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Warning Role of Postoperative

Purpose: The association between the process of postoperative pneumonia and lung cancer
recurrence remains elusive in lung cancer surgery. Herein, the association between post-
operative pneumonia and lung cancer recurrence was investigated, emphasizing the warning
role of postoperative specific pneumonia in primary lung cancer resection patients.
Methods: The occurrence of postoperative pneumonia was assessed in 4—6 months (PPFES),
7-12 months (PPST), and lung cancer recurrence within 1 year (LRO) in 332 patients. The
primary outcome was the development of PPST and LRO according to PPFS occurrence. The
relevant risk factors of PPFS, PPST, and LRO were identified through multivariable regres-
sion analysis.

Results: During follow-up, 151 (45.48%) participants experienced PPFS. Irrespective of the
existing postoperative pneumonia in 1-3 months (PPOT), PPFS significantly increased the
risk of PPST (P < 0.01) and LRO (P < 0.01), and persistent PPST further increased the risk
of LRO (P < 0.001). The generalized estimating equation identified chemotherapy as an
independent risk factor for PPFS and PPST.

Conclusion: PPFS was associated with the increased risk of PPST and LRO. Postoperative
pulmonary inflammation assessed 4 months post-surgery also significantly influenced LRO
development, indicating a need for close follow-up of lung inflammatory conditions to
improve patient outcomes.

Keywords: chemotherapy, targeted therapy, inflammatory environment, risk factors

Introduction

Lung cancer is the leading cause of cancer deaths worldwide, as it is a malignant
tumor with a high recurrence rate.! Hitherto, surgery is the leading curative therapy
for early-stage lung cancer.” The risk factors of postoperative pneumonia are related
to several causes, such as age, length of hospital stay, and previous antibiotic
treatment.> > The occurrence of postoperative pneumonia affects the outcome of
tumor treatment and has a significant correlation with the overall survival rate of
patients.®’

Smoking is the major risk factor for lung cancer.® Some studies reported that the
estimated prevalence rate of smoking is five times greater for men than women.
Recently, lung cancer in women who are nonsmokers is on the rise, especially in
Asia.”'® Wu et al'' also reported that women with pulmonary adenocarcinoma
were likely to be nonsmokers. Thus, female gender and a family history of lung
cancer are two major predicted groups of lung cancer recurrence. This association
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between pulmonary adenocarcinoma and nonsmokers has
also been shown by Hsu et al in 2018."2

Reportedly, during the first 4 years after surgery, the
risk of lung cancer recurrence ranged from 6% to 10%
per person-year.'> According to previous studies, the
overall mortality was 6% in the first year after surgery.
The risk of death due to lung cancer was 36%.'* The
mortality analysis of lung cancer patients revealed that
the number of cancer-related deaths is associated with
postoperative pneumonia.'>”'” Pneumonia is a common
complication after lung cancer surgery. Also, an associa-
tion between postoperative pneumonia and LRO was
observed in lung cancer surgery patients. Postoperative
pneumonia following lung cancer resection is an
immediate and common complication referred to as post-
operative pneumonia referred in 30 days (PPT). Previous
studies about postoperative pneumonia on risk assess-
ment mainly focused on the short term after lung cancer
resection. The long-term incidence of developing pneu-
monia after discharge and subsequent complications has
rarely attracted attention.

No comprehensive study has yet shown any correlation
between the occurrence of postoperative discharged pneu-
monia and lung cancer recurrence. To address the draw-
backs of these studies, we conducted a longitudinal

retrospective analysis to elucidate the correlation between
the chronic progression of postoperative pneumonia in
patients with lung cancer surgery and the recurrence of
lung cancer at 1 year after surgery. This study would
provide a valuable framework for selecting patients who
would benefit from close post-surgical follow-up.

Materials and Methods

Patients

This study included lung cancer patients who underwent
complete surgical resection in two comprehensive hospi-
tals from January 2015 to April 2020. The inclusion cri-
teria were as follows: histologically confirmed primary
lung cancer without metastatic tumors according to the
7th American Joint Committee on Cancer (AJCC) staging
manual. Initial diagnosis revealed that all patients >18-
years-old underwent extensive examinations, including
chest computed tomography (CT), abdominal ultrasono-
graphy, whole-body bone scan, and brain magnetic reso-
nance imaging (MRI). The exclusion criteria presented
clinical evidence of congenital lung disease. Patients diag-
nosed with fourth-stage lung cancer or severe lung dys-
function were not included. In addition, patients lost to
follow-up were also excluded from the study. The present
study was approved by the Ethics Committee of The
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Second Affiliated Hospital of Shantou University Medical
College and Shantou Central Hospital (2021-38). This
study complied with the Declaration of Helsinki.

Informed consent was obtained from all the patients.

Data Collection
Data on patients, including age, sex, smoking history, time
of quitting smoking, preoperative comorbidities, and med-
ications, from the electronic database of the medical
record system, were reviewed retrospectively.
Intraoperative data included the type of lung cancer sur-
gery, TNM-stage, histological data, lymphatic metastasis,
blood

Postoperative data included hospital stay, intensive care

operation time, and intraoperative loss.
unit (ICU) stay, 30-day mortality, in-hospital mortality,
wound infection, failed intubation, reoperation due to
blood loss, and postoperative treatments. Respiratory
adverse events (RAEs) were defined as upper respiratory
tract infections (URTIs) and lower respiratory tract infec-
tions (LRTIs), including nasopharyngitis and laryngitis,
bronchitis, influenza, respiratory-related opportunistic
infections (Ols), interstitial lung disease (ILD), and pul-
monary embolism (PE), including deep vein thrombosis
(DVT) or venous thromboembolism (VTE).'® Laboratory
data included white blood cell count, neutrophil ratio, and
albumin level. In addition, we reviewed the reports of
preoperative pneumonia at discharge and 3, and 6, and
12 months post-surgery.

The most recent preoperatively pulmonary imaging
report within 30 days was used for the initial evaluation
of lung inflammation, and chest imaging reports within the
postoperative 30 days as well as during 1-3-, 4-6-, and 7—
12-month follow-ups were used for diagnosis of PPT,
PPOT, PPFS, and PPST, respectively. The primary out-
come was a recrudescent lung outcome compared to the
occurrence of postoperative pneumonia.'” The inclusion
criteria were postoperative pneumonia diagnosed by either
pulmonologist or thoracic surgeon according to the
Infectious Diseases Society of America/American
Thoracic Society guidelines for diagnosing community-
acquired pneumonia (CAP) in adults. These guidelines
provided criteria for the diagnosis of pneumonia: the pre-
sence of clinical features of lung infiltration through chest
X-rays and CT scans.?*?!

The primary outcome was the development of PPST
and LRO according to PPFS occurrence in patients. For
this outcome, the risk of PPFS, PPST, and LRO was

assessed according to the occurrence and period of

preoperative and postoperative pneumonia. The secondary
outcome was the influence of PPFS on recurrence rate, the
incidence of RAEs, and mortality in the first year after
lung cancer surgery. In addition, the risk factors contribut-
ing to the development of postoperative PPST and LRO
were identified.

Surgical Procedures and Postoperative

Follow-Up Protocol

The data of a total of 451 patients who underwent lobect-
omy and lymph node dissection for lung cancer were
enrolled. The surgical procedures include routinely per-
formed lymph node dissection with lobectomy and pneu-
monectomy. The postoperative follow-up, adjuvant
chemotherapy, targeted therapy, and radiotherapy were
performed in the two institutions. The detection of pneu-
monia and lung cancer recurrence protocol adhered to the
following schedule in this study. Chest X-rays and CT
scans were conducted in discharge at 1-3-, 4-6-, and 7—
12-months post-surgery. Patients who do not return on
time for each treated course were considered as lost to
follow-up. Brain imaging and bone scintigraphy were
scheduled to detect metastasis. Recurrence included both
locoregional and systemic diseases according to chest

X-rays and CT scans.

Statistical Analysis

Statistical analyses were performed using SPSSAU 2016—
2021 (Qing-Si Technology Ltd, Beijing, China). First, we
compared the participants’ baseline characteristics and
PPFS. Categorical variables were compared using chi-
square or Fisher’s exact test and expressed as absolute
The
a generalized estimating equation (GEE) with the logit func-

number (percent). multivariate analyses using
tion and multivariable logistic regression analysis to evalu-
ate the association of PPFS with the development of PPST
and LRO to account for the correlation of events. Variables,
including PPOT, PPFS, and PPST potentially affecting LRO
were entered into a multivariable logistic model to assess
their impact on the chronic development of LRO.
Additionally, variables with a P-value <0.05 in the univariate
analysis were included within the scope of satisfying analy-
sis to increase the predictive power of the model. Odds ratios
(ORs) and corresponding 95% confidence intervals (Cls)
were calculated using logistic regression models. P-values

<0.05 indicated statistical significance.
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Results

Baseline Characteristics
Of the 406 cases, 74 lost to follow-up were excluded. The
remaining 332 patients were enrolled in this study
(Figure 1). The cohort consisted of 203 (61.14%) males.
Subsequently, 151 (45.48%) patients developed PPFS dur-
ing the follow-up period. A total of 26 patients underwent
received

molecular screening and

2).

targeted therapy

(Figure Participants who were treated with

Lung cancer patients
N=8222(N=7776,446)

Excluded

chemotherapy after surgery or suffered intraoperative
blood loss tended to have PPFS. Also, the in-hospital
mortality rate was 0%, and failed intubation and reopera-
tion due to blood loss did not occur (Table 1,

Supplemental Table 1).

PPFS and Development of PPST and LRO

The incidence of preoperative pneumonia and PPOT was

significantly higher in PPFS patients than in non-PPFS

Non-surgical lung cancer

Patients performed with
surgical resection
N=451(N=405,46)

patients
N=7712 (N=7362, 350)
Transfer to another

\hospital N=59(N=9, 50) y

Excluded ( History of malignant

Patients were qualified for
inclusion
N=406 (N=360,46)

Excluded

L tumor N=45(N=45, 0)

( Patients in loss to

L follow-up N=74 (N=71, 3)

Total number for final analysis
N=332 (290,42)

Figure | Flow of the retrospective study.
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Figure 2 Patients with lung adenocarcinoma with driver mutations who received
targeted therapy.

Abbreviations: EGFR mutation, epidermal growth factor receptor gene mutation;
ALK fusion, anaplastic lymphoma receptor tyrosine kinase gene fusion; ROSI fusion,
reactive oxygen species proto-oncogene | fusion.

patients (59.60% vs 46.96%, P < 0.05; 80.13% s. 23.76%,
P <0.001). Compared to PPFS patients, non-PPFS patients
had a significantly higher incidence of early recovery
(69.61% vs 36.42%, P < 0.001), defined as an absence of
postoperative pneumonia diagnostic criteria 30 days after
surgery. The incidence of PPST (81.46% vs 0.24.31%, P <
0.001) and LRO (49.67% vs 12.15%, P < 0.001) was
significantly higher in PPFS than in non-PPFS patients
(Table 2).

On the other hand, PPOT was at an increased risk for
PPST with a relative risk of 4.604. Also, PPFS occurrence
increased the risk of PPST (OR: 2.886, 95% CI: 1.193—
6.978, P < 0.05) and LRO (OR: 2.793, 95% CI: 1.406—
5.552,P <0.001) according to the GEE method for analyzing
the primary outcomes of the study (Table 3). Furthermore,
PPST occurrence had a significantly higher incidence with
LRO (53.29% vs 4.85%, P < 0.001) compared to non-PPST
patients. LRO itself was associated with increased risk of
PPST (OR: 16.271, 95% CI: 6.757-39.182, P < 0.001).

Risk Factors for PPFS, PPST, and LRO

According to multivariable logistic regression analysis, che-
motherapy was the risk factor for PPFS and PPST.
Significantly, PPOT was identified as the risk factor for
PPFS and PPST development, which was not revealed as
an independent risk factor for LRO. PPFS was an indepen-
dent risk factor associated with the development of both
PPST (OR: 8.382, 95% CI: 4.304-16.323, P < 0.001) and
LRO (OR: 2911, 95% CI: 1.290-6.569, P < 0.01) after
adjusting for other influencing factors (Table 4). Smoking

and lymphatic metastasis were the risk factors for LRO (OR:
2.380, 95% CI: 1.107-5.118, P < 0.05; OR: 4.518, 95% CI:
1.566-13.039, P < 0.01), while the targeted therapy was
identified as the protective factor (OR: 0.100, 95% CI:
0.027-0.376, P < 0.01). When introducing PPST instead of
PPFS to the multivariable model for LRO, PPST was identi-
fied as the robust risk factor for LRO (OR: 21.770, 95% CI:
8.273-57.283, P < 0.001).

Development of a LRO-Predicting

Nomogram

Based on the independent predictors in the multivariate
analysis identified in this study, nomogram was formulated
to predict LRO (Figure 3). The model’s explanatory cov-
ariables consisted of smoking, lymphatic metastasis, tar-
geted therapy, PPFS and PPST. Each level of the above
variable was assigned a score on the scale. By adding the
score for each of the selected variables, a total score was
obtained for each patient. The LRO probability of each
patient could be easily calculated by adding the scores for
each variable. Patients with lower scores in the nomogram
corresponded to inferior recurrence.

Discussion

Lung cancer is a common malignant tumor with poor
therapeutic effects. Currently, comprehensive treatment
is recommended as an effective strategy for lung cancer
patients.'® However, the high recurrence rate at 1 year
after lung cancer surgery is challenging in clinical
treatment.”> The majority of the studies have focused
on the risk factors for overall survival after lung cancer
resection. Also, there is a lack of real-world data to
predict and evaluate the clinical risk of lung cancer
recurrence in the first year after surgery. Currently, the
FDA attaches importance to real-world evidence, includ-
ing electronic health records that can add and evaluate
information on how factors, such as clinical setting and
health system characteristics, affect the therapeutic
effect and guide the outcomes.'” To the best of our
knowledge, this is the first study to provide some real-
world evidence to assess the recurrence of cancer within
1 year after lung cancer resection. A previous study
suggested that the first local recurrence rate after lung
cancer resection is 27-36%.'” In this retrospective
review, we found that LRO incidence reached 29.22%,
which was consistent with previous reports. The present
study showed a close link between the occurrence of
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Table | Clinical Characteristics of Patients with or without PPFS

Non-PPFS Patients (N=181) PPFS Patients (N=151) P-value

Patients characteristics, n (%)

Age (years)
<55 37 (20.44) 32 (21.19) 0.867
255 144 (79.56) 119 (78.81)

Sex
Male 107 (59.12) 96 (63.58) 0.406
Female 74 (40.88) 55 (36.42)

Smoking
No 99 (54.70) 81 (53.64) 0.848
Yes 82 (45.30) 70 (46.36)

Quit smoking
<0.5 year 169 (93.37) 133 (88.08) 0.094
20.5 year 12 (6.63) 18 (11.92)

Medications, n (%)

Pulmicort respules (0.5 mg)
No 66 (36.46) 58 (3841) 0.715
Yes 115 (63.54) 93 (61.59)

Piperacillin sodium Tazobactam sodium (4.5 g)
No 25 (13.81) 10 (6.62) 0.034*
Yes 156 (86.19) 141 (93.38)

Compound ipratropium Bromide solution (2.5 mL)
No 38 (20.99) 42 (27.81) 0.148
Yes 143 (79.01) 109 (72.19)

Ambroxol hydrochloride (30 mg)
No 38 (20.99) 19 (12.58) 0.043*
Yes 143 (79.01) 132 (87.42)

Postoperative treatments, n (%)

Chemotherapy
No 105 (58.01) 69 (45.70) 0.025%
Yes 76 (41.99) 82 (54.30)

Targeted therapy
No 168 (92.82) 138 (91.39) 0.630
Yes 13 (7.18) 13 (8.61)

Radiotherapy
No 172 (95.03) 138 (91.39) 0.185
Yes 9 (4.97) 13 (8.61)

Perioperative conditions, n (%)

Blood loss
<200 mL 114 (62.98) 79 (52.32) 0.050%*
2200 mL 67 (37.02) 72 (47.68)

Notes: *Significant difference compared between-groups (p < 0.05).
Abbreviations: PPFS, postoperative pneumonia in 4-6 months; PPST, postoperative pneumonia in 7—12 month.
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Table 2 Preoperative and Postoperative Pneumonia Occurrence, Recovery, and Outcome of Patients with or without PPFS

Non-PPFS Patients (N=181) PPFS Patients (N=151) P-value
Preoperative pneumonia, n (%)
No 96 (53.04) 61 (40.40) 0.022*
Yes 85 (46.96) 90 (59.60)
PPT
No 43 (23.76) 20 (13.25) 0.015*%
Yes 138 (76.24) 131 (86.75)
PPOT
No 138 (76.24) 30 (19.87) P<0.00 | **
Yes 43 (23.76) 121 (80.13)
Recovery situation, n (%)
Recovery in 30 days
No 55 (30.39) 96 (63.58) P<0.00 | **
Yes 126 (69.61) 55 (36.42)
Lung outcomes, n (%)
PPST
No 137 (75.69) 28 (18.54)
Yes 44 (24.31) 123 (81.46) P<0.00 | **
LRO
No 159 (87.85) 76 (50.33) P<0.00 | **
Yes 22 (12.15) 75 (49.67)
RAEs
No 179 (98.90) 148 (98.01) 0.511
Yes 2 (1.10) 3 (1.99)
Mortality
No 181 (100.00) 148 (98.01) 0.057
Yes 0 (0.00) 3 (1.99)

Notes: *Significant difference compared between-groups (p < 0.05). **Significant difference compared between-groups (p < 0.01).
Abbreviations: PPT, postoperative pneumonia in 30 days; PPOT, postoperative pneumonia in |-3 months; PPFS, postoperative pneumonia
postoperative pneumonia in 7—12 month; LRO, lung cancer recurrence within one year; RAE, respiratory adverse events.

Table 3 Risks for Development of PPST According to Postoperative Pneumonia Occurrence and Stage

in 4-6 months; PPST,

PPST LRO

OR (95% CI) P-value OR (95% CI) P-value
Non-PPOT Reference - Reference -
PPOT occurrence 4.604 (1.927-11.001) 0.001** 0.669 (0.330-1.357) 0.265
Non-PPFS Reference - Reference -
PPFS occurrence 2.886 (1.193-6.978) 0.019* 2.793 (1.406-5.552) 0.003**
Non-PPST Reference -
PPST occurrence - - 16.271 (6.757-39.182) P<0.001%*

Notes: *Significant difference compared between-groups (p < 0.05). **Significant difference compared between-groups (p < 0.01).
Abbreviations: PPOT, postoperative pneumonia in 1-3 months; PPFS, postoperative pneumonia in 4-6 months; PPST, postoperative pneumonia in 7—12 month; LRO, lung
cancer recurrence within one year; OR, odds ratio; Cl, confidence interval.

PPST and LRO development with a distinct warning
role for PPFS. The PPFS-associated risk for LRO devel-

opment was independent of preoperative pulmonary

and progression.

conditions and PPOT. PPFS is a clinical time window
for critical interventions to modify disease deterioration
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Table 4 Multivariable Logistic Regression Analysis of Risk
Factors for PPFS, PPST, and LRO Patients

Event Risk Factor OR (95% CI) P-value
PPFS Chemotherapy 2.402 (1.314-4.389) 0.004+*
TNM stage 0.716 (0.556-0.922) 0.010*
Lymphatic metastasis | 4.263 (1.691-10.746) 0.002+*
PPOT 16.757 (9.281-30.255) | P<0.001**
PPST | Chemotherapy 2.038 (1.021-4.067) 0.043 *
ICU stay 9.286 (2.094-41.176) 0.003**
Operation time 2.265 (1.077-4.764) 0.031*
Antibacterials 3.455 (1.125-10.604) 0.030*
PPOT 3.967 (2.063-7.628) P<0.001**
PPFS 8.382 (4.304-16.323) P<0.00 |**
LRO Smoking 2.380 (1.107-5.118) 0.026 *
Lymphatic metastasis | 4.518 (1.566—13.039) 0.005**
Targeted therapy 0.100 (0.027-0.376) 0.00 | **
PPFS 2911 (1.290-6.569) 0.010 *
PPST 14.701 (5.443-39.706) | P<0.001**

Notes: *Significant difference compared between-groups (p < 0.05). **Significant
difference compared between-groups (p < 0.01). Antibacterials: Piperacillin sodium
Tazobactam sodium (4.5 g).

Abbreviations: PPOT, postoperative pneumonia in 1-3 months; PPFS, postopera-
tive pneumonia in 4-6 months; PPST, postoperative pneumonia in 7—12 month;
LRO, lung cancer recurrence within one year; OR, odds ratio; Cl, confidence
interval; ICU, intensive care unit.

In the current analyses, PPFS significantly increased
the risk of development of LRO, regardless of the existing
preoperative pneumonia and PPT. Although preoperative
pneumonia and PPT groups have a higher incidence of

PPFES than the preoperative non-pneumonia and non-PPT
groups, the risk of preoperative pneumonia and PPT on the
development of LRO did not differ in patients without
preoperative pneumonia and PPT. A poor early recovery
of postoperative pneumonia was not associated with the
incidence of PPST and PPFS. Although one study estab-
lished a close link between PPT and the prognosis of lung
cancer resection, it focused on the overall survival within 5
years after surgery.® It did not assess the actual progression
of LRO, which restricted further direct comparisons to our
study. Herein, we found that PPOT patients had four times
higher risk of progression to PPST than non-PPOT
patients, whereas the risk was developing LRO was
unchanged. However, the risk of PPST and LRO was
increased up to eight and three times in PPFS patients
compared with non-PPFS, respectively.

The association of the history of chemotherapy and the
occurrence of PPFS and PPST was well-demonstrated. The
PPFS and PPST groups had a higher incidence in the
history of postoperative chemotherapy than the non-
history groups. The history of chemotherapy was an inde-
pendent risk factor for the progress of PPFS and PPST.
A previous study showed that adjuvant chemotherapy after
surgery is a high-risk factor for postoperative
pneumonia.”> Chemotherapy played a major role after
lung cancer surgery. Previous studies suggested that che-

motherapy was related to the mechanism of alveolar injury
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and immune function. The level of inflammatory cells and
interleukins increases in the bronchoalveolar lavage sys-
temic inflammatory response in chemotherapy patients
compared to those not undergoing neoadjuvant
treatment®*. Higenbottam et al reported that chemotherapy
agents affect the lungs. The drug acts directly on alveolar
cells in the metabolic process and induces an immune
response to produce several biochemical substances.
Lung damage is directly related to the dose of the drug
and is affected by drug—drug, drug—diet, and drug—envir-
onment interactions.> In addition, relevant clinical studies
also showed that the commonly used chemotherapeutics
for lung cancer, such as docetaxel, paclitaxel, gemcitabine,
and vinorelbine, cause alveolar epithelial cell damage.
Therefore, we hypothesized that chemotherapy weakens
the immune system function over a period. The current
study found that chemotherapy history is directly related to
the incidence of PPFS but is not a risk factor for the
occurrence of LRO. About 47.59% of patients in the
study did not

Therefore, PPFS patients without a history of chemother-

current experience chemotherapy.
apy should be treated with caution to prevent LRO
occurrence.

Recent studies showed that small-molecule agents that
target EGFR are potential causes of pneumonitis in

S F urthermore,

patients with lung cancer.” a post-
marketing study found that crizotinib was associated with
pneumonitis in 5.77% of ALK-positive NSCLC patients,
of which 3.45% had pneumonitis of at least grade 3.”’
However, the current study has shown that targeted ther-
apy did not increase the incidence of PPFS and PPST,
which was not consistent with the previous reports. With
the progress of driving mutations, lung cancer has shifted
from cytotoxic chemotherapy to molecular-tailored ther-
apy. The results demonstrated that the targeted therapy was
defined as the protective factor of LRO. The identification
and characterization of driver mutations include epidermal
growth factor receptor gene (EGFR) mutations, echino-
derm microtubule-associated protein-like 4 gene (EMLA4),
anaplastic lymphoma receptor tyrosine kinase gene (ALK)
fusion, and reactive oxygen species (ROS) proto-oncogene
1 fusion in non—small cell lung cancer (NSCLC). Several
large clinical trials provided evidence that appropriate
targeted therapies for patients with NSCLC with defined
molecular aberrations have a transformed treatment
response and better outcomes than with chemotherapies.
Sharma et al*® reported that EGFR overexpression was
observed in tumors in >60% of patients with metastatic

NSCLC and is correlated with poor prognosis. Zhong et -
al*® reported that EGFR tyrosine kinase inhibitors (TKIs)
constitute the standard treatment for patients with EGFR
mutations. The treatment with TKIs resulted in prolonged
progression-free survival compared to conventional che-
motherapy. The current study indicated that targeted ther-
apy is crucial for advanced NSCLC and for the treatment
of lung cancer within 1 year after surgery, which was
consistent with previous reports. Therefore, molecular tar-
geted therapy has critical therapeutic significance for LRO.
However, the sample size was extremely small in this
study for statistically significant results. The identification
of driver mutations in the current study included the EGFR
mutation, ALK fusion, or ROS1 fusion. The association
between other driver mutation-related pneumonia and
LRO was not analyzed in this study, thereby necessitating
to expand the sample size for verification.

Previous studies have shown that smoking is associated
with the recurrence of lung cancer. Next, we found that the
LRO group had a higher incidence of smoking than the
non-LRO group. The findings were consistent with pre-
vious reports. Accordingly, it was suggested that smoking
is the risk factor for the development of LRO. Some
studies reported that the carcinogenic compounds of cigar-
ette smoke induce a direct cytotoxicity and mutagenic
action on lung epithelial cells by generating somatic
mutations,’® epigenetic events, epithelial-mesenchymal

31,32

cell transformations, and chronic cell damage.

Cigarette smoke-induced chronic lung inflammatory
microenvironment, oxidative stress, and cell structure
alterations, such as an increase in cell proliferation, angio-
genesis, and apoptosis arrest, are irreversible processes
with a significant influence in lung tumor growth.*?
Okudela et al** reported that a subset of adenocarcinoma
patients showed a remarkable response to the targeted
drugs. This phenomenon was frequent in the Japanese
population in women and never-smokers.”> The occur-
rence and recurrence of lung adenocarcinoma may be
induced by KRAS mutation in nonsmokers, while EGFR
mutation could lead to lung adenocarcinoma relapse in
smokers. Therefore, specific molecular targeted therapy
and histological diagnosis could be combined in the treat-
ment of smoking and non-smoking patients with lung
cancer after surgery. Early diagnosis and follow-up of
postoperative patients according to gene mutation and
smoking status could prevent tumor metastasis.

The present study has shown that the perioperative rate

was 26.5%, which was slightly lower than the LRO rate
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(29.2%). Lymph node metastasis was analyzed as the
independent risk factor for LRO and related to the inci-
dence of PPFS. Kotlyarov and Rukosuyev>® reported that
the five-year local recurrence rate after radical resection of
lung cancer was up to 33.8%, and the blood metastasis rate
was 55.2%. Approximately 88.7% of blood metastases
occurred within 1 year after surgery. Previous studies®’*®
have established a correlation between hematogenous
metastasis and lymph node metastasis. Leung et al*’
reported that lymph nodes are often the first site of metas-
tasis, deeming that lymphatics might serve as a part of the
pathway contributing to the subsequent dissemination to
distant organs. Experimental evidence has demonstrated
that could be

a promising method for preventing distant metastases.

inhibiting lymphatic dissemination
This study also provided evidence that lymph node metas-
tasis has critical prognostic value after surgical resection
of lung cancer, which might help to discover and guide the
occurrence of LRO. Herein, we speculated that focusing
on lymph node metastasis would predict the prognostic
outcomes for lung cancer patients that would help the
oncologists and physicians to make accurate and precise
decisions.

There are two possible explanations about the associa-
tion of PPFS with LRO. The first explanation is that
systemic inflammation accelerates the adhesion of circu-
lating tumor cells to the vascular endothelium of distant
organs, which is the first step of forming distant
metastases.*>*' Numerous studies have demonstrated that
these two statuses of postoperative inflammatory and lung
cancer metastasis are inter-related. The inflammatory sta-
tus of PPOT might be related to the postoperative wound
repair or the prognosis of lung tumors. Hence, PPOT is not
the risk factor for predicting LRO. In the absence of
PPOT, the recurrence of PPFS combined with the contin-
uous attack state of PPST would form an inflammatory
environment, which might accelerate the spread of tumor
cells and further induce the development of LRO.
The second explanation is that when the cause of inflam-
mation, ie, PPOT persists, acute inflammation can be con-
verted into chronic inflammation. The inflammatory cells
could release chemicals, such as ROS, that promote carci-
nogenic evolution, and many factors released by inflam-
matory cells might inhibit the immune response.**** We
observed that as a critical time window after lung cancer
resection, PPFS played a warning role during the chronic
inflammation of the development of LRO. Thus, PPFS,

which was associated with the inflammatory environment,
maybe a predictive factor for LRO.

In addition to avoiding further LRO, identifying the
risk factors for lung cancer recurrence in the early stage
could guide a timely follow-up and application of thera-
peutic measures in patients at risk for PPST progression
after lung cancer surgery-associated PPFS. In this regard,
our study has several strengths. This is the first study to
encompass comprehensive datasets of real-world evidence
of serially assessed lung inflammation and recurrence dur-
ing the postoperative 12 months in a cohort of lung cancer
surgery patients. Herein, we described a detailed overview
of the factors associated with the occurrence of PPFS. In
addition, this study provides primary evidence that regard-
less of PPOT, PPFS is associated with LRO development,
thereby emphasizing the warning role for PPFS and the
intermediary role for PPST, connecting these two diseases.
Lastly, we reaffirmed the well-known risk factors for LRO,
including smoking, lymphatic metastasis, blood loss, and
radiotherapy. Chemotherapy or targeted therapy is a risk
factor for PPFS and PPST. These findings might be helpful
in identifying patients who had not received chemotherapy
or targeted therapy and may benefit from close post-
surgery follow-up because 40.99% and 19.88% of these
patients in our study developed PPST and LRO, respec-
tively. Future studies are warranted to confirm whether
identifying and treating PPFS may improve LRO and the
overall prognosis outcomes.

Conclusion

In conclusion, we observed a close correlation between
PPST occurrence and LRO development with a warning
role for PPFS in lung cancer surgery patients. Thus, all
patients with lung cancer surgery should be followed and
assessed for the pulmonary inflammation that reappeared
and expanded after 3 months, especially the patients
without a history of chemotherapy or targeted therapy.
Multidisciplinary and close follow-ups to assess the
recurrence and metastasis of lung cancer also should be
considered in the case of patients without a history of
chemotherapy or targeted therapy but with proposed risk
factors or appearance of PPFS. In addition, animal stu-
dies are required to evaluate the molecular correlation
between PPFs and LRO, and prospective studies need to
be conducted to develop the management strategies to
detect the postoperative intervention during lung cancer
recurrence.
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