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Background: It remains uncertain whether neoadjuvant immune checkpoint
inhibitor (nICl) is superior to neoadjuvant chemotherapy (nCT) in resectable
non-small cell lung cancer. In addition, there are outstanding questions for nICl
such as the ideal treatment mode and predictors.

Methods: PubMed, Embase, Cochrane Library, Web of Science, and scientific
meetings were searched for eligible single-arm or multi-arm trials until 31
December 2021. The primary outcomes of interest were major pathological
response (MPR) and pathological complete response (pCR). The random-effect
model was used for statistical analysis.

Results: Twenty-four trials of nICl (n = 1,043) and 29 trials of nCT (n = 2,337)
were identified. nICl combination therapy was associated with higher MPR
(63.2%, 95% Cl: 54.2%-72.1%) and pCR (35.3%, 95% Cl: 27.4%—-43.3%) rates
compared to nCT (16.2%, 95% Cl: 7.5%-25.0%, P < 0.001 and 5.5%, 95% ClI:
3.5%-7.5%, P < 0.001) and nIClI monotherapy (23.3%, 95% Cl: 12.7%-33.8%, P <
0.001, and 6.5%, 95% ClI: 1.7%-11.2%, P < 0.001). As for safety, nIClI
monotherapy had the best tolerability; nICl combination showed a similar
surgical resection rate and higher RO resection rate compared to nCT. PD-1
inhibitor and high PD-L1 expression (>1% or >50%) were correlated with higher
MPR and pCR rates compared to PD-L1 inhibitor and PD-L1 expression <1%.

Conclusions: nICl combination therapy is associated with higher MPR and pCR
rates compared to nCT and nlClI monotherapy. PD-1 inhibitor seems to be
superior to PD-L1 inhibitor. PD-L1 status appears to be predictive of MPR and
pCR for patients receiving niICl.
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Systematic Review Registration: https://www.crd.york.ac.uk/PROSPERO/
display_record.php?RecordID=278661, CRD42021278661.
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Introduction

Non-small cell lung cancer (NSCLC) accounts for
approximately 85% of all lung cancers (1). Surgical resection is
still the main treatment mode for stage 1-2 and selected stage 3A
NSCLC, but quite a few patients will have local recurrence and
distant metastasis (2, 3). The addition of neoadjuvant
chemotherapy (nCT) can improve the 5-year survival rate by
only 5% (4).

Given the superior efficacy and manageable toxicity of
immune checkpoint inhibitor (ICI) in patients with metastatic
and unresectable locally advanced NSCLC, there is increasing
interest in examining the role of ICI as a neoadjuvant treatment
in patients with resectable NSCLC. Initial findings from a series
of clinical trials have supported the safety and/or antitumor
efficacy of neoadjuvant ICI (nICI) (5-28). Nevertheless, whether
nICI is superior to nCT remains uncertain due to lack of
randomized control trials (RCTs) with long-term outcomes.
Moreover, there are still outstanding questions for nICI, such
as the selection of nICI monotherapy or combination, the ideal
predictive biomarkers, and the ideal timing and duration of
ICI administration.

In light of these issues, we performed a systematic review
and meta-analysis to assess the role of nICI and made a
comparison with nCT. Due to that majority of trials of nICI
did not report long-term survival results, we used major
pathological response (MPR) and pathological complete
response (pCR) as the primary outcomes of interest because
they might be predictive of the overall survival (OS) for patients
with resectable NSCLC (29, 30).

Methods

This systematic review and meta-analysis was conducted
according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines (31)
(Supplementary File: Table S1), and the protocol was registered in
PROSPERO with registration number CRD42021278661.
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Literature search strategy

We systematically searched PubMed, Embase, Cochrane
Library, and Web of Science for available studies published
from 1 January 2000 until 31 December 2021, using the search
terms “non-small cell lung cancer”, “neoadjuvant”,
“chemotherapy”, and “immune checkpoint inhibitors” or “PD-
1/PD-L1 inhibitors”. The detailed search strategy was provided
in Supplementary File: Table S2. Abstracts of recent scientific
meetings, including the American Society of Clinical Oncology
(ASCO), European Society for Medical Oncology (ESMO), and
World Conference on Lung Cancer (WCLC), were also
inspected. The reference lists of relevant studies were checked
for additional articles.

Inclusion and exclusion criteria

The inclusion criteria were as follows: (1) single-arm or
multi-arm trials examining nICI and/or nCT in resectable
NSCLC; (2) reported at least one of the following outcomes:
MPR (defined as less than 10% viable tumor cells in the resected
specimen), pCR (defined as no viable tumor cells in the resected
specimen), objective response rate (ORR, defined as the
proportion of patients achieving a complete response or a
partial response evaluated by RECIST criteria), grade >3
treatment-related adverse events (TRAEs), surgical resection
rate, and the incidence of surgical complication; and (3)
published in English. For multi-arm trials, only arms of nICI
or nCT were included. If multiple articles covered the same
study population, the one with the latest and most
comprehensive data was selected.

Data extraction

The following information was extracted independently by
two authors (HW and SL): first author, publication year, trial
design, region, follow-up time, sample size, tumor stage,
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interventions, MPR, pCR, ORR, grade >3 TRAEs, surgical
resection rate, RO resection rate, and surgical complication.

Quality assessment

Risk of bias of individual trials was independently assessed
by two authors (HW and SL). The Cochrane Risk of Bias Tool
(32) was used to assess risk of bias of RCTs examining nICI vs.
nCT. The trials were finally classified as low (all domains
indicated as low risk), high (one or more domains indicated as
high risk), and unclear risk of bias (more than three domains
indicated as unclear risk).

Statistical analysis

The primary outcomes of interest were rates of MPR and
pCR. Rate of MPR or PCR refers to the ratio of patients
achieving an MPR or PCR to all patients undergoing surgical
resection. The second outcomes of interest included ORR,
incidence of grade >3 TRAEs, surgical resection rate (the ratio
of patients who underwent surgical resection to those who were
planned to), RO resection rate (the ratio of patients achieving a
RO resection to all patients undergoing surgical resection), and
the incidence of surgical complication (operation-related

10.3389/fonc.2022.901494

complications occurring during the perioperative period). The
random-effect model was performed for statistical analysis,
using the software R (version 4.1.1, R Foundation for
Statistical Computing) via the meta package. The inverse
variance method was used to calculate pooled estimates of the
outcomes and their 95% CIs. Differences between nICI and nCT
were tested with the Z test. The heterogeneity among studies was
estimated by the chi-square (x*) and I-square (I?) tests with
significance set at a P value of less than 0.10 or I* greater than
50%. In addition, subgroup analyses in patients receiving nICI
were performed according to clinical stage, histological type,
type of nICI combination therapy, type of nICI monotherapy,
and PD-L1 expression. The stability of the results was assessed
by sensitivity analysis. The funnel plot, Begg’s test (33), and
Egger’s linear regression test (34) were performed to investigate
publication bias.

Results
Eligible studies

Following the search strategy, 4,660 studies were identified
in the initial search. After screening the abstract and/or full text,
4,609 studies were excluded. Finally, 51 articles were eligible for
inclusion. The selection process and reasons for study exclusion

813 duplicates

3725 records excluded after

screening the titles and abstracts

31 unresectable disease

14 retrospective studies

14 unrelated with our topics

5 neoadjuvant CT before 2000

FIGURE 1
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are shown in Figure 1. Among the 51 included trials, 24 studies
(26 arms) with 1,043 patients examined nICI (5-28), and 29
studies (32 arms) with 2,337 patients examined nCT (13, 14, 35—
61). The median patient ages were 65 years (interquartile range
[IQR], 62-66 years) and 61 years (IQR, 58-64 years) for patients
receiving nICI and nCT, respectively, and the median sample
sizes were 30 participants (IQR, 17-39) and 47 participants
(IQR, 31-88), respectively. The main characteristics and
outcomes of included studies are presented in Tables 1, 2 and
Supplementary File: Table S3 for nICI and Supplementary File:
Tables S4 and S5 for nCT.

Assessment of included studies and
publication bias

There were only two RCTs examining nICI vs. nCT which
were rated with a low (13) or unclear risk of bias (14)
(Supplementary File: Figure S1). As single-arm trials have a
high risk of bias by their nature, they were not further assessed
for bias. The RCT's examining nICI or nCT vs. other treatments
were considered as single-arm studies because only the
experimental arms were used in this study.

The funnel plots are presented in Supplementary File: Figure
S2. The Begg’s and Egger’s test results indicated potential
publication bias in MPR rate for nICI monotherapy (Egger
test, P = 0.01), pCR rate for nCT (Egger test, P = 0.003; Begg’s
test, P = 0.006), and grade >3 TRAEs for nICI combination
(Begg’s test, P = 0.04) and nICI monotherapy (Egger test, P =
0.02; Begg’s test, P = 0.04).

Outcomes of nICl vs. nCT

The results are summarized in Figure 2. The detailed forest
plots are presented in Supplementary File: Figures S3-S9.

MPR

Twenty-two studies of nICI (13 of combination and nine of
monotherapy) and seven studies of nCT reported rates of MPR.
The estimated MPR rate was 63.2% (95% CI: 54.2%-72.1%; =
75%) for nICI combination, which was higher than for nICI
monotherapy (23.3%, 95% CI: 12.7%-33.8%, I’ = 88%; P <
0.001) and nCT (16.2%, 95% CI: 7.5%-25.0%; I* = 73%; P <
0.001); there was no significant difference between nICI
monotherapy and nCT (P = 0.32).

pCR

Twenty-four studies of nICI (16 of combination and eight of
monotherapy) and 29 studies of nCT provided rates of pCR. The
estimated pCR rate for nICI combination (35.3%, 95% CI:
27.4%-43.3%; 1° = 68%) was higher than for nICI
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monotherapy (6.5%, 95% CI: 1.7%-11.2%, = 56%; P <
0.001) and nCT (5.5%, 95% CL 3.5%-7.5%; I> = 60%; P <
0.001); no significant difference was observed between nICI
monotherapy and nCT (P = 0.70).

ORR

Twenty-three studies of nICI (16 of combination and seven
of monotherapy) and 32 studies of nCT provided ORR. Either
nlICI combination (58.7%, 95% CI: 46.1%-71.3%; = 93%) or
nCT (49.3%, 95% CI: 43.7%-55%; I> = 84%) achieved higher
ORR than nICI monotherapy (10.0%, 95% CI: 3.1%-17.0%; =
69%; P < 0.001 for each comparison); no significant difference
was observed between nICI combination and nCT (P = 0.19).

Grade >3 TRAEs

Twenty-one studies of nICI (12 of combination and nine of
monotherapy) and four studies of nCT reported incidence of the
overall grade >3 TRAEs. Both nICI combination (18.3%, 95%
CIL: 13.1%-23.5%; I> = 48%) and nICI monotherapy (4.9%, 95%
CL: 1.3%-8.6%; 1> = 59%) had a lower incidence of grade =3
TRAEs than nCT (43.7%, 95% CI: 25.9%-61.6%; I> = 95%; P =
0.007 and P < 0.001); the difference between nICI monotherapy
and nICI combination was also significant (P < 0.001).

Thirteen studies of nICI combination (total 406 patients) and
eight studies of nICI monotherapy (total 236 patients) reported
individual grade >3 TRAEs (Supplementary File: Table S6). Of the
120 cases of grade =3 TRAEs that occurred in the nICI
combination cohort, the leading cause was neutropenia (n = 30;
25.0%), followed by AST/ALT increase (n = 12; 10.0%),
pneumonia/pneumonitis (n = 8; 6.7%), and fatigue (n = 8;
6.7%); three grade 5 TRAEs were observed (two
cardiopulmonary events and one ARDS). Of the 21 cases of
grade >3 TRAEs in the nICI monotherapy cohort, the leading
cause was pneumonia/pneumonitis (n = 5; 23.8%), followed by
hypokalemia (n = 3; 14.3%) and skin rash (n = 2; 9.5%); two grade
5 TRAEs were observed (one pneumonitis and one stroke).

Surgical resection rate

Twenty-six studies of nICI (16 of combination and 10 of
monotherapy) and 32 studies of nCT reported surgical resection
rate. nICI monotherapy achieved a higher surgical resection rate
(95.2%, 95% CI: 91.3%-99.2%; I* = 70%) compared with nICI
combination (87.3%, 95% CI: 81.4%-93.3%, I’ =84%;P = 0.03) and
nCT (81.9%, 95% CI: 77.8%-86.1%, I* = 85%; P < 0.001); there was
no difference between nICI combination and nCT (P = 0.14).

RO resection rate

Twenty studies of nICI (11 of combination and nine of
monotherapy) and 30 studies of nCT reported the RO resection
rate. Both nICI combination (96.2%, 95% CI: 92.6%-99.8%, =
67%) and nICI monotherapy (95.4%, 95% CI: 92.3%-98.6%, I* =
39%) showed a higher RO resection rate than nCT (88.9%, 95%
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TABLE 1 Characteristics of studies examining neoadjuvant ICI.

First Country  Phase size Male Median
author/year (design) (%) age
Bar/2019 (5) Israel I (single- 10 60 NR
arm)
Besse/2020 (6)  France IT (single- 30 50 64
arm)
Eichhorn/2021 ~ Germany IT (single- 15 47 59.8
(7) arm)
Forde/2018 (8) USA II (single- 22 48 67
arm)
Gao/2021 (9) China Ib (single- 40 82.5 62
arm)
Lee/2021 (10) USA IT (single- 181 49 65.1
arm)
Tong/2021 (11) USA II (single- 30 53 72
arm)
Wislez/2020 France Single-arm 46 67.4 61
(12)
Forde/2021 USA III (dual- 179 72 64
(13) arm)
Lei/2020 (14) China 1I (dual-arm) 14 NR NR
Provencio/2020  Spain IT (single- 46 74 63
(15) arm)
Rothschild/ Switzerland 1T (single- 67 52 61
2021 (16) arm)
Shen/2021 (17)  China Single-arm 37 94.6 62.8
Shu/2020 (18)  USA 1T (single- 30 50 67
arm)
Tfayli/2020 Lebanon IT (single- 15 46.7 65
(19) arm)
Wang/2021 China Single-arm 72 91.7 62.2
(20)
Yang/2017 (21) USA II (single- 24 50 65
arm)
Zhao/2021 (22) China II (single- 33 81.8 61
arm)
Zinner/2020 USA Single-arm 13 62 69
(23)
Reuss/2020 USA IT (single- 9 78 NR
(24) arm)
Cascone/2021 USA II (dual-arm) 23 65 66.1
(25)
21 62 65
Altorki/2021 USA II (dual-arm) 30 53 71-0
(26)
30 50 70-0
Hong/2021 Korea Ib (single- 24 83 66
27) arm)
Lemmon/2021  USA I (single- 9 33 66
(28) arm)

SCC Stage 1/2/

(%)

60

29
82.5
38
57
41
49

NR
35

33

100
40

13.3

37
54.5

69

43
33
37

40
50

NR

3(%)
NR
50/20/30
0/40/60
19/48/33
20/35/45
9/41/50
30/43/27
11/87/2
23/14/63

0/0/100
0/0/100

0/0/100

0/8/92
0/23/77

13/33/54
0/0/100
0/21/79
0/0/100
NR
11/22/67
48/30/22
57/24/19
37/16/47

27/33/40
0/0/100

0/0/100

ICI intervention*No.

of cycles
Pembrolizumab*2
Atezolizumab*1
Pembrolizumab*2
Nivolumab*2
Sintilimab*2
Atezolizumab*1-2
Pembrolizumab*2
Durvalumab*3
Nivolumab+CT*3

Camrelizumab+CT*3

Nivolumab+CT*3
Durvalumab*2+CT*3

Pembrolizumab+CT*2
Atezolizumab+CT*2-4

Avelumab*4+CT*3
Anti-PD-1+CT*2
Ipilimumab*2+CT*3
Toripalimab+CT*3
Nivolumab+CT*3
Nivolumab*3
+Ipilimumab*1
Nivolumab*3
Nivolumab*3
+Ipilimumab*1

Durvalumab*2

Durvalumab*2+SBRT
Durvalumab*2+CRT

Pembrolizumab*3+CRT

10.3389/fonc.2022.901494

Type of
resection (%)”

NR

NR
100/0/0
NR
35/35/30
79/9/12
72/12/16
67/20/13
76/17/19

NR
85/717

78/9/13

60/5/35
73/12/15

NR
NR
76/8/16
73/20/7
NR
NR
NR
NR
81/15/4

65/19/16
NR

NR

Surgery
time®

2w

NR
NR

2w
7-21d
10-73d
7-35d

2-14d

NR
6-7W

2-4w

3-4w

4w
NR
3-5w

< 12w

NR
2w
3-6w

3-6w

2-6w
NR

NR

ICI, checkpoint inhibitor; CT, chemotherapy; CRT, chemoradiotherapy; SBRT, stereotactic body radiotherapy; SCC,.squamous cell carcinoma; w, week; d, day; NR, not reported.

#Type of resection (lobectomy/pneumonectomy/others) (%).
&Surgery time (after the last dose of neoadjuvant therapy).
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TABLE 2 Outcomes of studies of neoadjuvant ICI.

10.3389/fonc.2022.901494

First author/ ICI ORR MPR pCR  Surgical resection RO resection Surgical Grade 3-5
year intervention rate rate rate rate complication TRAEs
Bar/2019 (5) Pembrolizumab NR 40% NR 100% NR NR NR
Besse/2020 (6) Atezolizumab 0% 0% 0% 100% 97% 10% 0%
Eichhorn/2021 (7)  Pembrolizumab 27% 27% 13% 100% 100% 7% 20%
Forde/2018 (8) Nivolumab 10% 45% 15% 100% 100% NR 5%
Gao/2021 (9) Sintilimab 20% 41% 16% 93% 97% 11% 10%
Lee/2021 (10) Atezolizumab NR 19% 6% 88% 91% 3% 5%
Tong/2021 (11) Pembrolizumab NR 28% 12% 83% 88% 48% 3%
Wislez/2020 (12) Durvalumab 9% NR NR 100% 89% NR 0%
Forde/2021 (13) Nivolumab+CT 54% 47% 30% 83% 83% 28% 19%
Lei/2020 (14) Camrelizumab+CT 86% 86% 57% 100% NR NR NR
Provencio/2020 Nivolumab+CT 76% 83% 63% 89% 100% 29% 30%
(15)
Rothschild/2021 Durvalumab+CT 58% 62% 18% 82% 93% NR 13%
(16)
Shen/2021 (17) Pembrolizumab+CT  86% 65% 46% 100% 100% NR 11%
Shu/2020 (18) Atezolizumab+CT 63% 59% 34% 97% 90% NR NR
Tfayli/2020 (19) Avelumab+CT 27% 27% 9% 73% NR NR 27%
Wang/2021 (20) Anti-PD-1+CT 94% NR 29% 100% NR NR NR
Yang/2017 (21) Ipilimumab+CT 58% NR 15% 54% 100% NR 46%
Zhao/2021 (22) Toripalimab+CT 88% 67% 50% 91% 97% 17% 9%
Zinner/2020 (23) Nivolumab+CT 46% 85% 38% 100% NR NR 15%
Reuss/2020 (24) Nivolumab 11% 33% 33% 67% NR NR 33%
+ipilimumab
Cascone/2021 (25)  Nivolumab 22% 24% 10% 91% 100% NR 13%
Nivolumab 19% 50% 38% 76% 100% NR 10%
+ipilimumab
Altorki/2021 (26) Durvalumab 3% 8% 0% 87% 88% NR 20%
Durvalumab+SBRT 47% 62% 31% 87% 96% NR 23%
Hong/2021 (27) Durvalumab+CRT 40% 78% 39% 75% 100% NR 17%
Lemmon/2021 (28) Pembrolizumab 75% NR 67% 75% 100% NR NR
+CRT

ICI, checkpoint inhibitor; CT, chemotherapy; CRT, chemoradiotherapy; SBRT, stereotactic body radiotherapy; ORR, objective response rate; MPR, major pathologic response; pCR,

pathological complete response; TRAES, treatment-related adverse events; NR, not reported.

Cl: 84.8%-92.8%; I = 84%; P = 0.008 and P = 0.01); no
difference was observed between nICI combination and nICI
monotherapy (P = 0.75).

Surgical complication

Eight studies of nICI (three of combination and five of
monotherapy) and nine studies of nCT reported incidence of
surgical complication. Most of the studies did not detail whether
surgical complication occurred within 30 or 90 days of surgery.
Incidence of surgical complication for nICI combination (25.8%,
95% CI: 20.0%-31.6%; 1> = 12%) was similar with nICI
monotherapy (13.9%, 95% CI: 0.3%-27.5%; I* = 82%; P =
0.12) but was higher than nCT (11.8%, 95% CI: 4.4%-19.2%;
> =93%; P = 0.003); no difference was observed between nICI
monotherapy and nCT (P = 0.78).

Frontiers in Oncology

Sensitivity analysis

When individual studies of nICI or nCT were removed one
at a time from the analyses for MPR, pCR, and grade >3 TRAEs,
the results were not markedly altered by any single study,
indicating a good stability of these results (Supplementary File:
Figure S10).

nICl vs. nCT in studies published within
the last 5 years

The results of nICI remained the same because all the studies

were published within the last 5 years. As for nCT, there were
only six studies included. MPR (16.2%) and pCR (2.4%) rates
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No. of Events/ Estimated rate, 2 P value for
trials Total %(95% Cl) difference

MPR

neoadjuvant CT 7 61/404 e 16.2(7.5,25.0) 73%

ICI combination 13 255/430 B 63.2(54.2,72.1) 75% <0.001

ICI monotherapy 76/343 —_— 23.3(12.7,33.8) 88% 0.32; <0.001*
pCR

neoadjuvant CT 29  121/1666 - 5.5(3.5,7.5) 60%

ICI combination 16 181/521 —— 35.3(27.4,43.3) 68% <0.001

ICI monotherapy 8  26/333 —-— 6.5(1.7,11.2) 56% 0.70; <0.001*
ORR

neoadjuvant CT 32 1090/2314 —— 49.3 (43.7,55.0) 84%

ICI combination 16  378/606 —_— 58.7 (46.1,71.3) 93% 0.19

ICI monotherapy 7 24/205 — 10.0 (3.1,17.0) 69% <0.001; <0.001*
Grade 3-5 TRAEs

neoadjuvant CT 4  188/476 —_— 43.7 (25.9,61.5) 95%

ICI combination 12 96/493 —— 18.3(13.1,23.5) 48% 0.007

ICI monotherapy 9 27/417 —- 4.9(1.3,8.6) 59% <0.001; <0.001*
Surgical resection rate

neoadjuvant CT 32  1885/233 —-— 81.9(77.8,86.1) 85%

ICI combination 16 529/615 —— 87.3(81.4,93.3) 84% 0.14

ICI monotherapy 10  390/426 —=— 95.2(91.3,99.2) 70% <0.001; 0.03*
RO resection rate

neoadjuvantCT 30  1438/170 —-— 88.9(84.8,92.8) 84%

ICI combination 11 386/420 —=—  96.2(92.6,99.8) 67% 0.008

ICI monotherapy 9  352/379 —- 95.4 (92.3,98.6) 39% 0.01; 0.75*
Surgical complication

neoadjuvant CT 9  94/646 B 11.8(4.4,19.2) 93%

ICI combination 3 58/220 — 25.8(20.0,31.6) 12% 0.003

ICI monotherapy 5  25/266 —_— 13.9(0.3,27.5) 82% 0.78; 0.12*

0 10 20 30 40 50 60 70 80 90 100
FIGURE 2

Outcomes of neoadjuvant CT vs. neoadjuvant ICl combination therapy vs. neoadjuvant ICI monotherapy. MPR, major pathologic response; pCR,
pathological complete response; ORR, objective response rate; TRAEs, treatment-related adverse events; ICl, checkpoint inhibitor; CT,

chemotherapy

and ORR (49.3%) were similar with the results from all studies,
while incidence of grade 3-5 TRAEs (20.7%) and surgical
resection rate (67.8%) decreased obviously, and incidence of
surgical complication (27.6%) increased obviously. However,
only one and two studies reported the incidence of grade 3-5
TRAEs and surgical complication, respectively. The details are
shown in Supplementary File: Figure S11.

Subgroup analyses of MPR and pCR in
patients receiving niClI

Results of the subgroup analyses are shown in Figure 3.

Type of nICl combination

There were no significant differences in either MPR or pCR
rate between ICI plus chemotherapy (64.5%, 95% CI: 53.3%-
75.8%, I = 81% and 34.3%, 95% CI: 24.2%-44.5%, I’ = 77%),
dual ICI combination (45.1%, 95% CI: 24.5%-65.6%, I> = 0%
and 36.3%, 95% CI: 16.2%-56.4%, I> = 0%), and ICI plus
radiotherapy or chemoradiotherapy (RT/CRT) (69.5%, 95%
CI: 53.6%-85.4%, I* = 29% and 38.1%, 95% CI: 24.4%-51.9%,
I? = 30%) (P > 0.05 for each comparison).

Type of nIClI monotherapy
Compared with PD-L1 inhibitor, PD-1 inhibitor was associated
with higher MPR (33.4%, 95% CI: 25.4%-41.5%, > = 0% vs. 8.8%,
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95% CI: 0.0%-22.3%, I* = 92%; P < 0.001) and pCR (13.1%, 95% CI:
7.1%-19.2%, I* = 0% vs. 2.3%, 95% CI: 0.0%-6.6%, I> = 66%; P =
0.004) rates.

PD-L1 expression

MPR rates were 26.3% (95% CI: 13.3%-39.4%, I* = 66%),
48.9% (95% CI: 35.5%-62.3%, 1> = 71%; P = 0.02), and 76.5%
(95% CI: 51.4%-100.0%, 1> = 54%; P < 0.001) for patients with
PD-L1 expression <1%, 1%, and >50%, respectively, and pCR
rates were 11.4% (95% CI: 3.1%—-19.6%, I* = 0%), 27.8% (95% CI:
17.2%-38.5%, 1> = 32%; P = 0.02), and 57.5% (95% CI: 34.0%—
80.9%, I* = 48%; P = < 0.001), respectively.

Clinical stage

MPR rates were 29.0% (95% CI: 18.1%-39.9%, I = 60%) for
stages 1-2 vs. 56.3% (95% CI: 42.9%-69.6%, I? = 84%; P = 0.002)
for stage 3, and pCR rates were 9.4% (95% CI: 0.0%-21.3%, =
77%) vs. 38.4% (95% CI: 25.0%-51.9%, I> = 87%; P = 0.002).

Further analysis according to treatment mode showed that
differences in MPR and pCR rates between stages 1-2 and stage 3
were observed only in patients receiving nICI combination (P =
0.002 and P = 0.03) but not in patients receiving nICI monotherapy
(P =0.37 and P = 0.34) (Supplementary File: Figure S12).

Histological type
There were no significant differences in MPR (46.9%, 95%
CI: 33.3%-60.5%, > = 77% vs. 37.6%, 95% CI: 23.5%-51.6%,
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No. of Events/ Estimated rate, A P value for
trials Total %(95% CI) difference

MPR
Type of ICI combination

IC+CT 9 215/364 —_— 64.5(53.3,75.8) 81%

ICI+ICI 2 1022 —_— 45.1(24.5,65.6) 0% 0.10

ICI+RT/CRT 2 30/44 e — 69.5(53.6,854) 29% 0.62
Type of ICl monotherapy

PD-L1 inhibitor 32215 —=—— 8.8(0.0,22.3) 92%

PD-1 inhibitor 6 44/128 — 33.4(254,415) 0% <0.001
PD-L1 expression

<1% 13 29/95 —_— 26.3(13.3,394) 66%

21% 13 771144 — 48.9(355,623) 71% 0.02

250% 5 14118 —————=—— 76.5(514,100.0) 54% <0.001
Clinical stage

-1 11 43137 — 29.0(18.1,39.9) 60%

mn 15 157/254 e 56.3 (42.9,69.6) 84% 0.002
Histological type

ScC 15 93/181 —_— 46.9(33.3,605) 77%

NsCC 14 76/180 —_—— 37.6(235,516) 92% 0.35

0 10 20 3 40 50 60 70 80 90 100

PCR
Type of ICI combination

ICHCT 11 154/449 —_— 34.3(24.2,445) T7%

ICI+ICI 2 8122 - 36.3(16.2,56.4) 0% 0.86

ICHRT/CRT 3 19/50 —_— 38.1(24.4,519) 30% 0.66
Type of ICI monotherapy

PD-L1 inhibitor 10/215  =— 2.3(0.0,6.6) 66%

PD-1 inhibitor 5 16/118 —— 13.1(7.1,19.2) 0% 0.004
PD-L1 expression

<1% 7 18117 — 11.4 (3.1, 19.6) 0%

21% 7 46/148 —_—— 27.8(17.2,385) 32% 0.02

250% 4 24/50 —_— 57.5(34.0,80.9) 48% <0.001
Clinical stage

-1 6 22120 —=—— 9.4(0.0,21.3) 7%

n 13 121/378 —_— 38.4(25.0,519) 87% 0.002
Histological type

scc 10 70/206 —_— 37.3(25.0,497) 61%

NSCC 9 56/195 _— 24.4(838,40.0) 85% 020

0 10 20 30 4 5 60 70 8 9 100
FIGURE 3

Subgroup analyses for MPR and pCR in patients receiving neoadjuvant ICl. MPR, major pathologic response; pCR, pathological complete
response; ICl, checkpoint inhibitor; CT, chemotherapy; RT; radiotherapy; CRT; chemoradiotherapy; SCC, squamous cell carcinoma; NSCC, non-

squamous cell carcinoma.

I = 92%; P = 0.35) and pCR (37.3%, 95% CIL: 25.0%-49.7%, I* =
61% vs. 24.4%, 95% CI: 8.8%-40.0%, I> = 85%; P = 0.20) rates
between patients with squamous cell carcinoma and non-
squamous cell carcinoma.

Discussion

This is a comprehensive systematic review and meta-analysis
assessing MPR and pCR rates and safety of nICI (monotherapy
and combination) and nCT in patients with resectable NSCLC.
It showed that nICI combination therapy was associated with
higher MPR (63.2% vs. 16.2%, P < 0.001) and pCR (35.3% vs.
5.5%, P < 0.001) rates compared to nCT. As for safety, nICI
combination had a similar surgical resection rate and higher RO
resection rate than nCT. In addition, we also found a lower
incidence of grade 3-5 TRAEs and more surgical complication
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of nICI combination vs. nCT. However, there were only four
studies of nCT providing data of grade 3-5 TRAEs and three
studies of nICI combination providing data of surgical
complication, making the results less reliable. Thus, the two
results should be interpreted with caution. Moreover, it should
be noted that the time periods of the nCT trials included are over
20 years dating from the 2000s, while all trials of nICI are within
the last 5 years. During these 20 years, the management of
resectable NSCLC has changed a lot in terms of pre-therapeutic
workup, surgical technique chemotherapy regimen, etc. To make
the comparison more reasonable, we performed a subgroup
analysis in studies published within the last 5 years. However,
we found similar results of MPR and pCR rates with those from
all studies, further supporting the better antitumor activity of
nICI combination vs. nCT.

Regarding nICI, nICI combination therapy had higher MPR
and pCR rates than nICI monotherapy (23.3%, P < 0.001 and
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6.5%, P < 0.001), but with more grade 23 TRAEs and a lower
surgical resection rate. The less tolerability of nICI combination
may limit its use in some special patients (such as elderly
patients or those with poor performance). In this case, nICI
monotherapy may play a role due to the best tolerability among
the three neoadjuvant treatments and the comparable MPR and
PCR rates with nCT, while which class of ICI (PD-1 or PD-L1
inhibitor) is better remains unclear. In our meta-analysis, PD-1
inhibitor achieved higher MPR (33.4% vs. 8.8%, P < 0.001) and
PCR (13.1% vs. 2.3%, P = 0.004) rates than PD-L1 inhibitor,
suggesting a better selection of PD-1 inhibitor when using ICI
monotherapy as a neoadjuvant treatment.

ICI plus chemotherapy was the most common regimen
tested in clinical trials and had been reported to be associated
with high MPR and/or pCR rates and acceptable toxicity (13-18,
22, 23). In addition, dual-ICI combination (nivolumab plus
ipilimumab) and ICI plus RT/CRT were also examined in
several recent phase 1 or 2 studies (24-28). Although the two
regimens also showed promising MPR and/or pCR rates, their
safety was still a concern due to the opposite results reported in
individual studies. As for the dual-ICI combination, grade 3-5
TRAEs were only 10% (2/21) in the NEOSTAR study (25) but
was 33% (3/9) in the trial by Reuss et al. (24) which led to a
decision to terminate the study early. With regard to ICI plus
RT/CRT, a phase 2 trial of durvalumab plus CRT (27) reported
acceptable grade 3-5 TRAEs of 16.7%, while a phase 1 trial of
pembrolizumab plus CRT (28) showed that the serious adverse
events were 100% (9/9) including two grade 5 events which met
the stopping rule for safety. In our meta-analysis, MPR and pCR
rates were similar between the three ICI combination regimens.
Nevertheless, the value of dual-ICI combination and ICI plus
RT/CRT in the neoadjuvant setting needs further evaluation due
to inconsistent safety results in individual studies. Currently, ICI
plus chemotherapy is likely to be the optimal nICI
combination strategy.

Since pathologic response can be assessed only after surgical
resection, exploring biomarkers in the selection of patients who
may benefit from nICI upfront is important. PD-L1 expression
has been demonstrated to be an important predictive biomarker
for ICI efficacy in metastatic NSCLC, while its predictive role for
tumor pathologic response in the neoadjuvant setting is under
evaluation. In the present meta-analysis, MPR and PCR rates for
patients with PD-L1 >1% (48.9% and 27.8%) and >50% (76.5%
and 57.5%) were significantly higher than for patients with PD-
L1 <1% (26.3% and 11.4%), suggesting a positive correlation
between tumor pathologic response rate and PD-L1 level. Other
biomarkers such as tumor mutational burden (TMB) (8), ctDNA
(13), tumor-infiltrating lymphocytes (TILs) (25), and immune-
related genes (62) were also reported to be correlated with MPR.
Due to limited data, their predictive role needs to be
further explored.
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Besides predictive biomarkers, patient characteristics such as
clinical stage and histological type have also been reported to be
possible predictors of nICI. In terms of clinical stage, nivolumab
plus chemotherapy achieved a promising MPR rate of 85% and a
PCR rate of 58.5% for stage 3A patients in the NADIM trial (15).
A low proportion of residual viable tumor cells was observed for
patients with stage 3 compared to patients with stages 1-2 (8%
vs. 28%) in the nivolumab plus chemotherapy group in the
CheckMate 816 study (13). In our meta-analysis, superior MPR
and pCR rates for stage 3 vs. 1-2 were observed in patients
receiving nICI combination therapy but not in those receiving
nICI monotherapy, supporting the possibility that nICI
combination therapy had more antitumor efficacy for patients
with stage 3. Nevertheless, the findings need to be validated in
large RCTs, and the mechanism also needs to be explored. As for
histological type, squamous cell NSCLC exhibited a superior
MPR compared with adenocarcinoma in two trials (9, 18),
possibly due to greater baseline tumor necrosis in squamous
cell carcinomas (18). However, there were opposite results from
the CheckMate 159 study (8) showing that adenocarcinoma had
a higher MPR of 46.2% compared with squamous cell NSCLC at
33.3%. In our study, no significant differences in MPR and pCR
rates were observed according to histological type. Thus, it is still
hard to draw a conclusion that squamous cell NSCLC would
benefit more from nICI.

CT imaging is traditionally used to assess the tumor
response after treatment. However, a recent study of nCT
showed that there was no relationship between CT RECIST
response and pathologic response in NSCLC patients (63). This
phenomenon was also observed for patients receiving nICI. In
our meta-analysis, we found that most of individual studies of
nICI reported a higher MPR rate than ORR (Supplementary File:
Figure S13), suggesting the poor predictive role of CT imaging
for the pathologic response. In a recent phase 2 study (64) using
emission tomography-CT (PET-CT) to evaluate tumor response
to nICI, maximum standardized uptake value (SUVmax)
reduction after sintilimab was significantly correlated with
pathologic response. Nevertheless, the predictive value of PET-
CT needs to be investigated in more studies.

Several previous meta-analyses (65-70) have also evaluated
neoadjuvant immunotherapy in NSCLC (Supplementary File:
Table S7). Among them, the largest two studies (65, 66) which
were published in 2022 included 21 trials with 792 patients (65)
and 15 trials with 809 patients (66), respectively. The two studies
assessed outcomes of MPR, pCR, ORR, TRAEs, and surgical
safety of nICI and conducted subgroup analyses according to
area, arms, nICI modes, and ICI types (65) or according to nICI
modes, ICI types, PD-L1 expression, histology, and smoking
(66). Compared to the previous meta-analyses, our study
included more trials and more sample sizes (24 trials with
1,043 patients). In addition, several additional subgroup
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analyses such as PD-L1 250%, clinical stages of 1-2 and 3, and
nICI modes of ICI plus RT/CRT were conducted in our study,
and with new findings. Moreover, we also collected data from
eligible studies examining nCT (29 trials with 2,337 patients)
and made a comparison with that from nICI. Thus, our meta-
analysis would be more comprehensive in evaluating the value of
nICI in resectable NSCLC.

There are several limitations in the current study. First, due to
that most of included trials of nICI had a short follow-up time
without mature OS data, we used MPR and pCR as the primary
outcomes of interest. Although there is evidence supporting MPR
and/or pCR being predictive for OS in resectable NSCLC, most of
the data are from nCT (29, 30), and their predictive value might
vary according to type of neoadjuvant therapy. For example, in
several studies examining neoadjuvant chemoradiotherapy vs.
chemotherapy (47, 57), the increased MPR rate of
chemoradiotherapy did not translate to improved OS. One
possible explanation is that the MPR in this setting represented
the local cytotoxic effect of radiotherapy but did not reflect control
of micrometastases by chemotherapy (71). Thus, there is still
uncertainty to the use of MPR or pCR as a surrogate endpoint of
OS in patients receiving nICI due to lack of studies assessing the
correlation. Second, this is a single-arm-based meta-analysis, and
the findings are hypothesis-generating. Lack of large head-to-head
RCT's prevents us from making a firm conclusion. Finally, there
are publication bias and substantial heterogeneity among studies.
By subgroup analyses, we found that type of nICI combination,
nICI class, and PD-L1 expression might account for some
heterogeneity for MPR and/or pCR.

Conclusions

nCI combination therapy is associated with higher MPR and
PCR rates compared to nCT and nICI monotherapy, and with
acceptable tolerability. PD-L1 status appears to be predictive of
MPR and pCR in patients receiving nICI. PD-1 inhibitor appears
to be superior to PD-L1 inhibitor. Patients with stage 3 seem to
benefit more from nICI combination therapy than patients with
stages 1-2. Nevertheless, these findings are hypothesis-
generating and require further validation by large RCTs.
Moreover, future trials of nICI with long-term survival
outcomes are wanted to clarify the correlation between MPR
and overall survival.

References

1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2017. CA Cancer ] Clin
(2017) 67(1):7-30. doi: 10.3322/caac.21387

2. Carnio S, Novello S, Papotti M, Loiacono M, Scagliotti GV. Prognostic and
predictive biomarkers in early stage non-small cell lung cancer: tumor based

Frontiers in Oncology

10.3389/fonc.2022.901494

Data availability statement

The original contributions presented in the study are
included in the article/Supplementary Material. Further
inquiries can be directed to the corresponding author.

Ethics statement

Ethical review and approval was not required for the study
on human participants in accordance with the local legislation
and institutional requirements. The ethics committee waived the
requirement of written informed consent for participation.

Author contributions

Conception and design: JD. Collection and assembly of data:
HW and TL. Data analysis and interpretation: all authors.
Manuscript writing: all authors. Final approval of manuscript:
all authors.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/
fonc.2022.901494/full#supplementary-material

approaches including gene signatures. Transl Lung Cancer Res (2013) 2(5):372-81.
doi: 10.3978/j.issn.2218-6751.2013.10.05

3. Uramoto H, Tanaka F. Recurrence after surgery in patients with NSCLC. Transl
Lung Cancer Res (2014) 3(4):242-9. doi: 10.3978/j.issn.2218-6751.2013.12.05

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2022.901494/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2022.901494/full#supplementary-material
https://doi.org/10.3322/caac.21387
https://doi.org/10.3978/j.issn.2218-6751.2013.10.05
https://doi.org/10.3978/j.issn.2218-6751.2013.12.05
https://doi.org/10.3389/fonc.2022.901494
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Wang et al.

4. NSCLC Meta-analysis Collaborative Group. Preoperative chemotherapy for non-
small-cell lung cancer: a systematic review and meta-analysis of individual participant
data. Lancet (2014) 383(9928):1561-71. doi: 10.1016/S0140-6736(13) 62159-5

5. Jair Bar DU, Ofek E, Ackerstein A, Redinsky I, Golan N, Kamer I, et al.
Neoadjuvant pembrolizumab (Pembro) for early stage nonsmall cell lung cancer
(NSCLC): updated report of a phase I study, MK3475-223. ] Clin Oncol (2019) 37
(15_suppl):8534. doi: 10.1200/JC0O.2019.37.15_suppl.8534

6. Besse B, Adam J, Cozic N, Chaput-Gras N, Planchard D, Mezquita L, et al.
Neoadjuvant atezolizumab (A) for resectable non-small cell lung cancer (NSCLC):
Results from the phase I PRINCEPS trial. Ann Oncol (2020) 31(4_suppl):S794-5.
doi: 10.1016/j.annonc.2020.08.1417

7. Eichhorn F, Klotz LV, Kriegsmann M, Bischoff H, Schneider MA, Muley T,
et al. Neoadjuvant anti-programmed death-1 immunotherapy by pembrolizumab
in resectable non-small cell lung cancer: First clinical experience. Lung Canc (2021)
153:150-7. doi: 10.1016/j.Jungcan.2021.01.018

8. Forde PM, Chaft JE, Smith KN, Anagnostou V, Cottrell TR, Hellmann MD,
et al. Neoadjuvant PD-1 blockade in resectable lung cancer. N Engl ] Med (2018)
378(21):1976-86. doi: 10.1056/NEJMoal716078

9. Gao S, LiN, Gao S, Xue Q, Ying J, Wang S, et al. Neoadjuvant PD-1 inhibitor
(Sintilimab) in NSCLC. ] Thorac Oncol (2020) 15(5):816-26. doi: 10.1016/
j.jth0.2020.01.017

10. Lee J, Chaft ], Nicholas A, Patterson A, Wagqar S, Toloza E, et al. Surgical and
clinical outcomes with neoadjuvant atezolizumab in resectable stage IB-IIIB
NSCLC: LCMC3 trial primary analysis. ] Thorac Oncol (2021) 16(35):S59-61.
doi: 10.1016/j.jth0.2021.01.320

11. Tong BC, Gu L, Wang X, Wigle DA, Phillips JD, Harpole DH Jr, et al.
Perioperative outcomes of pulmonary resection after neoadjuvant pembrolizumab
in patients with non-small cell lung cancer. ] Thorac Cardiovasc Surg (2021) 163
(2):427-26. doi: 10.1016/j.jtcvs.2021.02.099

12. Wislez M, Mazieres ], Lavole A, Zalcman G, Carre O, Egenod T, et al.
Neoadjuvant durvalumab in resectable non-small cell lung cancer (NSCLC):
Preliminary results from a multicenter study (IFCT-1601 IONESCO). Ann Oncol
(2020) 31(4_suppl):S794. doi: 10.1016/j.annonc.2020.08.1416

13. Spicer J, Wang C, Tanaka F, et al. Surgical outcomes from the phase 3
CheckMate 816 trial: Nivolumab (NIVO) + platinum-doublet chemotherapy
(chemo) vs. chemo alone as neoadjuvant treatment for patients with resectable
non-small cell lung cancer (NSCLC). J Clin Oncol (2021) 15(Suppl):8503.
doi: 10.1200/ JCO1.42.02L1e.i39],.1Y5a_nsuXppl.8,5Z0h

14. Lei ], Yan X, Zhao ], Tian F, Lu Q, Jiang T, et al. A randomised, controlled,
multicenter phase II trial of camrelizumab combined with albumin-bound
paclitaxel and cisplatin as neoadjuvant treatment in locally advanced NSCLC.
Ann Oncol (2020) 31(7_suppl):S1441-2. doi: 10.1016/j.annonc.2020.10.550

15. Provencio M, Nadal E, Insa A, Garcia-Campelo MR, Casal-Rubio J,
Domine M, et al. Neoadjuvant chemotherapy and nivolumab in resectable non-
small-cell lung cancer (NADIM): an open-label, multicentre, single-arm, phase 2
trial. Lancet Oncol (2020) 21(11):1413-22. doi: 10.1016/S1470-2045(20)30453-8

16. Rothschild SI, Zippelius A, Eboulet EI, Savic Prince S, Betticher D, Bettini A,
et al. SAKK 16/14: Durvalumab in addition to neoadjuvant chemotherapy in
patients with stage IITA(N2) non-Small-Cell lung cancer-a multicenter single-arm
phase II trial. J Clin Oncol (2021) 39(26):2872-80. doi: 10.1200/JCO.21.00276

17. Shen D, WangJ, Wu ], Chen S, LiJ, Liu J, et al. Neoadjuvant pembrolizumab
with chemotherapy for the treatment of stage IIB-IIIB resectable lung squamous
cell carcinoma. J Thorac Dis (2021) 13(3):1760-8. doi: 10.21037/jtd-21-103

18. Shu CA, Gainor JF, Awad MM, Chiuzan C, Grigg CM, Pabani A, et al.
Neoadjuvant atezolizumab and chemotherapy in patients with resectable non-
small-cell lung cancer: an open-label, multicentre, single-arm, phase 2 trial. Lancet
Oncol (2020) 21(6):786-95. doi: 10.1016/S1470-2045(20)30140-6

19. Tfayli A, Al Assaad M, Fakhri G, Akel R, Atwi H, Ghanem H, et al.
Neoadjuvant chemotherapy and avelumab in early stage resectable nonsmall cell
lung cancer. Cancer Med (2020) 9(22):8406-11. doi: 10.1002/cam4.3456

20. Wang J, Li ], Cai L, Chen S, Jiang Y. The safety and efficacy of neoadjuvant
programmed death 1 inhibitor therapy with surgical resection in stage IIIA non-
small cell lung cancer. Ann Transl Med (2021) 9(6):486. doi: 10.21037/atm-21-670

21. Yang CJ, McSherry F, Mayne NR, Wang X, Berry MF, Tong B, et al. Surgical
outcomes after neoadjuvant chemotherapy and ipilimumab for non-small cell
lung cancer. Ann Thorac Surg (2018) 105(3):924-9. doi: 10.1016/
j-athoracsur.2017.09.030

22. Zhao ZR, Yang CP, Chen S, Yu H, Lin YB, Lin YB, et al. Phase 2 trial of
neoadjuvant toripalimab with chemotherapy for resectable stage III non-small-cell
lung cancer. Oncoimmunology. (2021) 10(1):1996000. doi: 10.1080/
2162402X.2021.1996000

23. Zinner R, Axelrod R , Solomides CC, Cowan S, Leiby B, Bhatia AK, et al.
Neoadjuvant nivolumab (N) plus cisplatin (C)/pemetrexed (P) or cisplatin
/gemcitabine (G) in resectable NSCLC. J Clin Oncol (2020) 15(Suppl):9051-1.
doi: 10.1200/JC0O.2020.38.15_suppl.9051

Frontiers in Oncology

11

10.3389/fonc.2022.901494

24. Reuss JE, Anagnostou V, Cottrell TR, Smith KN, Verde F, Zahurak M, et al.
Neoadjuvant nivolumab plus ipilimumab in resectable non-small cell lung cancer.
J Immunother Canc (2020) 8(2):e001282. doi: 10.1136/jitc-2020-001282

25. Cascone T, William WN Jr, Weissferdt A, Leung CH, Lin HY, Pataer A,
et al. Neoadjuvant nivolumab or nivolumab plus ipilimumab in operable non-small
cell lung cancer: the phase 2 randomized NEOSTAR trial. Nat Med (2021) 27
(3):504-14. doi: 10.1038/s41591-020-01224-2

26. Altorki NK, McGraw TE, Borczuk AC, Saxena A, Port JL, Stiles BM, et al.
Neoadjuvant durvalumab with or without stereotactic body radiotherapy in
patients with early-stage non-small-cell lung cancer: a single-centre, randomised
phase 2 trial. Lancet Oncol (2021) 22(6):824-35. doi: 10.1016/S1470-2045(21)
00149-2

27. Hong MH, Ahn BC, Kim HR, Lim SM, Lee S, Park SY, et al. Interim analysis
of neoadjuvant chemoradiotherapy (NCRT) and durvalumab for potentially
resectable stage III NSCLC. J Thorac Oncol (2021) 16(Suppl):S194-5. doi:
10.1016/}.jtho.2021.01.084

28. Lemmon C, Videtic GMM, Murthy SC, Stephans KL, Shapiro MA, Ahmad
U, et al. A phase I safety and feasibility study of neoadjuvant chemoradiation plus
pembrolizumab followed by consolidation pembrolizumab in resectable stage ITIA
non-small cell lung cancer. J Clin Oncol (2020) 15(Suppl):9009. doi: 10.1200/
JC0.2020.38.15_suppl.9009

29. Pataer A, Kalhor N, Correa AM, Raso MG, Erasmus JJ, Kim ES, et al.
Histopathologic response criteria predict survival of patients with resected lung
cancer after neoadjuvant chemotherapy. J Thorac Oncol (2012) 7(5):825-32. doi:
10.1097/JTO.0b013e318247504a

30. Hellmann MD, Chaft JE, William WN]Jr., Rusch V, Pisters KM, Kalhor N,
et al. Pathological response after neoadjuvant chemotherapy in resectable non-
small-cell lung cancers: proposal for the use of major pathological response as a
surrogate endpoint. Lancet Oncol (2014) 15(1):e42-50. doi: 10.1016/S1470-2045
(13)70334-6

31. Moher D, Liberati A, Tetzlaff J, Altman DG. PRISMA Group. Preferred
reporting items for systematic reviews and meta-analyses: the PRISMA statement.
Int J Surg (2010) 8(5):336-41. doi: 10.1016/j.ijsu.2010.02.007

32. Higgins JP, Altman DG, Getzsche PC, Jini P, Moher D, Oxman AD, et al.
The cochrane collaboration's tool for assessing risk of bias in randomised trials.
BM]J (2011) 343:d5928. doi: 10.1136/bm;j.d5928

33. Begg CB, Mazumdar M. Operating characteristics of a rank correlation test
for publication bias. Biometrics. (1994) 50(4):1088-101. doi: 10.2307/2533446

34. Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis
detected by a simple, graphical test. BMJ. (1997) 315(7109):629-34. doi: 10.1136/
bm;j.315.7109.629

35. Date H, Kiura K, Ueoka H, Tabata M, Aoe M, Andou A, et al. Preoperative
induction chemotherapy with cisplatin and irinotecan for pathological N(2) non-
small cell lung cancer. Br ] Canc (2002) 86(4):530-3. doi: 10.1038/s].bjc.6600117

36. De Marinis F, Nelli F, Migliorino MR, Martelli O, Cortesi E, Treggiari S,
et al. Gemcitabine, paclitaxel, and cisplatin as induction chemotherapy for patients
with biopsy-proven stage IITA(N2) nonsmall cell lung carcinoma: a phase II
multicenter study. Cancer. (2003) 98(8):1707-15. doi: 10.1002/cncr.11662

37. Nagai K, Tsuchiya R, Mori T, Tada H, Ichinose Y, Koike T, et al. A
randomized trial comparing induction chemotherapy followed by surgery with
surgery alone for patients with stage IITA N2 non-small cell lung cancer (JCOG
9209). ] Thorac Cardiovasc Surg (2003) 125(2):254-60. doi: 10.1067/mtc.2003.15

38. Brechot J, Saintigny P, Azorin J, Va.leyre D, Breau J, Morére J, et al. A
phase IT randomised study of gemcitabine cisplatin (GP) vs. mitomycin ifosfamide
cisplatin (MIP) as neoadjuvant chemotherapy in resectable stage-Illa non small cell
lung cancer (NSCLC). Lung Cancer (2005) 49(2_suppl):592. doi: 10.1016/S0169-
5002(05)80419-2

39. Ramnath N, Sommers E, Robinson L, Nwogu C, Sharma A, Cantor A, et al.
Phase II study of neoadjuvant chemotherapy with gemcitabine and vinorelbine in
resectable non-small cell lung cancer. Chest. (2005) 128(5):3467-74. doi: 10.1378/
chest.128.5.3467

40. Abratt RP, Lee JS, Han JY, Tsai CM, Boyer M, Mok, et al. Phase II trial of
gemcitabine-carboplatin-paclitaxel as neoadjuvant chemotherapy for operable
non-small cell lung cancer. J Thorac Oncol (2006) 1(2):135-40. doi: 10.1097/
01243894-200602000-00006

41. Betticher DC, Hsu Schmitz SF, Tétsch M, Hansen E, Joss C, von Briel C,
et al. Prognostic factors affecting long-term outcomes in patients with resected
stage IITA pN2 non-small-cell lung cancer: 5-year follow-up of a phase II study. Br ]
Canc (2006) 94(8):1099-106. doi: 10.1038/5j.bjc.6603075

42. Aydiner A, Kiyik M, Cikrikcioglu S, Kosar F, Gurses A, Turna A, et al.
Gemcitabine and cisplatin as neo-adjuvant chemotherapy for non-small cell lung
cancer: a phase II study. Lung Canc (2007) 58(2):246-52. doi: 10.1016/
j.lungcan.2007.06.006

43. Gilligan D, Nicolson M, Smith I, Groen H, Dalesio O, Goldstraw P, et al.
Preoperative chemotherapy in patients with resectable non-small cell lung cancer:

frontiersin.org


https://doi.org/10.1016/S0140-6736(13) 62159-5
https://doi.org/10.1200/JCO.2019.37.15_suppl.8534
https://doi.org/10.1016/j.annonc.2020.08.1417
https://doi.org/10.1016/j.lungcan.2021.01.018
https://doi.org/10.1056/NEJMoa1716078
https://doi.org/10.1016/j.jtho.2020.01.017
https://doi.org/10.1016/j.jtho.2020.01.017
https://doi.org/10.1016/j.jtho.2021.01.320
https://doi.org/10.1016/j.jtcvs.2021.02.099
https://doi.org/10.1016/j.annonc.2020.08.1416
https://doi.org/10.1200/ JCO1.42.02L1e.i39J,.1Y5a_nsuXppl.8,5Z0h
https://doi.org/10.1016/j.annonc.2020.10.550
https://doi.org/10.1016/S1470-2045(20)30453-8
https://doi.org/10.1200/JCO.21.00276
https://doi.org/10.21037/jtd-21-103
https://doi.org/10.1016/S1470-2045(20)30140-6
https://doi.org/10.1002/cam4.3456
https://doi.org/10.21037/atm-21-670
https://doi.org/10.1016/j.athoracsur.2017.09.030
https://doi.org/10.1016/j.athoracsur.2017.09.030
https://doi.org/10.1080/2162402X.2021.1996000
https://doi.org/10.1080/2162402X.2021.1996000
https://doi.org/10.1200/JCO.2020.38.15_suppl.9051
https://doi.org/10.1136/jitc-2020-001282
https://doi.org/10.1038/s41591-020-01224-2
https://doi.org/10.1016/S1470-2045(21)00149-2
https://doi.org/10.1016/S1470-2045(21)00149-2
https://doi.org/10.1016/j.jtho.2021.01.084
https://doi.org/10.1200/JCO.2020.38.15_suppl.9009
https://doi.org/10.1200/JCO.2020.38.15_suppl.9009
https://doi.org/10.1097/JTO.0b013e318247504a
https://doi.org/10.1016/S1470-2045(13)70334-6
https://doi.org/10.1016/S1470-2045(13)70334-6
https://doi.org/10.1016/j.ijsu.2010.02.007
https://doi.org/10.1136/bmj.d5928
https://doi.org/10.2307/2533446
https://doi.org/10.1136/bmj.315.7109.629
https://doi.org/10.1136/bmj.315.7109.629
https://doi.org/10.1038/sj.bjc.6600117
https://doi.org/10.1002/cncr.11662
https://doi.org/10.1067/mtc.2003.15
https://doi.org/10.1016/S0169-5002(05)80419-2
https://doi.org/10.1016/S0169-5002(05)80419-2
https://doi.org/10.1378/chest.128.5.3467
https://doi.org/10.1378/chest.128.5.3467
https://doi.org/10.1097/01243894-200602000-00006
https://doi.org/10.1097/01243894-200602000-00006
https://doi.org/10.1038/sj.bjc.6603075
https://doi.org/10.1016/j.lungcan.2007.06.006
https://doi.org/10.1016/j.lungcan.2007.06.006
https://doi.org/10.3389/fonc.2022.901494
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Wang et al.

results of the MRC LU22/NVALT 2/EORTC 08012 multicentre randomised trial
and update of systematic review. Lancet. (2007) 369(9577):1929-37. doi: 10.1016/
S0140-6736(07)60714-4

44. Martins RG, Dienstmann R, de Biasi P, Dantas K, Santos V, Toscano E, et al.
Phase II trial of neoadjuvant chemotherapy using alternating doublets in non-small-
cell lung cancer. Clin Lung Canc (2007) 8(4):257-63. doi: 10.3816/CLC.2007.n.003

45. Detterbeck FC, Socinski MA, Gralla R], Edelman M]J, Jahan TM, Loesch
DM, et al. Neoadjuvant chemotherapy with gemcitabine-containing regimens in
patients with early-stage non-small cell lung cancer. ] Thorac Oncol (2008) 3(1):37—
45, doi: 10.1097/JTO.0b013e31815e5d9a

46. Kunitoh H, Kato H, Tsuboi M, Asamura H, Tada H, Nagai K, et al. A
randomised phase II trial of preoperative chemotherapy of cisplatin-docetaxel or
docetaxel alone for clinical stage IB/II non-small-cell lung cancer results of a Japan
clinical oncology group trial (JCOG 0204). Br J Canc (2008) 99(6):852-7. doi:
10.1038/5j.bjc.6604613

47. Thomas M, Riibe C, Hoftknecht P, Macha HN, Freitag L, Linder A, et al.
Effect of preoperative chemoradiation in addition to preoperative chemotherapy: a
randomised trial in stage III non-small-cell lung cancer. Lancet Oncol (2008) 9
(7):636-48. doi: 10.1016/51470-2045(08)70156-6

48. Girard N, Mornex F, Douillard JY, Bossard N, Quoix E, Beckendorf V, et al.
Is neoadjuvant chemoradiotherapy a feasible strategy for stage IIIA-N2 non-small
cell lung cancer? mature results of the randomized IFCT-0101 phase II trial. Lung
Canc (2010) 69(1):86-93. doi: 10.1016/j.lungcan.2009.10.003

49. LiJ, Yu CL, Chen P, Shi SB, Dai CH, Wu JR. Randomized controlled trial of
neoadjuvant chemotherapy with cisplatin and vinorelbine in patients with stage
TIIA non-small cell lung cancer in China. Asia-Pacific ] Clin Oncol (2009) 5:87-94.
doi: 10.1111/j.1743-7563.2009.01196.x

50. Felip E, Rosell R, Maestre JA, Rodriguez-Paniagua JM, Moran T, Astudillo J,
et al. Preoperative chemotherapy plus surgery versus surgery plus adjuvant
chemotherapy versus surgery alone in early-stage non-small-cell lung cancer. J
Clin Oncol (2010) 28(19):3138-45. doi: 10.1200/JCO.2009.27.6204

51. Pisters KM, Valli¢res E, Crowley JJ, Franklin WA, Bunn PAJr, Ginsberg R],
et al. Surgery with or without preoperative paclitaxel and carboplatin in early-stage
non-small-cell lung cancer: Southwest oncology group trial $9900, an intergroup,
randomized, phase III trial. J Clin Oncol (2010) 28(11):1843-9. doi: 10.1200/
JCO.2009.26.1685

52. Ahmed S, Birnbaum AE, Safran HP, Dipetrillo TA, Aswad BI, Ready NE,
et al. Pathologic response after neoadjuvant carboplatin and weekly paclitaxel for
early-stage lung cancer: a brown university oncology group phase II study. ] Thorac
Oncol (2011) 6(8):1432-4. doi: 10.1097/JTO.0b013e3182209043

53. Berghmans T, Lafitte JJ, Giner V, Berchier MC, Scherpereel A, Lewin D,
et al. Final results and pharmacoeconomic analysis of a trial comparing two
neoadjuvant chemotherapy (CT) regimens followed by surgery in patients with
resectable non-small cell lung cancer (NSCLC): a phase II randomised study by the
European lung cancer working party. Lung Canc (2012) 77(3):605-10. doi:
10.1016/j.lungcan.2012.04.020

54. Scagliotti GV, Pastorino U, Vansteenkiste JF, Spaggiari L, Facciolo F,
Orlowski TM, et al. Randomized phase III study of surgery alone or surgery plus
preoperative cisplatin and gemcitabine in stages IB to IIIA non-small-cell lung
cancer. J Clin Oncol (2012) 30(2):172-8. doi: 10.1200/JC0.2010.33.7089

55. Chaft JE, Rusch V, Ginsberg MS, Paik PK, Finley DJ, Kris MG, et al. Phase II
trial of neoadjuvant bevacizumab plus chemotherapy and adjuvant bevacizumab in
patients with resectable nonsquamous non-small-cell lung cancers. ] Thorac Oncol
(2013) 8(8):1084-90. doi: 10.1097/JTO.0b013e31829923ec

56. Dy GK, Bogner PN, Tan W, Demmy TL, Farooq A, Chen H, et al. Phase II
study of perioperative chemotherapy with cisplatin and pemetrexed in non-small-cell
lung cancer. ] Thorac Oncol (2014) 9(2):222-30. doi: 10.1097/JT0O.0000000000000062

Frontiers in Oncology

12

10.3389/fonc.2022.901494

57. Pless M, Stupp R, Ris HB, Stahel RA, Weder W, Thierstein S, et al. Induction
chemoradiation in stage IIIA/N2 non-small-cell lung cancer: a phase 3 randomised
trial. Lancet (2015) 386(9998):1049-56. doi: 10.1016/50140-6736(15)60294-X

58. Cascone T, Gold KA, Swisher SG, Liu DD, Fossella FV, Sepesi B, et al.
Induction cisplatin docetaxel followed by surgery and erlotinib in non-small cell
lung cancer. Ann Thorac Surg (2018) 105(2):418-24. doi: 10.1016/
j.athoracsur.2017.08.052

59. Hainsworth JD, Waterhouse DM, Shih KC, Boccia RV, Priego VM,
McCleod M]J, et al. Phase II trial of preoperative pemetrexed plus carboplatin in
patients with stage IB-III nonsquamous non-small cell lung cancer (NSCLC). Lung
Canc (2018) 118:6-12. doi: 10.1016/j.lungcan.2018.01.009

60. Mittal A, Malik PS, Kumar S, Saikia J, Chitikela S, Khurana S, et al. Dose-
dense paclitaxel and carboplatin as neoadjuvant chemotherapy for stage IIB/IITA
non-small cell lung cancer - a phase II trial. Clin Oncol (R Coll Radiol) (2021) 33
(12):¢553-60. doi: 10.1016/j.clon.2021.07.008

61. Zhu J, Zhang Y, Wang M, Zhang Z, Yue D, Liu S, et al. Outcomes in 36
patients with stage IITA-N2 squamous cell carcinoma of the lung treated with nab-
paclitaxel plus carboplatin as neoadjuvant therapy: A prospective study from a
single center. Med Sci Monit (2021) 27:€930738. doi: 10.12659/MSM.930738

62. Gutierrez-Sainz L, Cruz-Castellanos P, Higuera O, de Castro-Carpeo J.
Neoadjuvant chemoimmunotherapy in patients with resectable non-small cell lung
cancer. Curr Treat Options Oncol (2021) 22(10):91. doi: 10.1007/s11864-021-
00885-6

63. William WNJr, Pataer A, Kalhor N, Correa AM, Rice DC, Wistuba II, et al.
Computed tomography RECIST assessment of histopathologic response and
prediction of survival in patients with resectable non-small-cell lung cancer after
neoadjuvant chemotherapy. J Thorac Oncol (2013) 8(2):222-8. doi: 10.1097/
JTO.0b013e3182774108

64. Tao X, Li N, Wu N, He ], Ying J, Gao S, et al. The efficiency of (18)F-FDG
PET-CT for predicting the major pathologic response to the neoadjuvant PD-1
blockade in resectable non-small cell lung cancer. Eur ] Nucl Med Mol Imaging
(2020) 47(5):1209-19. doi: 10.1007/500259-020-04711-3

65. Xue C, Dong H, Chen Y, Lu X, Zheng S, Cui H. Neoadjuvant immune
checkpoint inhibitors in non-small cell lung cancer. J Coll Physicians Surg Pak
(2022) 32(6):779-88. doi: 10.29271/jcpsp.2022.06.779

66. Jiang J, Wang Y, Gao Y, Sugimura H, Minervini F, Uchino J, et al.
Neoadjuvant immunotherapy or chemoimmunotherapy in non-small cell lung
cancer: a systematic review and meta-analysis. Transl Lung Cancer Res (2022) 11
(2):277-94. doi: 10.21037/tlcr-22-75

67. Deng H, Zhao Y, Cai X, Chen H, Cheng B, Zhong R, et al. PD-L1 expression
and tumor mutation burden as pathological response biomarkers of neoadjuvant
immunotherapy for early-stage non-small cell lung cancer: A systematic review and
meta-analysis. Crit Rev Oncol Hematol (2022) 170:103582. doi: 10.1016/
j.critrevonc.2022.103582

68. Cao C, Le A, Bott M, Yang CJ, Gossot D, Melfi F, et al. Meta-analysis of
neoadjuvant immunotherapy for patients with resectable non-small cell lung
cancer. Curr Oncol (2021) 28(6):4686-701. doi: 10.3390/curroncol28060395

69. Zhang C, Hong HZ, Wu YL, Zhong WZ. Short-term outcome of
neoadjuvant immunotherapy and chemotherapy in non-small cell lung cancer: A
systematic review and meta-analysis. JTCVS Open (2021) 8:588-607. doi: 10.1016/
jXjon.2021.08.036

70. Jia XH, Xu H, Geng LY, Jiao M, Wang W], Jiang LL, et al. Efficacy and safety
of neoadjuvant immunotherapy in resectable nonsmall cell lung cancer: A meta-
analysis. Lung Canc (2020) 147:143-53. doi: 10.1016/j.lungcan.2020.07.001

71. Saw SPL, Ong BH, Chua KLM, Takano A, Tan DSW. Revisiting
neoadjuvant therapy in non-small-cell lung cancer. Lancet Oncol (2021) 22(11):
e501-16. doi: 10.1016/S1470-2045(21)00383-1

frontiersin.org


https://doi.org/10.1016/S0140-6736(07)60714-4
https://doi.org/10.1016/S0140-6736(07)60714-4
https://doi.org/10.3816/CLC.2007.n.003
https://doi.org/10.1097/JTO.0b013e31815e5d9a
https://doi.org/10.1038/sj.bjc.6604613
https://doi.org/10.1016/S1470-2045(08)70156-6
https://doi.org/10.1016/j.lungcan.2009.10.003
https://doi.org/10.1111/j.1743-7563.2009.01196.x
https://doi.org/10.1200/JCO.2009.27.6204
https://doi.org/10.1200/JCO.2009.26.1685
https://doi.org/10.1200/JCO.2009.26.1685
https://doi.org/10.1097/JTO.0b013e3182209043
https://doi.org/10.1016/j.lungcan.2012.04.020
https://doi.org/10.1200/JCO.2010.33.7089
https://doi.org/10.1097/JTO.0b013e31829923ec
https://doi.org/10.1097/JTO.0000000000000062
https://doi.org/10.1016/S0140-6736(15)60294-X
https://doi.org/10.1016/j.athoracsur.2017.08.052
https://doi.org/10.1016/j.athoracsur.2017.08.052
https://doi.org/10.1016/j.lungcan.2018.01.009
https://doi.org/10.1016/j.clon.2021.07.008
https://doi.org/10.12659/MSM.930738
https://doi.org/10.1007/s11864-021-00885-6
https://doi.org/10.1007/s11864-021-00885-6
https://doi.org/10.1097/JTO.0b013e3182774108
https://doi.org/10.1097/JTO.0b013e3182774108
https://doi.org/10.1007/s00259-020-04711-3
https://doi.org/10.29271/jcpsp.2022.06.779
https://doi.org/10.21037/tlcr-22-75
https://doi.org/10.1016/j.critrevonc.2022.103582
https://doi.org/10.1016/j.critrevonc.2022.103582
https://doi.org/10.3390/curroncol28060395
https://doi.org/10.1016/j.xjon.2021.08.036
https://doi.org/10.1016/j.xjon.2021.08.036
https://doi.org/10.1016/j.lungcan.2020.07.001
https://doi.org/10.1016/S1470-2045(21)00383-1
https://doi.org/10.3389/fonc.2022.901494
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Neoadjuvant immunotherapy and neoadjuvant chemotherapy in resectable non-small cell lung cancer: A systematic review and single-arm meta-analysis
	Introduction
	Methods
	Literature search strategy
	Inclusion and exclusion criteria
	Data extraction
	Quality assessment
	Statistical analysis

	Results
	Eligible studies
	Assessment of included studies and publication bias
	Outcomes of nICI vs. nCT
	MPR
	pCR
	ORR
	Grade &ge;3 TRAEs
	Surgical resection rate
	R0 resection rate
	Surgical complication

	Sensitivity analysis
	nICI vs. nCT in studies published within the last 5 years
	Subgroup analyses of MPR and pCR in patients receiving nICI
	Type of nICI combination
	Type of nICI monotherapy
	PD-L1 expression
	Clinical stage
	Histological type


	Discussion
	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


