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Background: Postoperative complications after lung resection are common and fatal. The immediate
effects of postoperative complications are related to poor prognosis; however, the long-term effects have not
been assessed. Thus, this investigation aimed to clarify the long-term effects of postoperative complications
among patients with resected non-small cell lung cancer (NSCLC).

Methods: This retrospective cohort study included 345 patients with resected NSCLC from a single
institution. We used the Clavien-Dindo classification to classify postoperative complications. Postoperative
complications were defined as complications with a Clavien-Dindo grade of >2. The Kaplan-Meier method
was used to evaluate survival. Prognostic factors were analyzed using a Cox proportional hazard model.
Results: There were 110 patients with postoperative complications (31.9%). The 5-year overall survival
(OS), recurrence-free survival (RFS), and cause-specific survival (CSS) rates were significantly lower in
patients with complications than in those without complications [OS: 66.1%, 95% confidence interval (CI):
55.4-74.8% vs. 78.0%, 95% CI: 71.8-83.1%, P=0.001; RFS: 48.8%, 95% CI: 38.1-58.7% vs. 70.8%, 95%
CI: 64.2-76.4%, P<0.001; CSS: 82.7%, 95% CI: 72.8-89.3% wvs. 88.2%, 95% CI: 82.8-92.0%, P=0.005].
The 5-year OS was lower in the pulmonary complication group than in the other complication group (58.1%,
95% CI: 40.0-72.4% vs. 70.5%, 95% CI: 56.6-80.6%, P=0.033). Postoperative complications were indicated
as a poor prognostic factor for OS (hazard ratio, 1.67; 95% CI: 1.11-2.53; P=0.002).

Conclusions: Postoperative complications were associated with unfavorable OS because of the worse

prognosis of postoperative pulmonary complications.
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Introduction lung resection for NSCLC are common and unavoidable,
with a reported incidence of 9.0-53.4% (3-6).

Lung resection is a curative treatment for early lung Short-term mortality is closely associated with the

cancer (1). The advantages of radical lobectomy were first severity of postoperative complications (1,3). Postoperative

reported by Cahan 40 years ago (2), and it has become the complications are well documented to be a poor prognostic
standard surgical approach for non-small cell lung cancer factor, with immediate negative effects (7,8). However, the
(NSCLC). However, postoperative complications following long-term effect of postoperative complications on survival
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and recurrence is controversial. It is vital to elucidate the
long-term impact of postoperative complications on patients
with NSCLC in order to help with the management of
these patients.

In this study, we aimed to examine the long-term effect
of postoperative complications following lung resection and
to demonstrate the prognostic impact of complication types
in NSCLC patients with postoperative complications.

Methods

This study was obtained approved by the ethics committee
of our hospital (approval number 201711-05), and it was
performed in accordance with the Declaration of Helsinki.
The requirement for patient consent was waived because
this was a retrospective cohort study.

Patients

We retrospectively investigated 363 patients with NSCLC
who underwent lung resections in our institution between
April 2007 and December 2016. Among them, 11 patients
who had incomplete resection, five who had a surgery-
related death, which was defined as an event within the
hospital stay or within 30 days postoperatively, and two
who received induction chemotherapy were excluded.
Patients with surgery-related death were excluded because
the purpose of this investigation was to evaluate the long-
term effect, not the short-term effect, of postoperative
complications. Ultimately, 345 consecutive patients were
included.

Baseline characteristics were compared between patients
with and without postoperative complications. Tumor-
node-metastasis staging was determined based on the eighth
edition of the International Association for the Study of
Lung Cancer Staging System (9).

Postoperative complications

Postoperative complications were classified using the
Clavien-Dindo system, which categorizes postoperative
complications into five major groups according to the
intervention required for patient care: grade 1, requiring
no pharmacological intervention other than antiemetics,
antipyretics, analgesics, diuretics, electrolytes, and
physiotherapy; grade 2, requiring pharmacological
intervention with drugs other than those allowed for grade
1 complications; grade 3, requiring further intervention
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with or without general anesthesia; grade 4, life-threatening
complications and those requiring intensive care unit
management; and grade 5, death of the patients (10). Grade
1 complication is regarded as a minor issue; therefore,
postoperative complications in this study were defined as
events with Clavien-Dindo grade >2 during the hospital
stay or within 30 days postoperatively. Postoperative
pulmonary complications were defined, according to
a previous report (11), as the occurrence of atelectasis,
thoracic empyema, and pneumonia requiring therapeutic
intervention, with the following clinical manifestations:
consolidations and atelectasis on chest radiography, elevated
white blood cell counts >11.2x10°/L, body temperature
>38 °C, purulent sputum, and oxygen saturation <90% on
room air. In addition, acute respiratory distress syndrome
is not classified independently because we classified
postoperative respiratory complications according to the
cause of respiratory dysfunction.

Surgical procedure and postoperative follow-up protocol

All operations were performed under the observation and
guidance of the supervisor of thoracic surgery. The surgical
approach [open thoracotomy or video-assisted thoracoscopic
surgery (VATS)] was chosen with consideration of the
oncological aspects and patients’ background. Mediastinal
lymph node dissection was conducted routinely during
lobectomy and pneumonectomy, but lymph node sampling
was only performed in high-risk patients, such as those with
a low performance status and severe comorbidity, and in
elderly patients.

In our institution, patients with a pathological stage >
IA3 received adjuvant chemotherapy. In the case of stages
IA3 and IB, patients received 400 mg/day of uracil plus
tegafur orally for 2 years. In the case of stage II or III,
patients received three or four cycles of platinum-based
chemotherapy. We evaluated the default rate of adjuvant
therapy which is the proportion of patients who needed to
receive adjuvant therapy but actually did not receive. Blood
tests for tumor markers were performed at 2-month or
3-month intervals. Tumor recurrence was assessed using
computed tomography, which was performed at 6, 12, 18,
and 24 months postoperatively and yearly thereafter.

Statistical analysis

Data are shown as a range, mean, or median. Clinicopathological
factors were evaluated using the )’ test or Fisher exact test

F Thorac Dis 2019;11(5):2024-2033 | http://dx.doi.org/10.21037/jtd.2019.04.91



2026 Shinohara et al. Long-term impact of complications after lung resections

for categorical variables and Student’s 7-test or Mann-
Whitney U-test for continuous variables. Overall survival
(OS), recurrence-free survival (RFS), and cause-specific
survival (CSS) were calculated using the Kaplan-Meier
method and compared using the log-rank test. Patients
were censored at the date of the last follow-up when
they were lost to follow-up. A Cox proportional hazard
model was used for univariate and multivariate analyses to
identify prognostic factors for OS. Variables with a P value
<0.05 in univariate analysis were selected for inclusion in
the multivariate regression model; P values <0.05 were
considered statistically significant. Statistical analyses were
conducted with R commander (R 3.4.2; R Foundation for
Statistical Computing, Vienna, Austria).

Results
Patients’ characteristics

In total, 345 patients who underwent complete NSCLC
resection were included in the analysis; 243 patients (70.4%)
were alive and 102 died (29.6%). The median length
of follow-up for all cases was 57.4 (interquartile range,
31.3-84.3) months. Postoperative complications were
observed in 110 patients (110/345, 31.9%). The clinical
characteristics with or without postoperative complications
are shown in Tuble 1. The operative time, smoking index
(pack-years), incidence of chronic obstructive pulmonary
disease, and incidence of histologic vascular invasion were
significantly higher in the patients with complications than
in those without complications (P=0.001, 0.012, <0.001, and
0.018, respectively). Forced expiratory volume in 1 second/
forced vital capacity (FEV1.0%) was lower in the patients
with complications than in those without complications
(P<0.001). The default rate of adjuvant therapy did not
differ between patients without complications and with
complications (35.3% wvs. 41.8%, P=0.28). Tuable 2 shows
the causes of death; there were no significant differences
between the two groups.

Postoperative complications

Postoperative complications according to the Clavien-
Dindo classification are shown in 7able 3. The number of
patients with postoperative complications was 110 (31.9%),
and the total number of postoperative complications was
130. Twenty patients had two complications. The most
common complication was pneumonia (27/130, 20.8%),
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followed by air leak (22/130, 16.9%) and arrhythmia
(137130, 10.0%). Thirty-nine patients met the criteria of
postoperative pulmonary complications (39/110, 35.5%).

Survival analysis

Kaplan-Maier curves for OS, RFS, and CSS in the two
groups are shown in Figure 14,B,C. The 5-year OS, RFS,
and CSS were poorer in the patients with complications
than in those without complications [OS: 66.1%, 95%
confidence interval (CI): 55.4-74.8% vs. 78.0%, 95% CI:
71.8-83.1%, P=0.001; RFS: 48.8%, 95% CI: 38.1-58.7%
vs. 70.8%, 95% CI: 64.2-76.4%, P<0.001; CSS: 82.7%,
95% CI: 72.8-89.3% vs. 88.2%, 95% CI: 82.8-92.0%,
P=0.005].

The 5-year OS was compared between the following
three groups: patients without postoperative complications,
patients with pulmonary postoperative complications, and
patients with the other complications (Figure 2). The 5-year
OS was worse in patients with postoperative pulmonary
complications than in those without complications (58.1%,
95% CI: 40.0-72.4% vs. 78.0%, 95% CI: 71.7-83.0%,
P<0.001). The 5-year OS in patients with pulmonary
complications was worse than in those with the other
complications (58.1%, 95% CI: 40.0-72.4% vs. 70.5%,
95% CI: 56.6-80.6%, P=0.033). There was no significant
difference between patients with other complications and
those without complications (70.5%, 95% CI: 56.6-80.6%
vs. 78.0%, 95% CI: 71.7-83.0%, P=0.14).

Subgroup analysis was performed with respect to
pathological stage (stage <3 or >3) and smoking status
(smoker or never smoker). In pathological stage I and II,
the 5-year OS was worse in the group with complications
(69.2%, 95% CI: 57.5-78.2% wvs. 79.7%, 95% CI:
73.1-84.9%, P=0.013, Figure 3A), although there is no
statistical difference between two groups in pathological
stage >IIT (54.2%, 95% CI: 28.8-73.9% vs. 66.5%, 95%
CI: 45.3-81.1%, P=0.10, Figure 3A4). Concerning smoking
status, the 5-year OS of the group with was lower among
smoker (59.7%, 95% CI: 47.2-70.1% vs. 75.8%, 95% CI:
68.3-81.8%, P=0.019, Figure 3B), although there was no
difference among never smoker (84.5%, 95% CI: 71.2—
92.0% vs. 90.0%, 95% CI: 65.6-97.4%, P=0.83, Figure 3B).

Analysis of the prognostic factors in the Cox proportional
bazard model

The results of the univariate and multivariate survival
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Table 1 Patients’ characteristics with or without postoperative complication

Variables Complication (N=110), n (%) No-complication (N=235), n (%) P value
Age, y, mean [IQR] 71.0 [65-76] 70.0 [65-74] 0.22
Male sex 81 (73.6) 155 (66.0) 0.19
Former or current smoker 90 (81.8) 175 (74.5) 0.17
Smoking, pack-years, median [IQR] 50 [10-70] 41 [0-55] 0.012
BMI, kg/m2 [IQR] 23.0[20.4-25.9] 22.6 [20.3-25.1] 0.32
CCl 0/1-2/=3 17/66/27 59/119/57 0.11
Comorbidity
Diabetes mellitus 30 (27.3) 61 (26.0) 0.80
COPD 47 (42.7) 57 (24.3) 0.001
Performance status >1 15 (13.6) 228 (97.0) 0.87
CEA =5 ng/mL 36 (32.7) 76 (32.3) 1.00
FVC, mL, median [IQR] 3,065 [2,560-3,600] 3,005 [2,490-3,590] 0.36
FEV1.0%, %, median [IQR] 73 [66-78] 77 [70-82] <0.001
Operation time, min, median [IQR] 288 [243-335] 252 [184-314] 0.001
Surgical approach, open 63 (57.3) 140 (59.6) 0.65
Surgical procedure 0.15
Wedge 15 (13.6) 42 (17.9)
Segmentectomy 1(0.9 12 (5.1)
Lobectomy 93 (84.5) 179 (76.2)
Pneumonectomy 1(0.9 2(0.9)
Histological type Ad/Sa/others’ 67/36/7 162/56/17 0.22
Histologic vascular invasion 58 (562.7) 90 (38.3) 0.018
Lymphatic invasion 80 (72.7) 150 (63.8) 0.14
Pleural invasion 39 (35.5) 85 (36.2) 0.99
Pathological lymph node metastasis 0.59
NO/1/2 89/10/11 200/18/17
Pathological T stage 0.15
T1/2/3/4 52/34/17/7 121/85/21/8
Pathological stage 0.071
1700 66/25/19 170/37/28
Adjuvant chemotherapy 33 (30.0) 74 (31.5) 0.80
The default rate of adjuvant therapy 46 (41.8) 83 (35.3) 0.28

° includes large cell carcinoma, pleomorphic carcinoma, and adenosquamous cell carcinoma. BMI, body mass index; CCl, Charlson
comorbidity index; COPD, chronic obstructive pulmonary disease; CEA, carcinoembryonic antigen; FVC, forced vital capacity; FEV, forced
expiratory volume; IQR, interquartile range.
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Table 2 Cause of deaths

Shinohara et al. Long-term impact of complications after lung resections

Variables Complication (N=110), n (%) No-complication (N=235), n (%) P value
Number of deaths 41 (37.3) 61 (26.0) 0.043
Cause of death 0.32
Primary lung cancer 21 (19.1) 29 (12.3) 0.26
Non-primary lung cancer 20 (18.2) 32 (13.6) 0.20
Other cancer 4 (3.6) 8 (3.4) 1.00
Respiratory 8(7.3) 10 (4.3) 0.30
Cardiovascular 2(1.8) 3(1.3) 0.66
Other 6 (5.5) 11 (4.7) 0.79
Table 3 Postoperative complications classified according to Clavien-Dindo
Postoperative complications Grade 2 Grade 3 Grade 4 Total number  Proportion of complications (%)
Pulmonary
Pneumonia 17 4 27 20.8
Interstitial pneumonia 1 2 2.3
Atelectasis 1 2 0 2.3
Air leak 0 21 1 22 16.9
Thoracic empyema 0 3 0 2.3
Asthma attack 6 0 0 4.6
Upper respiratory inflammation 3 0 0 2.3
Bronchopleural fistula 0 0 2 1.5
Others® 6 6 0 12 9.2
Cardiovascular
Arrhythmia 12 1 0 13 10.0
Cardiac failure 0 1.5
Cerebral
Cerebral infarction 1 0 0 1 0.9
Haemorrhage 0 1 0 1 0.9
Psychiatry
Delirium 6 0 6 4.6
Depression 0 1.5
Skin rash 3 0 0 3 2.3
Others related to operative procedure
Chylothorax 0 2 0 2 1.5
Haemorrhage 3 1 0 4 3.1
Wound infection 0 3 0 3 2.3
Intercostal neuralgia 3 0 0 3 23
Others’ 9 0 0 9 6.9
Sum 75 46 9 130 100

° includes 4 cases of grade 3 and 1 case of gradel pleural effusion, 1 case of grade 3 trachea cicatricial stenosis, 2 cases of grade 2
cough, 1 case of grade2 aspiration of tooth and 3 case of grade2 acute exacerbation of COPD; b, includes 1 case of grade2 exacerbation
of an inclusion body myositis, 1 case of grade?2 liver damage, 2 cases of grade2 urinary tract infection, 3 cases of grade2 peptic ulcer, 1
case of grade2 drug fever, and 1 case of grade2 syndrome of inappropriate secretion of antidiuretic hormone.
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A 5-year overall survival B 5-year recurrence free survival C 5-year cause specific survival
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Figure 1 Kaplan-Meier survival curves of patients with and without postoperative complications: (A) 5-year overall survival; (B) 5-year

recurrence-free survival; and (C) 5-year cause-specific survival.

5-year overall survival
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% 0.4 P=0.033
‘8 0.2 With pulmonary complications
£ 0
0.0
1 T 1
0 2 4 8
Years
Without complications 235 207 152 52
With other complications 71 56 40 5
With pulmonary complications 39 26 15 1

Figure 2 Kaplan-Meier survival curves of patients with pulmonary complications, those with other complications, and those without

postoperative complications.

analyses of prognostic factors for OS are shown in Table 4.
Covariates with P<0.05 in univariate analysis were included
in the multivariate analysis. The Cox proportional hazard
model for OS, which was adjusted for these covariates,
showed that the presence of postoperative complications
was associated with a poorer OS (hazard ratio, 1.67; 95%
CI: 1.11-2.53; P=0.015).

Discussion

We revealed three important results: first, OS, RFS,
and CSS decreased in patients with postoperative
complications compared to those in patients without
postoperative complications. Second, postoperative
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pulmonary complications were related to worse OS than
other complications. Third, the incidence of postoperative
complications was found to be an unfavorable prognostic
factor in the multivariate analysis. The novelty of our study
is that it focused on the long-term effect of postoperative
complications on patients with NSCLC, excluding those
with surgery-related deaths.

The rate of postoperative complications following lung
resection was previously reported to be 9.0-53.4% (3-6).
Moreover, according to the Clavien-Dindo classification,
postoperative complications occur at a rate of 39.0-53.4%
(3,5). In the present study, the incidence of postoperative
complications was 31.9%, which is considered acceptable
compared to that reported by other institutions. The

F Thorac Dis 2019;11(5):2024-2033 | http://dx.doi.org/10.21037/jtd.2019.04.91



2030

Shinohara et al. Long-term impact of complications after lung resections

5-year overall survival in stage
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5-year overall survival in smoking status

P=0.013
tage <lIl with complications
ithout complications
P=0.010
Stage =l with complications
T T
6 8
80 49
22 6
6 3
1 0
Never smoker with complications
— P=0.83

Never gmoker without complications

Smoker without complications b

— P=0.019

Smoker with complications

1.0 1
© 0.81
2
e
>
» 0.6
o
2
3 0.41
©
Q
e
o 0.2
0.0 1
T T
0 2 4
Years
Never smoker with complications 20 18 16
Never smoker without complications 60 54 40
Smoker without complications 175 153 112
Smoker with complications 90 64 39

6 8
8 1
29 28
57 29
15 5

Figure 3 Subgroup analysis for the 5-year overall survival among patients with and without postoperative complications: (A) in pathological

stage; (B) in smoking status.

Clavien-Dindo classification has proven to be extremely
reliable and is used by thoracic surgeons worldwide (12).
Complications defined by this grading system were
associated with prolonged hospital stay (5), mortality,
and increased readmission rates (13). We excluded grade
1 postoperative complications because they require no
therapeutic intervention.

We showed that postoperative complications were
associated with poorer OS, RFS, and CSS. This result is in
agreement with the findings of previous reports regarding
the influence of postoperative complications on long-
term prognosis in NSCLC patients (6,11,14,15). A large,
retrospective cohort study reported that postoperative

© Journal of Thoracic Disease. All rights reserved.

complications were associated with poor OS and
CSS (6). Another prospective study showed that
postoperative pulmonary complications were associated
with poor OS owing to an increase in deaths due to non-
primary lung cancer (11). Furthermore, two retrospective
cohort studies reported that postoperative pulmonary
complications were associated with increased cancer
recurrence, resulting in poor RFS and DFS (14,15). In
a large population study, Wang and colleagues reported
that major lung complications were associated with a
poor OS and DFS among patients who had undergone
VATS lobectomy (15). There are two explanations for the
association between postoperative complications and poor
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Table 4 Cox proportional hazards model of overall survival
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Univariate Cox model

Multivariate Cox model

Variables
HR 95% ClI P value HR 95% CI P value

Age 1.04 1.01-1.07 0.004 1.03 1.00-1.06 0.050
Male sex 1.88 1.18-3.00 0.008 0.83 0.45-1.51 0.53
Former or current smoker 2.80 1.56-5.05 <0.001 2.1 0.97-4.59 0.060
PS >1 2.00 1.18-3.39 0.010 1.51 0.87-2.62 0.15
Pathological stage

Il (vs. 1) 212 1.32-3.38 <0.001 1.65 0.99-2.75 0.055

Il (vs. 1) 2.77 1.66-4.61 <0.001 2.26 1.29-3.98 0.005
CCl

1-2 (vs. 0) 2.32 1.22-4.43 0.011 1.66 0.83-3.34 0.15

>3 (vs. 0) 3.47 1.76-6.83 <0.001 2.18 1.03-4.60 0.041
COPD 1.66 1.12-2.48 0.013 0.96 0.62-1.50 0.87
Histology; Sq 1.42 0.92-2.17 0.11 - - -
Vascular invasion 1.49 1.01-2.20 0.047 1.01 0.66-1.54 0.96
Lymphatic invasion 1.45 0.94-2.22 0.090 - - -
Pleural invasion 1.56 1.06-2.31 0.024 1.16 0.75-1.78 0.50
CEA =5 ng/mL 2.28 1.65-3.37 <0.001 1.75 1.16-2.65 0.007
Surgical procedure, wedge 1.06 0.65-1.73 0.82 0.70 0.40-1.21 0.20
Surgical approach, open 1.04 0.75-1.43 0.83 - - -
Adjuvant chemotherapy 1.02 0.67-1.54 0.94 - - -
Postoperative complication 1.92 1.28-2.86 0.002 1.67 1.11-2.53 0.015

CCl, Charlson comorbidity index; CEA, carcinoembryonic antigen; COPD, chronic obstructive pulmonary disease.

prognosis: (I) an increase in postoperative deaths due to
non-primary lung cancer in patients after postoperative
complications; and (II) accelerated cancer development and
recurrence after postoperative complications.

Regarding the first hypothesis, Lugg er a/. revealed
that postoperative pulmonary complications were related
to poor OS and increases in deaths due to non-primary
lung cancer (11). They reported that non-primary cancer
deaths were observed to be twice as two-fold higher in
patients with postoperative pulmonary complications than
in those without complications. In addition, they suggested
that deaths due to respiratory dysfunction were three-
fold higher in patients with postoperative pulmonary
complications than in those without complications. Our
study indicated the possibility of worse OS in patients with
postoperative pulmonary complications compared to those

© Journal of Thoracic Disease. All rights reserved.

with other complications. A previous retrospective cohort
study indicated that postoperative pulmonary complications
in patients with NSCLC increased the lifetime incidence
of pneumonia after lung resections (16). These reports
suggest that an increase in deaths due to non-primary lung
cancer is associated with poor OS in NSCLC patients with
postoperative complications.

The second hypothesis is that postoperative
complications stimulate cancer development and
recurrence. Previous reports have demonstrated that
postoperative complications in patients with surgically
resected NSCLC resulted in poor CSS (6) and RFS (14,15).
The poor prognosis following postoperative complications
can be biologically explained by the heightened
inflammatory status following these complications. Systemic
inflammation with elevated white blood cell, C-reactive
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protein, interleukin-6, and tumor necrosis factor-a levels
may be linked to tumor progression and distant metastasis
through immunomodulatory effects (17,18). The increased
inflammatory status following postoperative complications
promotes the adhesion of tumor cells to vascular
endothelial cells and other organs; therefore, postoperative
complications may have an important role in cancer
recurrence and poor OS (14,19). Moreover, surgical stress
suppresses the patient’s immune system though an elevation
in the number of regulatory T cells (20). Blood transfusion
and invasive surgical procedures following postoperative
complications, which may suppress the immune system,
are associated with cancer recurrence (21,22). Therefore,
postoperative complications may increase the risk of cancer
progression postoperatively, and this explains the poor OS,
REFS, and CSS observed in the present study.

This investigation has some inevitable limitations. First,
our study’s results, derived from a single institution, may
not be readily generalizable to other populations. Second,
the incidence of postoperative complications may change
clinical decision making postoperatively; therefore, selection
bias is unavoidable. Third, the number of patients in this
study was relatively small, and the present study included
heterogeneous patients with lobectomy, segmentectomy,
wedge resection, and pneumonectomy; therefore, a
large prospective cohort study is needed to evaluate the
prognostic impact of postoperative complications on
the long-term survival outcome. Forth, postoperative
complications depend on the patients’ prototype; therefore,
the worse OS in patients with postoperative complications
may not be directly linked to postoperative complications.
In this sense, there is a possibility that the incidence
of postoperative complication is a confounding factor
between patients’ variables and worse prognosis. Although
we minimized it by multivariate analysis, the bias is
unavoidable.

Conclusions

The present study indicated that postoperative
complications, as defined by the Clavien-Dindo
classification, resulted in poor OS, RFS, and CSS among
patients with NSCLC who underwent lung resection.
Pulmonary complications were particularly associated
with worse OS. Special attention must be paid to the
diligent follow-up of NSCLC patients with postoperative
complications.
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