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Background: The number of lung cancer patients with a history of other malignancies is increasing. 
Previous upper gastrointestinal cancer (UGIC) surgery may increase the risk of complications after lung 
cancer surgery due to malnutrition and susceptibility in patients; therefore, we investigated its short-term 
outcomes.
Methods: We retrospectively examined patients with lung cancer who underwent thoracoscopic lobectomy 
between 2011 and 2021 and collected data regarding postoperative complications and postoperative 
pulmonary complications ≥ grade II of the Clavien–Dindo classification that developed within 3 months 
post-surgery. The effect of UGIC surgery on the postoperative complications was evaluated by multivariable 
analysis using logistic regression.
Results: Among the 1,385 included patients, 377 patients had a history of cancer surgery and 65 (4.7%) 
of them had undergone UGIC surgery. Postoperative and pulmonary complications were observed in 155 
(11.2%) and 39 (2.9%) patients, respectively. The frequency of pulmonary complications was significantly 
higher in patients with previous UGIC surgery (9.2% vs. 2.5%, P=0.003) with no significant difference in 
all complications (16.9% vs. 10.9%, P=0.137). Multivariable analysis showed that previous UGIC surgery 
is an independent factor associated with postoperative pulmonary complications (odds ratio =2.923, 
P=0.029). In contrast, previous surgery for cancer other than UGIC was not associated with postoperative 
pulmonary complications (the rate was 1.2% after lower gastrointestinal cancer surgery and 3.0% after non-
gastrointestinal cancer surgery).
Conclusions: Previous UGIC surgery was an independent factor associated with postoperative pulmonary 
complications after lung cancer surgery.
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Introduction

The incidence of patients diagnosed with primary lung 
cancer after recovering from other forms of cancer is 
increasing because of the improved modalities of cancer 
diagnosis, improvement in cancer therapy, and accuracy 
of postoperative follow-up surveillance (1). Because the 
development of lung cancer substantially and adversely 
impacts the long-term survival of patients after recovering 
from a previous cancer (2), its management is important. 
The incidence risk of primary lung cancer is higher in 
patients with a cancer history (3), especially in patients 
with smoking-related malignancies and in patients with a 
history of esophageal, gastric, or head and neck cancer, and 
subsequent primary lung cancer is diagnosed during follow-
up for other cancers (4-6). Comparatively, patients with 
esophageal cancer who had received definitive treatment 
had a significantly increased risk of lung cancer (standardized 
incidence rate =1.67) (7). In gastric cancer patients, primary 
lung cancer is one of the most common types of cancer 
that occurs after surgery (8), and the development of lung 
cancer is associated with higher fatality rates (1). In these 
upper gastrointestinal cancers (UGIC), surgery is the 
mainstay of treatment (9), and the surgical procedure may 
affect the safety of surgery for subsequent lung cancer. The 
anatomical alternation and functional state of the digestive 
tract (stomach and small intestine) following surgery for 
UGIC may lead to nutritional deficiencies (10); nutritional 
status worsens as patients often eat less and lose weight (11). 
In lung cancer patients, good nutrition appears beneficial 
in decreasing complications (12). Although some studies 
have evaluated long-term prognosis of patients who have 
undergone lung cancer surgery, there are only a few studies 
on the short-term outcomes of surgery for lung cancer 
arising after UGIC surgery (1).

In this study, we aimed to assess the impact of a previous 
UGIC surgery on postoperative complications after 
thoracoscopic lobectomy for lung cancer. We present the 
following article in accordance with the STROBE reporting 
checklist (available at https://jtd.amegroups.com/article/
view/10.21037/jtd-22-798/rc).

Methods

In this retrospective, observational study, we examined 
the records of all patients with primary lung cancer who 
underwent video-assisted and robot-assisted thoracoscopic 
curative lobectomy at our hospital between 2011 and 2021. 

There was no missing data. The study was conducted in 
accordance with the Declaration of Helsinki (as revised in 
2013). The Institutional Review Board for Clinical Research 
of Cancer Institute Hospital of Japanese Foundation for 
Cancer Research approved this study on 29th June 2021 
(No. 2021-1086), and informed consent was obtained from 
all individuals included in the study.

We collected information on the history of cancer 
surgeries performed at our hospital or other hospitals. 
Those who underwent open or laparoscopic surgeries 
under general anesthesia were included, while those who 
underwent endoscopic treatment or radiotherapy were 
excluded. The group with a history of other cancer surgery 
was further subdivided into three groups: UGIC surgery 
that included esophagectomy and gastrectomy; lower 
gastrointestinal cancer surgery that included the liver, 
pancreas, and colorectal cancer; and other cancer surgery 
classified as non-gastrointestinal cancer surgery. The 
prevalence of postoperative pulmonary complications for 
each subgroup was compared. Moreover, serum levels of 
preoperative albumin and prealbumin were evaluated as 
nutritional indicators.

Postoperative complications that occurred during 
hospitalization or within 3 months after surgery were 
extracted. We defined postoperative complications as those 
included in Clavien–Dindo grade ≥ II complications (13,14). 
We included the following postoperative pulmonary 
complications, as in our previous study: pneumonia; 
pneumonitis such as atelectasis and aspiration pneumonia; 
bronchopleural fistula; empyema; and respiratory failure 
including asthma attack, acute exacerbation of idiopathic 
pulmonary fibrosis, pleural effusion due to pleurisy, 
pulmonary thromboembolism, and chylothorax (15). All 
clinical data and the information of complications were 
obtained from our institutional database. We compared and 
evaluated the risk of postoperative pulmonary complications 
according to cancer surgery history, including UGIC 
surgery.

Statistical analysis

Dichotomous data are presented as numbers with 
percentages, and continuous data as means ± standard 
deviations. We used univariable and multivariable analyses 
to identify the factors associated with postoperative 
pulmonary complications by logistic regression models. 
A backward stepwise selection method was used to build 
logistic regression models. We checked the multicollinearity 

https://jtd.amegroups.com/article/view/10.21037/jtd-22-798/rc
https://jtd.amegroups.com/article/view/10.21037/jtd-22-798/rc


Journal of Thoracic Disease, Vol 14, No 10 October 2022 3813

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2022;14(10):3811-3818 | https://dx.doi.org/10.21037/jtd-22-798

Figure 1 Flowchart of the patients included in the study.

Patients with a previous upper gastrointestinal cancer surgery 
(n=65)

• Gastric cancer (n=61)
• Esophageal cancer (n=4)

Patients without a previous upper gastrointestinal cancer 
surgery (n=1,320)

• Without previous other cancer surgery (n=1,008)
• Lower gastrointestinal cancer surgery (n=82)
• Non-gastrointestinal cancer surgery (n=230)

2011–2021 resected lung cancer (n=2,812)

Lung cancer patients undergoing thoracoscopic 
lobectomy (n=1,385)

Patients undergoing thoracotomy (n=595)
Patients undergoing induction therapy (n=22)

Patients undergoing thoracoscopic pneumonectomy (n=1)
Patients undergoing thoracoscopic segmentectomy (n=326)
Patients undergoing thoracoscopic wedge resection (n=483)

of these factors in logistic regression models by Hosmer-
Lemeshow test. The rate of postoperative pulmonary 
complications according to the type of previous cancer was 
also evaluated. All tests were two-sided, and P values <0.05 
were considered statistically significant. We used the IBM 
SPSS statistical software package (version 27.0; DDR3 
RDIMM, SPSS Inc., Chicago, IL, USA) for all statistical 
analyses.

Results 

Over the 10-year period, 1,385 patients underwent curative 
thoracoscopic lobectomy, of whom 377 had a history of 
other cancer surgery, including 65 (4.7%) with a history 
of UGIC surgery (Figure 1). Of these 65 patients, 10 
underwent perioperative chemotherapy for UGIC and no 
patient received radiation therapy before and after UGIC 
surgery. There were four patients with esophageal cancer. 
Postoperative pulmonary complications were observed in 
155 (11.2%) patients, including 39 with a history of UGIC 
surgery. Three patients (0.2%) died within 90 days after 
surgery due to postoperative pulmonary complications. 
Figure 2 shows the prevalence of postoperative pulmonary 
complications. Accounting for some overlap, 7.7% (5 in 65 
patients in the UGIC group) of patients with a history of 
UGIC surgery developed pneumonia and bronchopleural 
fistula, and 6.1% (4 in 65 patients in the UGIC group) 
developed empyema (Figure 2). Patient characteristics 

according to a history of UGIC surgery are shown in  
Table 1. Patients with a history of UGIC tended to be older, 
heavier smokers, and had lower lung function in terms of 
vital capacity. Although the frequency of postoperative 
pulmonary complications was significantly higher in 
patients with a history of UGIC surgery, there were no 
significant differences in all postoperative complications. 
The preoperative serum albumin and prealbumin levels 
were significantly lower in patients with a history of UGIC 
surgery than in those without a history of UGIC surgery 
(Table 1).

Table 2 shows the results of univariable and multivariable 
analyses performed to identify factors associated with the 
prevalence of postoperative pulmonary complications 
after thoracoscopic lobectomy for lung cancer. History 
of UGIC surgery, age, male sex, smoking index, forced 
expiratory volume 1.0%, the presence of cardiopulmonary 
comorbidities, and tumor size were risk factors for 
postoperative pulmonary complications in the univariable 
analysis. However, no significant association was observed 
between the prevalence of postoperative pulmonary 
complications and the serum levels of albumin and 
prealbumin. Multivariable analysis revealed that the history 
of UGIC surgery was an independent factor associated 
with postoperative pulmonary complications [odds ratio 
(OR) =2.92, P=0.016], as were smoking index (OR =1.01, 
P<0.001) and tumor size (OR =1.03, P=0.038).

We also compared the risk of postoperative pulmonary 
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complications according to the type of previous cancer  
(Table 3). Of the 1,385 patients, 377 (27.2%) had a history of 
other cancer surgery. Among these patients, 65 had a history 
of UGIC surgery, 82 had a history of lower gastrointestinal 
cancer surgery, and the remaining 230 had a history of 
non-gastrointestinal cancer surgery. The prevalence of 
postoperative pulmonary complications in patients with a 
history of UGIC surgery was significantly higher than that 
of patients without a history of other cancer surgery (OR 
=4.00, P=0.003). However, there was no difference in the 
prevalence of pulmonary complications between patients 
with previous lower gastrointestinal cancer surgery or non-
gastrointestinal cancer surgery and those without previous 
cancer surgery.

Discussion

The results of this study confirmed that the frequency of 
pulmonary complications after thoracoscopic lobectomy 
for lung cancer was significantly higher in patients with a 
previous UGIC surgery, with the previous UGIC surgery 
being an independent associated factor for postoperative 
pulmonary complications.

The use of minimally invasive surgery like a thoracoscopic 
surgery has contributed to the reduction of postoperative 
complications. Several reports showed that postoperative 

pulmonary complications developed in approximately 
3–5% of patients, and of the patients who had undergone 
thoracoscopic lobectomy, 0.6% died within 30 days post-
surgery (15-17). Additionally, the rate of postoperative 
pulmonary complications after thoracoscopic lobectomy 
was found to be 2.9% and the 90-day mortality rate was 
0.2% (16,17). In recent years, surgeries like robotic and 
laparoscopic surgeries for management of extrapulmonary 
cancers have become less invasive with a decreased incidence 
rate of postoperative complications (2). Since the number 
of patients with good general health and favorable prognosis 
after extrapulmonary surgery is increasing, the opportunities 
to consider surgery for primary lung cancer management 
have also been on the rise, even if the patients had undergone 
previous surgeries for the management of other malignancies. 
In our study, approximately 30% of all lung cancer patients 
who underwent thoracoscopic lobectomy had a history of 
cancer surgery.

Several reports have shown that a history of treatment 
for gastric cancer had a low impact on long-term outcome 
after resection of lung cancer (1). Pulmonary resection 
for primary lung cancers following esophagectomy for 
esophageal carcinoma is acceptable and has low impact on 
prognosis (18). Nevertheless, the effect of UGIC surgeries 
on short-term outcomes has not been fully investigated. 
Generally, surgery for UGIC can have a profound effect 
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Table 1 Patient characteristics and short-term outcomes

Variables Patients with a history of UGIC (n=65) Patients without a history of UGIC (n=1,320) P value

Age, years 75 ± 7.7 68 ± 10.2 <0.001

Sex, male 51 (78.4) 658 (49.8) <0.001

Smoking index, pack-year 20±35.7 3.5±27.3 <0.001

FEV1.0%, % 74.5±8.9 75±8.6 0.345

%VC, % 115.2±15.1 107.2±15.4 0.008

Cardiopulmonary comorbidity, yes 18 (27.7) 237 (18.0) 0.092

Diabetes, yes 10 (15.4) 178 (13.5) 0.663

Serum level of albumin, g/dL 4.0±0.4 4.2±0.3 <0.001

Serum level of prealbumin, g/dL 23.0±5.9 28.9±6.2 <0.001

Histology, Ad 50 (76.9) 1140 (86.4) 0.082

Tumor size, mm 23.0±10.6 22.0±10.6 0.257

Duration of surgery, min 183±46.1  189±52.4 0.287

Bleeding, mL 20±79.0 20±65.7 0.632

Pathological stage (8th) 0.268

0 6 (9.2) 84 (6.4)

I 51 (78.5) 1039 (78.7)

II 6 (9.2) 115 (8.7)

III 2 (3.1) 82 (6.2)

Overall complications, yes 11 (16.9) 144 (10.9) 0.137

Pulmonary complications, yes 6 (9.2) 33 (2.5) 0.003

Hospital stay, days 6.0±4.3 5.0±4.3 0.695

90-day mortality, cases 0 (0) 3 (0.2) 0.753

Values are mean ± standard deviation or n (%). UGIC, upper gastrointestinal cancer; FEV1.0%, forced expiratory volume in one second 
percent; %VC, percent vital capacity; Ad, adenocarcinoma.

on postoperative nutritional status, thus increasing the 
risk of postoperative complications. The deterioration in 
nutritional status 6 months post-esophagectomy could 
affect the complications following lung cancer surgery (19).  
We evaluated preoperative nutritional status using serum 
albumin and prealbumin levels and found that they were 
significantly lower in patients with a history of UGIC 
surgery than in those without a history of UGIC surgery. 
However, although nutritional status may have some 
influence on the risk of morbidity, serum albumin and 
prealbumin levels were not risk factors for postoperative 
pulmonary complications in our study.

Following UGIC surgery, there are many anatomical 
changes in the structures around the chest, such as the 

location of the intestinal tract and lymphatic systems. The 
lymphatic flow around the lower paraoesophageal and 
supradiaphragmatic lymph nodes changes after gastric 
cancer surgery (20). In the current study, bronchopleural 
fistulas were nine times more frequent in patients with 
a history of UGIC surgery than in those without, and 
all bronchopleural fistulas developed after right lower 
lobectomy. We performed lymph node dissection in the 
paraoesophageal region at the time of lower lobectomy (21),  
which may have influenced this result. Moreover, the 
regurgitation of gastrointestinal contents following UGIC 
surgery may also affect the outcome after lung cancer 
surgery. Fifty percent of postoperative pulmonary aspiration 
occurs during gastroesophageal procedures (22). Therefore, 
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Table 2 Factors associated with pulmonary complications after thoracoscopic lobectomy for lung cancer

Variables
Univariable analysis Multivariable analysis

Odds ratio (95% CI) P value Odds ratio (95% CI) P value

Age, years 1.05 (1.01–1.09) 0.010

Sex, male 3.82 (1.74–8.37) 0.001

Smoking index, pack-year 1.01 (1.01–1.02) <0.001 1.01 (1.01–1.02) <0.001

FEV1.0%* 1.05 (1.02–1.09) 0.001

%VC* 1.02 (0.99–1.04) 0.063

Cardiopulmonary comorbidities 2.28 (1.16–4.50) 0.017

Diabetes 1.96 (0.91–4.19) 0.084

UGIC surgery, yes 3.97 (1.60–9.84) 0.003 2.92 (1.12–7.65) 0.016

Tumor size, mm 1.03 (1.01–1.06) 0.008 1.03 (1.01–1.05) 0.038

Serum levels of albumin, g/dL 0.70 (0.24–2.04) 0.516

Serum levels of prealbumin, g/dL 0.93 (0.68–1.19) 0.420

*, odds ratio for 1% increment of FEV1.0% and %VC. CI, confidence interval; FEV1.0%, forced expiratory volume one second percent; 
UGIC, upper gastrointestinal cancer; %VC, percent vital capacity.

Table 3 Risk stratification of postoperative pulmonary complications according to the history of other cancer surgery

Variables N The prevalence of pulmonary complications Odds ratio (95% CI)* P value

All patients 1,385 39 (2.8%)

Patients without previous other cancer 
surgery

1,008 25 (2.5%) 1 –

Patients with previous other cancer surgery 377 14 (3.7%) 1.52 (0.78−2.96) 0.220

Upper gastrointestinal cancer surgery 65 6 (9.2%) 4.00 (1.58–10.12) 0.003

Lower gastrointestinal cancer surgery 82 1 (1.2%) 0.49 (0.07–3.63) 0.481

Non-gastrointestinal cancer surgery 230 7 (3.0%) 1.23 (0.53–2.89) 0.628

*, odds ratio was calculated in comparison with patients without a history of cancer surgery. CI, confidence interval.

focus should be given to gastroesophageal reflux in patients 
after UGIC surgery.

Smoking index was also an independent risk factor 
for pulmonary complications in this study. Smoking 
itself affects lung respiratory function and causes airway 
inflammation, thereby increasing the vulnerability to 
postoperative pulmonary complications (15). Our previous 
study reported that smoking is a predictor for postoperative 
pulmonary complications after thoracoscopic lobectomy 
and segmentectomy (15). In addition, smoking significantly 
increases the risk of developing UGIC and lung cancer. 
Smoking was considered a confounding factor; however, 

multivariable analysis showed that previous UGIC surgery 
was an independent factor associated with postoperative 
pulmonary complications.

This  s tudy had several  l imitat ions .  Firs t ,  th is 
retrospective study was conducted at a single institution; 
thus, more data accumulation is needed to validate our 
findings. Considering that this was a small cohort study 
and the number of events was also small, the use of a large 
multi-institutional database may enhance the statistical 
power of this analysis. Second, owing to the ambiguous 
definition of non-treatment complications, we only 
included Clavien–Dindo grade ≥ II complications. The 
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results of this study may change if grade I complications 
are included.

Conclusions

Postoperative pulmonary complications after thoracoscopic 
lobectomy for primary lung cancer are three times more 
likely to develop in patients with a history of UGIC surgery 
than in those with a history of other surgeries for cancer 
or in those with no history of cancer surgery. Thus, efforts 
including preoperative respiratory rehabilitation and 
smoking cessation should be made to prevent postoperative 
pulmonary complications in patients with a history of 
UGIC surgery.
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