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Introduction: The interval between neoadjuvant immunochemotherapy and

surgery in patients with non-small cell lung cancer (NSCLC) has not been well

characterized. This study investigated the association between the time-to-

surgery (TTS) interval and surgical–pathological outcomes.

Method: Clinical data of patients who received neoadjuvant immun-

ochemotherapy followed by surgery for NSCLC between January 2019 and

September 2021 were collected. The patients were divided into three groups

based on TTS interval: the early-surgery group (ESG), the standard-surgery

group (SSG), and the delayed-surgery group (DSG). The primary outcomes

were objective response rate (ORR), major pathological response (MPR),

and pathological complete response (pCR). The secondary endpoint was

surgical outcome.

Results: Of the 171 patients, 16 (9.4%) received surgery in ≤28 days, 49 (28.7%)

received surgery within 29–42 days, and 106 (61.9%) received surgery in ≥43

days after neoadjuvant immunochemotherapy, with a median TTS of 46 days.

The postoperative drainage of the ESG group (455.1 ml) was significantly less

than that of the SSG group (680.7 ml) and the DSG group (846.5 ml; p = 0.037).

However, the TTS interval did not influence the duration of the operation

(P = 0.54), the extent of intraoperative bleeding (P = 0.60), or the length of

postoperative hospital stay (P = 0.17). The ORR was observed in 69%, 51%, and

56% of patients in the ESG, the SSG, and the DSG, respectively (P = 0.46), and

MPR occurred in 50%, 47%, and 58% (P = 0.38) of patients in the ESG, the SSG,

and the DSG, respectively. Similarly, no statistically significant difference was

found for pCR (ESG: 31%; SSG: 27%; DSG: 42%; P = 0.14).
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Conclusion: This retrospective study indicated that TTS exerts no significant

effect on the feasibility and safety of surgery in the neoadjuvant

immunochemotherapy setting of NSCLC. Analysis of the TTS interval

revealed a tendency for delayed surgery to be associated with a pathological

response in NSCLC, although this association was not statistically significant.
KEYWORDS

time-to-surgery (TTS) interval, surgery, surgical safety, pathological outcomes,
neoadjuvant immunotherapy
Introduction

Lung cancer remains the leading cause of cancer-related

death worldwide (1, 2), accounting for 24% and 23% of cancer-

related deaths in men and women, respectively. In the past few

years, preoperative programmed cell death protein 1 (PD-1) or

its ligand, PD-L1, alone or combined chemotherapy, has been

investigated in several clinical trials of non-small cell lung cancer

(NSCLC) (3–7). This treatment pattern, which can effectively

reduce the size of locally advanced tumors and improve their

pathological response (8), is recommended for early-stage

NSCLC and resectable, locally advanced NSCLC.

Previously, Liu et al. (9) established a spontaneously metastatic

cancer model in mice with 4T1.2 and E0771 cancer cell types and

demonstrated that a short duration (4–5 days) between the first

administration of neoadjuvant immunotherapy and resection of the

primary tumor was necessary for optimal efficacy and that extending

this duration (≥10 days) or giving neoadjuvant immunotherapy too

close to surgery (≤2 days) reduced immunotherapy efficacy. These

results suggest that the time-to-surgery (TTS) interval should be

carefully considered to achieve a better oncological outcome.

However, limited data exist to determine the optimal TTS in

NSCLC, particularly in the neoadjuvant immunochemotherapy

setting. According to the latest expert consensus (10), it is

recommended that surgery be performed 4–6 weeks after the last

cycle of neoadjuvant immunochemotherapy. Nevertheless, no

research has validated this recommendation or thoroughly

investigated the association between the TTS interval and

pathological downstaging. Furthermore, whether a long TTS

interval increases surgical difficulty has not been established.

We thus conducted a population-based, real-world,

retrospective study to evaluate whether TTS impacts surgical

and pathological outcomes.
Method

Patients who had biopsy-confirmed, clinical stage II/III

NSCLC and who received neoadjuvant immunochemotherapy
02
followed by surgery for NSCLC between January 2019 and

September 2021 were identified from the clinical data. The

preoperative and postoperative staging were evaluated in

accordance with the eighth American Joint Committee on

Cancer (AJCC) and lung cancer staging manuals on the

tumor, node, and metastasis (TNM) staging systems (11). The

TTS interval was defined as the time from the day of the last

treatment cycle to the day of surgery. The patients were divided

into three groups based on TTS: the early-surgery group (ESG:

TTS ≤28 days; n = 16), the standard-surgery group (SSG: TTS

29–42 days; n = 49), and the delayed-surgery group (DSG: TTS

≥43 days; n = 106). The primary outcomes were the objective

response rate (ORR), the major pathological response (MPR)

rate, and the pathological complete response (pCR) rate. MPR

was defined as 10% or fewer viable tumor cells in the resected

primary tumor, and the pCR was defined as the removal of

carinal tissues and dissected lymph nodes without any viable

tumor. The surgical outcomes included operation time,

intraoperative bleeding, postoperative drainage, and hospital

stay. Multivariable regression analysis was conducted to adjust

for confounders such as tumor size, histology, and surgical

procedures. Odds ratios for pathological and surgical

outcomes were estimated by multivariate regression using

robust standard errors. Results are reported as odds ratios with

a 95% CI. All statistical analyses were conducted using the SPSS

v. 23 software (IBM Corp., Armonk, NY, USA).
Results

Baseline characteristics

A total of 171 patients were enrolled in the study, all of whom

underwent routine staging, including chest computed tomography

(CT) and endoscopy for histological biopsy. Most of the patients

(n = 126, 73.68%) had stage IIIA or IIIB disease. The average tumor

diameter prior to immunochemotherapy was 5.34 cm (a range of

1.6–15.2 cm). Detailed baseline characteristics and surgical and

oncological outcomes are summarized in Table 1. Twenty patients
frontiersin.org
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had delayed administration of neoadjuvant immunotherapy, mostly

due to the COVID-19 pandemic and their physical condition.

Because of the COVID-19 pandemic, there were 15 patients who

had delayed treatment, with five patients having delayed

immunochemotherapy due to their physical condition. Moreover,

no patient experienced a dose reduction. The TTS intervals after the

last cycle of immunochemotherapy ranged from 15 to 107 days,

with a median TTS of 46 days. There were 16 (9.4%) patients with

TTS ≤28 days, 49 (28.7%) patients with TTS between 29 and 42

days, and 106 (61.9%) patients with TTS ≥43 days.
Surgical outcomes and their relationship
between TTS

Of the 171 patients, 145 (85%) received lobectomy, 19 (11%)

underwent sleeve lobectomy, and seven were (4%) treated with

other types of lung resection. The vast majority of the patients

(n = 151, 88.3%) received minimally invasive surgery, and 20

patients were converted to thoracotomy, mostly due to serious

pleural adhesions and pulmonary arterial hemorrhage. In the
Frontiers in Oncology 03
overall cohort, the mean surgical time was 189.3 min (a range of

90–475 min). The mean intraoperative bleeding volume was

172.3 ml (a range of 5–4,000 ml). The average postoperative

drainage was 660.8 ml (a range of 10–3,830 ml). The average

postoperative hospital stay was 5.4days (a range of 2–21 days).

No 90-day surgical-related mortality was recorded. In this

analysis, postoperative drainage was associated with the TTS

interval. The drainage volume of the ESG group was significantly

lower than that of the SSG group and the DSG group (ESG, 455.1

vs. SSG, 680.7 vs. DSG, 846.5; P = 0.037). However, the TTS

showed no influence on the duration of operation (P = 0.54),

intraoperative bleeding volume (P=0.6), or postoperative

hospital (P=0.17).
Pathological response and the
relationship with TTS

The percentages of patients who achieved pCR in the SSG,

ESG, and DSG were 27%, 31%, and 42%, respectively (P = 0.14),

with a similar pattern occurring with MPR (DSG, 58% vs. ESG,
TABLE 1 Baseline characteristics of patients with NSCLC.

Covariate Full Sample (n = 171) Time ≤28 d (n = 16) Time 2,942 d (n =4 9) Time ≥43 d (n = 106) P value

Age 0.43

Mean (SD) 60.8 (8.7) 58.3 (9) 61.6 (7.6) 60.8 (9.2)

Median (Min, Max) 62 (25, 84) 57.5 (40, 73) 62 (45, 84) 62 (25, 77)

Sex 0.91

Female 26 (15) 3 (19) 7 (14) 16 (15)

Male 145 (85) 13 (81) 42 (86) 90 (85)

BMI 0.37

Mean (SD) 23 (2.6) 22.1 (1.7) 23.2 (3.4) 23.1 (2.3)

Median (Min, Max) 23 (16.7, 32.8) 21.3 (19.3, 25.2) 22.7 (16.7, 32.8) 23.1 (18.2, 29.2)

Cycles of treatment 0.19

≤2 73 (43) 3 (19) 26 (53) 44 (42)

3 42 (25) 7 (44) 8 (16) 27 (25)

4 32 (19) 5 (31) 9 (18) 18 (17)

5 16 (9) 1 (6) 5 (10) 10 (9)

≥6 8 (5) 0 (0) 1 (2) 7 (7)

Surgery safety 0.78

Open 20 (12) 2 (12) 7 (14) 11 (10)

Others 151 (88) 14 (88) 42 (86) 95 (90)

Surgery type 0.29

Lobectomy 145 (85) 12 (75) 40 (82) 93 (88)

Sleeve lobectomy 19 (11) 2 (12) 6 (12) 11 (10)

Others 7 (4) 2 (12) 3 (6) 2 (2)

Stage 0.33

Before 3 26 (15) 2 (12) 9 (18) 15 (14)

3a 65 (38) 4 (25) 20 (41) 41 (39)

3b 61 (36) 9 (56) 12 (24) 40 (38)

>3b 19 (11) 1 (6) 8 (16) 10 (9)
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50% vs. SSG, 47%; P = 0.38). Although not statistically

significant, a slightly higher proportion of patients achieved

pCR and MPR in the DSG. ORR showed no difference across

the three groups (DSG, 56% vs. ESG, 69% vs. SSG, 51%; P = 0.46;

Table 2). Moreover, multivariable regression analysis was

performed to adjust for confounders, including tumor size and

histology, and surgical procedures (Table 3).
Discussion

The current study indicated that early lung resection within

28 days is safe, as the postoperative morbidity, mortality, safety

of surgery, and pathological outcomes were similar across the

different study groups.

There is a paucity of data available on optimal TTS after

neoadjuvant immunochemotherapy in NSCLC, with more

evidence relating to other cancers. Bausys et al. (12) reported

that an interval of 30 days or less between the completion of

neoadjuvant treatment and surgery significantly correlated with

a higher MPR. Omarini et al. (13) and Sanford et al. (14)

concluded that a short interval between neoadjuvant

chemotherapy (NAC) and surgery might be more effective for

breast cancer patients. In contrast, Du et al. (15) demonstrated

that a prolonged interval (>8 weeks) contributed to a higher

pathological outcome in rectal cancer. Moreover, Terzi (16)
Frontiers in Oncology 04
reported that extending the interval between neoadjuvant

chemoradiation (NCRT) and surgery from 8 to 12 weeks led

to a 2-fold increase in the pCR rate. Similarly, a series of studies

(17–19) examining the NCRT pattern in esophageal cancer

consistently found a prolonged interval between NCRT and

esophagectomy to be significantly associated with a higher rate

of pCR. The same trend was observed in this study. Although

not statistically significant, a tendency toward higher MPR and

pCR was also found in patients undergoing delayed surgery.

According to Liu et al. (9), adequate time is necessary for the

antitumor response to develop after the administration of

immune checkpoint inhibitors. Additionally, patients need

time to recover from the short-term side effects of therapy. In

the trial by Amaria et al. (20), most of the enrolled patients

required a 9-week interval between the three doses of

neoadjuvant immunotherapy and surgery due to toxicity

issues. In terms of surgical difficulty and safety in the setting

of neoadjuvant immunotherapy, Liang et al. (21) found that it is

more difficult to perform lung resection after neoadjuvant

immunotherapy due to serious tissue edema and increased

capillary fragility, which may increase the risk of bleeding and

blood loss. Ma et al. (22) indicated that neoadjuvant therapy may

increase the chance of structural damage, and in their study, the

intraoperative bleeding of cases that received neoadjuvant

chemotherapy plus osophagectomy was higher than that for

those that received osophagectomy alone. To date, the
TABLE 2 Pathological and surgical outcomes of patients.

Covariate Time ≤28 d (n = 16) Time 29–42 d (n = 49) Time ≥43 d (n = 106) p-value

Surgery time (min) 0.54

Mean (sd) 202.2 (88.1) 189.2 (91.3) 176.5 (60.2)

Median (Min, Max) 175 (105, 475) 162.5 (85, 520) 160 (90, 350)

Blood loss (ml) 0.6

Mean (sd) 199.3 (437.4) 152.9 (275) 164.7 (470.9)

Median (Min, Max) 40 (20, 1,500) 50 (10, 1,100) 30 (5, 4,000)

Postoperative drainage (ml) 0.037

Mean (sd) 455.1 (345.2) 680.7 (505.8) 846.5 (693)

Median (Min, Max) 400 (22, 1,120) 505 (10, 2,000) 660 (10, 3,830)

Postoperative hospital stay (days) 0.17

Mean (sd) 4.8 (1.7) 5.4 (2.5) 6 (2.9)

Median (Min, Max) 4 (3, 8) 5 (2, 14) 5 (3, 21)

MPR 0.38

MPR 8 (50) 23 (47) 62 (58)

Others 8 (50) 26 (53) 44 (42)

PCR 0.14

pCR 5 (31) 13 (27) 45 (42)

Others 11 (69) 36 (73) 61 (58)

ORR 0.46

ORR 11 (69) 25 (51) 59 (56)

Others 5 (31) 24 (49) 47 (44)
fronti
The bold values meaned the postoperative drainage showed the satistical significance with TTS.
ersin.org

https://doi.org/10.3389/fonc.2022.909726
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Chen et al. 10.3389/fonc.2022.909726
relationship between surgical outcomes and TTS remains

unclear. This study showed that, although not statistically

significant, a tendency for increased intraoperative bleeding

occurred in patients undergoing delayed surgery, likely

because a longer TTS usually correlates with structural

damage. The COVID-19 pandemic has been responsible for

the widespread delay of surgeries. According to several previous

studies (23–25), COVID-19 was significantly associated with

postoperative complications and a higher rate of mortality. Lei

et al. (25) reported that the mortality rate of patients with

COVID-19 in their study was 20.5%, and 44.5% of patients

required intensive care in an intensive care unit after surgery.

Another study (26) indicated that surgery should be delayed

after COVID-19 to potentially prevent postoperative

complications. Furthermore, during the waves of the current

COVID-19 pandemic, the TTS has increased due to deferred

surgical resection as a result of operating room closures.

Therefore, a considerable number of patients receiving

neoadjuvant therapy may experience delayed operations.

Although TTS does not affect surgical indicators in the overall

population, a few cases suggest that prolonged TTS may still

affect the outcome of the operation, as shown in the following

patients. First, in this study, there were seven patients with

intraoperative bleeding of more than 1,000 ml after neoadjuvant

immunochemotherapy. All were treated with surgery in ≥43

days, with mean TTS intervals of 48 days (a range of 43–72 days)

after the last cycle of neoadjuvant immunochemotherapy. Of the
Frontiers in Oncology 05
seven patients with NSCLC, three had stage IIIA, two had stage

IIIB, and two had stage IIB. Moreover, five patients received

lobectomy and two underwent sleeve lobectomy. Serious pleural

adhesion occurred in all of the patients. Thus, randomized

controlled trials are required to verify these findings.

This study has several limitations. First, the decisions made

for TTS were possibly dependent on personal experience and

tumor radiological response. Second, this study was

retrospective with a limited sample size. Considering this is a

retrospective study, selection bias should be considered.

Conclusion

In this study, the TTS interval showed no significant effect

on surgical feasibility or safety in the neoadjuvant

immunochemotherapy setting of NSCLC. Pathological

outcomes, although not statistically significant, showed a trend

in which delayed surgery contributed to a better pathological

response. Further studies with larger sample sizes are needed for

validation of these findings.

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.
TABLE 3 Multivariable regression analysis was performed to adjust for confounders including tumor size and histology, and surgical procedures.

Outcomes TTS OR (95% CI) P-value

ORR ≤28 – –

29–42 0.31 (0.05–1.29) 0.13

≥43 0.37 (0.07–1.47) 0.19

MPR ≤28 – –

29–42 0.91 (0.26–3.19) 0.88

≥43 1.26 (0.39–4.08) 0.69

pCR ≤28 – –

29–42 0.45 (0.11–1.85) 0.26

≥43 0.96 (0.28–3.55) 0.95

Postoperative hospital stay ≤28 – –

29–42 1.11 (0.46–2.71) 0.81

≥43 1.60 (0.70–3.65) 0.26

Operative time ≤28 – –

29–42 7.33 × 10−11 (3.33 × 10−21–1.61 × 10) 0.06

≥43 2.25 × 10−4 (4.87 × 10–14–1.04 × 106) 0.46

Intraoperative bleeding ≤28 – –

29–42 1.38 × 1017 (1.27 × 10–13–1.50 × 1047) 0.26

≥43 3.36 × 109 (1.60 × 10-19–7.09×1037) 0.51

Postoperat ive drainage ≤28 – –

29–42 1.43 × 1070 (1.67 × 10-36–1.23×10176) 0.193

≥43 1.94 × 1074 (1.11 × 10−25—3.39 × 10173) 0.141
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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

6. Cascone T, William WN, Weissferdt A. Neoadjuvant nivolumab (N) or
nivolumab plus ipilimumab (NI) for resectable non-small cell lung cancer
(NSCLC): Clinical and correlative results from the NEOSTAR study. J Clin
Oncol (2019) 37:8504. doi: 10.1200/JCO.2019.37.15_suppl.8504

7. Forde PM, Spicer J, Lu S, Provencio M, Mitsudomi T, Awad MM, et al.
Neoadjuvant nivolumab plus chemotherapy in resectable lung cancer.N Engl J Med
(2022) 386:1973–198. doi: 10.1056/NEJMoa2202170

8. Cao C, Guo A, Chen C, Chakos A, Bott M, Yang C-FJ, et al. Systematic review
of neoadjuvant immunotherapy for patients with non-small cell lung cancer. Semin
Thorac Cardiovasc Surg (2021) 33(3):850–7. doi: 10.1053/j.semtcvs.2020.12.012

9. Liu J, O’Donnell JS, Yan J, Madore J, Allen S, Smyth MJ, et al. Timing of
neoadjuvant immunotherapy in relation to surgery is crucial for outcome.
Oncoimmunology (2019) 8(5):e1581530. doi: 10.1080/2162402X.2019.1581530

10. Liang W, Cai K, Chen C, Chen H, Chen Q, Fu J, et al. Expert consensus on
neoadjuvant immunotherapy for non-small cell lung cancer. Trans Lung Cancer
Res (2020) 9(6):2696–715. doi: 10.21037/tlcr-2020-63

11. Goldstraw P, Chansky K, Crowley J, Rami-Porta R, Asamura H, Eberhardt
WEE, et al. The IASLC lung cancer staging project: Proposals for revision of the
TNM stage groupings in the forthcoming (Eighth) edition of the TNM
classification for lung cancer. J Thorac Oncol (2016) 11(1):39–51. doi: 10.1016/
j.jtho.2015.09.009

12. Bausys A, Ümarik T, Luksta M, Reinsoo A, Rackauskas R, Anglickiene G,
et al. Impact of the interval between neoadjuvant chemotherapy and gastrectomy
on short- and long-term outcomes for patients with advanced gastric cancer. Ann
Surg Oncol (2021) 28(8):4444–55. doi: 10.1245/s10434-020-09507-1
13. Omarini C, Guaitoli G, Noventa S, Andreotti A, Gambini A, Palma E, et al.
Impact of time to surgery after neoadjuvantchemotherapy in operable breast cancer
patients. Eur J SurgOncol J Eur Soc Surg Oncol Br Assoc Surg Oncol (2017) 43:613–8.
doi: 10.1016/j.ejso.2016.09.020

14. Sanford RA, Lei X, Barcenas CH, Mittendorf EA, Caudle AS, Valero V, et al.
Impact of time from completion of neoadjuvantchemotherapy to surgery on
survival outcomes in breast cancerpatients. Ann Surg Oncol (2016) 23:1515–21.
doi: 10.1245/s10434-015-5020-3

15. Du D, Su Z, Wang D, Liu W, Wei Z. Optimal interval to surgeryafter
neoadjuvant chemoradiotherapy in rectal cancer: a system-atic review and meta-
analysis. Clin Colorectal Cancer (2018) 17:13–24. doi: 10.1016/j.clcc.2017.10.012

16. Terzi C, Bingul M, Arslan NC, Ozturk E, Canda AE, Isik O, et al.
Randomized controlled trial of 8 weeks’ versus 12 weeks’ interval between
neoadjuvant chemoradiotherapy and surgery forlocally advanced rectal cancer.
Colorectal Dis Off J AssocColoproctol G B Irel (2020) 22:279–88. doi: 10.1111/
codi.14867

17. Lee A, Wong AT, Schwartz D, Weiner JP, Osborn VW, Schreiber D. Is there
a benefit to prolonging the interval between neoadjuvant chemoradiation and
esophagectomy in esophageal cancer? Ann Thorac Surg (2016) 102(2):433–8.
doi: 10.1016/j.athoracsur.2016.02.058

18. Shaikh T, Ruth K, Scott WJ, Burtness BA, Cohen SJ, Konski AA, et al.
Increased time from neoadjuvant chemoradiation to surgery is associated with
higher pathologic complete response rates in esophageal cancer. Ann Thorac Surg
(2015) 99(1):270–6. doi: 10.1016/j.athoracsur.2014.08.033

19. Shapiro J, van Hagen P, Lingsma HF,Wijnhoven BPL, Biermann K, ten Kate
FJW, et al. Prolonged time to surgery after neoadjuvant chemoradiotherapy
increases histopathological response without affecting survival in patients with
esophageal or junctional cancer. Ann Surg (2014) 260(5):807–14. doi: 10.1097/
SLA.0000000000000966

20. Amaria RN, Reddy SM, Tawbi HA, Davies MA, Ross MI, Glitza IC, et al.
Neoadjuvant immune checkpoint blockade in high-risk resectable melanoma. Nat
Med (2018) 24(11):1649–54. doi: 10.1038/s41591-018-0197-1

21. Liang H, Yang C, Gonzalez-Rivas D, Zhong Y, He P, Deng H, et al. Sleeve
lobectomy after neoadjuvant chemoimmunotherapy/chemotherapy for local
advanced non-small cell lung cancer. Transl Lung Cancer Res (2021) 10(1):143–
55. doi: 10.21037/tlcr-20-778

22. Ma S, Yan T, Liu D, Wang K, Wang J, Song J, et al. Neoadjuvant
chemotherapy followed by minimally invasive esophagectomy is safe and feasible
for treatment of esophageal squamous cell carcinoma. Thorac Cancer (2018) 9
(2):310–5. doi: 10.1111/1759-7714.12590

23. Chang SH, Chen D, Paone D, Geraci TC, Scheinerman J, Bizekis C, et al.
Thoracic surgery outcomes for patients with coronavirus disease 2019. J Thorac
Cardiovasc Surg (2021) 162(6):1654–64. doi: 10.1016/j.jtcvs.2021.01.069
frontiersin.org

https://doi.org/10.1016/j.semcancer.2017.11.019
https://doi.org/10.1016/j.semcancer.2017.11.019
https://doi.org/10.3322/caac.21551
https://doi.org/10.1056/NEJMoa1716078
https://doi.org/10.21037/jtd-21-103
https://doi.org/10.1016/S1470-2045(20)30453-8
https://doi.org/10.1200/JCO.2019.37.15_suppl.8504
https://doi.org/10.1056/NEJMoa2202170
https://doi.org/10.1053/j.semtcvs.2020.12.012
https://doi.org/10.1080/2162402X.2019.1581530
https://doi.org/10.21037/tlcr-2020-63
https://doi.org/10.1016/j.jtho.2015.09.009
https://doi.org/10.1016/j.jtho.2015.09.009
https://doi.org/10.1245/s10434-020-09507-1
https://doi.org/10.1016/j.ejso.2016.09.020
https://doi.org/10.1245/s10434-015-5020-3
https://doi.org/10.1016/j.clcc.2017.10.012
https://doi.org/10.1111/codi.14867
https://doi.org/10.1111/codi.14867
https://doi.org/10.1016/j.athoracsur.2016.02.058
https://doi.org/10.1016/j.athoracsur.2014.08.033
https://doi.org/10.1097/SLA.0000000000000966
https://doi.org/10.1097/SLA.0000000000000966
https://doi.org/10.1038/s41591-018-0197-1
https://doi.org/10.21037/tlcr-20-778
https://doi.org/10.1111/1759-7714.12590
https://doi.org/10.1016/j.jtcvs.2021.01.069
https://doi.org/10.3389/fonc.2022.909726
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Chen et al. 10.3389/fonc.2022.909726
24. COVIDSurg Collaborative. Mortality and pulmonary complications in patients
undergoing surgery with perioperative SARS-CoV-2 infection: an international cohort
study. Lancet (2020) 396(10243):27–38. doi: 10.1016/S0140-6736(20)31182-X

25. Lei S, Jiang F, Su W, Chen C, Chen J, Mei W, et al. Clinical characteristics
and outcomes of patients undergoing surgeries during the incubation period of
Frontiers in Oncology 07
COVID-19 infection. EClinicalMedicine (2020) 21:100331. doi: 10.1016/
j.eclinm.2020.100331

26. COVIDSurg Collaborative and GlobalSurg Collaborative. Timing of surgery
following SARS-CoV-2 infection: an international prospective cohort study.
Anaesthesia (2021) 76(6):748–58. doi: 10.1111/anae.15458
frontiersin.org

https://doi.org/10.1016/S0140-6736(20)31182-X
https://doi.org/10.1016/j.eclinm.2020.100331
https://doi.org/10.1016/j.eclinm.2020.100331
https://doi.org/10.1111/anae.15458
https://doi.org/10.3389/fonc.2022.909726
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Impact of the interval between neoadjuvant immunochemotherapy and surgery on surgical–pathological outcomes in non-small cell lung cancer
	Introduction
	Method
	Results
	Baseline characteristics
	Surgical outcomes and their relationship between TTS
	Pathological response and the relationship with TTS

	Discussion
	Conclusion
	Data availability statement
	Ethics Statement
	Author contributions
	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


