower030, are also attempting to illustrate the clinical ef-
ficacy of neoadjuvant immunotherapy plus chemotherapy,
and other trials, including NEOMUN and NeoCOAST, are
exploring the use of neoadjuvant immunotherapy combined
with concurrent radiotherapy or other novel agents. These
trials will provide further high-level evidence for neoadju-
vant treatment and long-term results, helping guide clinical
practice.
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