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Background: Postoperative complications tend to result in prolonged hospitalization. The aim of this
study was to investigate whether prolonged postoperative length of stay (LOS) can predict patient survival,
particularly long-term survival.

Methods: All patients undergoing lung cancer surgery between 2004 and 2015 were identified in the
National Cancer Database (NCDB). The highest quintile of LOS (more than 8 days) was defined as
prolonged length of stay (PLOS). We performed 1:1 propensity score matching (PSM) between the groups
with and without PLOS (Non-PLOS). Excluding confounding factors, postoperative LOS was used as a
surrogate for postoperative complications. Kaplan-Meier and Cox proportional hazards survival analyses
were performed to analyze survival.

Results: A total of 88,007 patients were identified. After matching, 18,585 patients were enrolled in the
PLOS and Non-PLOS groups, respectively. Before and after matching, 30-day rehospitalization rate and
90-day mortality in the PLOS group were significantly higher than they were in the Non-PLOS group
(P<0.001), indicating a potential worse short-term postoperative survival. After matching, the median
survival of the PLOS group was significantly lower than that of the Non-PLOS group (53.2 vs. 63.5 months,
P<0.0001). Multivariable analysis revealed that PLOS is independent negative predictor of overall survival
[OS; hazard ratio (HR) =1.263, 95% confidence interval (CI): 1.227 to 1.301, P<0.001]. In addition, age (<70
or >70), gender, race, income, year of diagnosis, surgery type, pathological stage, and neoadjuvant therapy
also were independent prognostic factors of postoperative survival for patients with lung cancer (all P<0.001).
Conclusions: Postoperative LOS could be taken as the quantitative indicator of postoperative
complications of lung cancer in NCDB. In this study, PLOS predicted worse short-term and long-term
survival independent of other factors. Avoiding PLOS could be considered to benefit patient survival after

lung cancer surgery.
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Introduction

Presently, lung cancer remains the leading cause of
cancer-related death worldwide (1). Surgical treatment
is currently recommended as the preferred therapeutic
approach for resectable lung cancer (2). In recent years, the
concept of enhanced recovery after surgery (ERAS) was
proposed in surgical management of lung cancer, namely,
to optimize perioperative treatment, reduce perioperative
stress response and postoperative complications, shorten
hospitalization time, and promote recovery (3,4). In the
past few years, the length of stay (LOS) following thoracic
surgery has been used as a quality metric for assessing the
efficiency of a healthcare unit (5). However, there are few
studies on the effect of postoperative LOS on survival of
patients with lung cancer.

The National Cancer Database (NCDB) is a clinical
oncology database co-sponsored by American College of
Surgeons Commission on Cancer and the American Cancer
Society, which is originated from the hospital registration
data collected in more than 1,500 institutions recognized
by the Cancer Committee, which can be applied to analyze
and track patients with malignant tumors, as well as their
treatments and outcomes (6). However, there is no records
about complications in NCDB, therefore here we aimed to
determine whether prolonged length of stay (PLOS) can
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serve as an independent prognostic factor for postoperative
survival of patients with lung cancer. In the present study,
LOS was first proposed as an alternative quantitative
indicator of postoperative complications in NCDB lung
cancer patients. We present the following article in
accordance with the STROBE reporting checklist (available
at https://jtd.amegroups.com/article/view/10.21037/jtd-23-
407/rc).

Methods
Patient enrollment

Patients with lung cancer who underwent surgical treatment
in the NCDB database from 2004 to 2015 were enrolled
in this study, and their clinical data were retrospectively
analyzed. The inclusion criteria included a history of
surgery, and lung cancer in clinical stage I-IIT (6™ and 7
editions). The exclusion criteria were as follows: absence
of information regarding LOS, follow-up, and other
clinical data; death within 30 days after surgery; follow-up
period less than 3 months (Figure I). After screening, the
target population for our subsequent analysis was finally
obtained. The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013).

Study design

In this study, the LOS range of the included cases was
1-167 days. According to the quartile method, patients was
divided into quartiles. Patients in the highest quartile were
listed as the PLOS group, and the value was calculated to
be more than 8 days. The remaining patients were classified
as the Non-PLOS group. Deviation between the PLOS
group and the Non-PLOS group was controlled by 1:1
propensity score matching (PSM) based on age, gender,
race, facility type, income, insurance, Charlson/Deyo Score,
year of diagnosis, laterality, clinical stage, histology type,
tumor grade, surgery type, surgical margins, pathological
stage, neoadjuvant therapy, and adjuvant therapy.
Standardized mean difference (SMD) was calculated to
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National Cancer Database

(n=269,114)

Clinical stage I-ll lung cancer patients undergoing resection
(sublobectomy/lobectomy/pneumonectomy) from 2004-2015

Excluded:

Y

¢ Without records of length of stay (n=19,660)

¢ Died within 30 days postoperatively (n=34,911)

* Missing follow-up data (n=861)

¢ Follow-up time <3 months (n=2,139)

* Surgery not at reporting facility (n=9,857)

* History of previous cancers (n=73,952)

* Pathological stages not sufficient for study (n=22,901)
¢ Unknown treatment sequence (n=1,910)

* Missing data of other variables (n=14,916)

Study population (n=88,007)

Figure 1 Patient selection flowchart. Included patients were screened sequentially following the exclusion criteria.

evaluate the balance of baseline data between the 2 groups
before and after PSM. A SMD <0.1 was considered the
balanced distribution of baseline data. We selected 30-day
rehospitalization rate and 90-day mortality in the PLOS
group as the short-term survival indicators. The overall
survival (OS) was considered the long-term survival index.

Statistical analysis

The software SPSS 25.0 (IBM Corp., Armonk, NY,
USA) was used for all data analysis. Chi-square test and
multivariable logistic regression analysis were used to
evaluate the long-term and short-term prognostic survival
before and after PSM. Kaplan-Meier analysis was used
to calculate the survival rate and draw the survival curve.
Log-rank test was used to compare the survival curve. Cox
proportional-hazards model was used for multivariable
analysis to adjust the long-term survival prognosis of
patients. All statistical tests were 2-sided, and P<0.05 was
considered statistically significant.

Results
Clinical characteristics

After screening, a total of 88,007 patients were enrolled in
the study (Figure I). According to the quartile of the LOS,
patients hospitalized for more than 8 days were defined as
the PLOS group (n=18,611, 21.1%), and the remaining
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patients as the Non-PLOS group (n=69,396, 78.9%). We
compared the clinical characteristics between the PLOS
and Non-PLOS groups (7ible 1). Before PSM, there was an
imbalance in baseline distribution between the PLOS group
and the Non-PLOS group (SMD >0.1). After PSM, there
were 18,585 cases in each of the PLOS group and Non-
PLOS groups, with balanced variables (SMD <0.1).

The effect of the PLOS on the short-term survival

Focusing on the short-term survival, we found that 30-day
re-hospitalization rate and 90-day mortality in the PLOS
group were significantly higher than those in the Non-
PLOS group before and after PSM (P<0.001), indicating
a less favorable short-term prognosis in the PLOS group
(1able 2). Further, multivariable logistic regression analysis
also revealed that PLOS was an independent negative
predictor of short-term postoperative survival of lung
cancer patients (P<0.001).

The effect of PLOS on the long-term survival

For further study, we compared the Kaplan-Meier OS
curve in the PLOS group and the Non-PLOS group
before and after PSM (Figure 2). Before PSM, the median
survival of the PLOS group and the Non-PLOS group was
82.1 months [95% confidence interval (CI): 80.9
to 83.3 months] and 53.2 months (95% CI: 51.6 to
54.3 months), respectively (P<0.0001). After PSM, the
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Table 1 Baseline patient clinical characteristics before and after PSM

Before matching After matching
Clinical characteristics
Non-PLOS PLOS SMD Non-PLOS PLOS SMD
N 69,396 18,611 18,585 18,585
Age, years, mean + SD 66.52+9.82 67.76+9.43 0.128 67.66+9.61 67.75+9.43 0.009
Gender, n (%) 0.167 0.013
Male 31,797 (45.8) 10,075 (54.1) 9,928 (53.4) 10,051 (54.1)
Female 37,599 (54.2) 8,536 (45.9) 8,657 (46.6) 8,534 (45.9)
Race, n (%) 0.051 0.019
White 61,123 (88.1) 16,542 (88.9) 16,548 (89.0) 16,517 (88.9)
Black 5,907 (8.5) 1,595 (8.6) 1,521 (8.2) 1,594 (8.6)
Other 2,366 (3.4) 474 (2.5) 516 (2.8) 474 (2.6)
Income, n (%) 0.134 0.015
<$48,000 28,644 (41.3) 8,923 (47.9) 8,763 (47.2) 8,898 (47.9)
>$48,000 40,752 (58.7) 9,688 (52.1) 9,822 (52.8) 9,687 (52.1)
Insurance, n (%) 0.012 0.001
No insured 1,396 (2.0) 406 (2.2) 406 (2.2) 406 (2.2)
Insured 68,000 (98.0) 18,205 (97.8) 18,179 (97.8) 18,179 (97.8)
Urban/rural location, n (%) 0.033 0.001
Metro/urban counties 67,881 (97.8) 18,109 (97.3) 18,081 (97.3) 18,085 (97.3)
Rural counties 1,515 (2.2) 502 (2.7) 504 (2.7) 500 (2.7)
Facility type, n (%) 0.142 0.009
Non-academic 42,317 (61.0) 12,607 (67.7) 12,660 (68.1) 12,582 (67.7)
Academic 27,079 (39.0) 6,004 (32.3) 5,925 (31.9) 6,003 (32.3)
Charlson Comorbidity Index score, n (%) 0.217 0.055
0 35,202 (50.7) 7,508 (40.3) 7,913 (42.6) 7,508 (40.4)
1 24,744 (35.7) 7,661 (41.2) 7,167 (38.6) 7,656 (41.2)
>2 9,450 (13.6) 3,442 (18.5) 3,505 (18.9) 3,421 (18.4)
Year of diagnosis, n (%) 0.150 0.076
2004-2009 21,759 (31.4) 7,161 (38.5) 7,828 (42.1) 7,139 (38.4)
2010-2015 47,637 (68.6) 11,450 (61.5) 10,757 (57.9) 11,446 (61.6)
Laterality 0.063
Right 40,272 (58.0) 11,379 (61.1) 11,285 (60.7) 11,360 (61.1) 0.008
Left 29,124 (42.0) 7,232 (38.9) 7,300 (39.3) 7,225 (38.9)
Clinical stage 0.070 0.049
| 51,124 (73.7) 13,157 (70.7) 13,241 (71.2) 13,147 (70.7)
Il 10,860 (15.6) 3,353 (18.0) 3,053 (16.4) 3,344 (18.0)
1l 7,412 (10.7) 2,101 (11.3) 2,291 (12.3) 2,094 (11.3)

Table 1 (continued)
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Table 1 (continued)

Before matching After matching
Clinical characteristics
Non-PLOS PLOS SMD Non-PLOS PLOS SMD

Histology type, n (%) 0.202 0.091
Adenocarcinoma 41,110 (59.2) 9,355 (50.3) 9,690 (52.1) 9,350 (50.3)

Squamous cell carcinoma 18,601 (26.8) 6,653 (35.7) 5,909 (31.8) 6,642 (35.7)
Other 9,685 (14.0) 2,603 (14.0) 2,986 (16.1) 2,593 (14.0)

Grade, n (%) 0.180 0.055

Well differentiated 11,803 (17.0) 2,075 (11.1) 2,278 (12.3) 2,075 (11.2)
Moderately differentiated 31,252 (45.0) 8,434 (45.3) 8,009 (43.1) 8,431 (45.4)
Poorly differentiated 25,156 (36.2) 7,705 (41.4) 7,831 (42.1) 7,687 (41.4)

Undifferentiated 1,185 (1.7) 397 (2.1) 467 (2.5) 392 (2.1)

Surgery type, n (%) 0.034 0.036
Sublobe/lobectomy 65,913 (95.0) 17,803 (95.7) 17,636 (94.9) 17,777 (95.7)
Pneumonectomy 3,483 (5.0) 808 (4.3) 949 (5.1) 808 (4.3)

Surgical margin, n (%) 0.058 0.008
No residual tumor 66,014 (95.1) 17,457 (93.8) 17,402 (93.6) 17,437 (93.8)

Residual tumor present 3,382 (4.9) 1,154 (6.2) 1,183 (6.4) 1,148 (6.2)

Pathological stage, n (%) 0.076 0.066

| 45,407 (65.4) 11,550 (62.1) 11,977 (64.4) 11,542 (62.1)
I 14,187 (20.4) 4,346 (23.4) 3,838 (20.7) 4,332 (23.3)
11 9,334 (13.5) 2,586 (13.9) 2,615 (14.1) 2,582 (13.9)

\% 468 (0.7) 129 (0.7) 155 (0.8) 129 (0.7)

Neoadjuvant therapy, n (%) 0.009 0.016
No 66,546 (95.9) 17,812 (95.7) 17,727 (95.4) 17,787 (95.7)

Yes 2,850 (4.1) 799 (4.3) 858 (4.6) 798 (4.3)
Adjuvant therapy, n (%) 0.079 0.025

No

Yes

52,142 (75.1)
17,254 (24.9)

14,605 (78.5)
4,006 (21.5)

14,390 (77.4)
4,195 (22.6)

14,579 (78.4)
4,006 (21.6)

PSM, propensity score matching; PLOS, prolonged length of stay; SMD, standardized mean difference, values <0.1 indicates acceptable

balance; SD, standard deviation.

median survival of the PLOS group and the Non-PLOS
group was 63.5 months (95% CI: 62.0 to 65.0 months) and
53.2 months (95% CI: 51.8 to 54.5 months), respectively
(P<0.0001). Both results indicated a less favorable long-
term prognosis in the PLOS group compared with the
Non-PLOS group. Multivariable Cox regression analysis
(1able 3) revealed that PLOS was an independent negative
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predictor for long-term survival of patients with lung
cancer [hazard ratio (HR) =1.263, 95% CI: 1.227 to 1.301,
P<0.001]. In addition, age (<70/>70 years), gender, race,
income, year of diagnosis, surgery type, pathological stage,
and neoadjuvant therapy also were independent prognostic
factors of postoperative survival for patients with lung
cancer (P<0.001, respectively).
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Discussion

The current study mainly focused on the prognosis of
lung cancer and its clinicopathological features including
tumor size, lymph node metastasis, and distant metastasis,

Table 2 Characteristics and multivariate analysis of short-term

outcomes
Variates P witinSodays | mortity
Before matching, n (%)
Non-PLOS 2,703 (3.9) 492 (0.7)
PLOS 1,147 (6.2) 544 (2.9)
P value <0.001 <0.001
After matching, n (%)
Non-PLOS 781 (4.2) 195 (1.0)
PLOS 1,147 (6.2) 541 (2.9)
P value <0.001 <0.001
Multivariate (LOS): Non-PLOS vs. PLOS
Adjusted OR 1.365 2.087
95% ClI 1.247-1.495 1.799-2.421
P value <0.001 <0.001

PLOS, prolonged length of stay; LOS, length of stay; OR, odds
ratio; Cl, confidence interval.
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Time, months
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as well as patient’s self-factors, such as nutritional status,
autoimmune status, and psychological status (7-10). Based
on the NCDB database, PSM was performed according to
age, gender, race, facility type, income, insurance, Charlson
Comorbidity Index score, year of diagnosis, laterality,
clinical stage, histology type, tumor grade, surgery type,
surgical margins, pathological stage, neoadjuvant therapy,
and adjuvant therapy in this study. After PSM, the
distribution of variables in PLOS group and Non-PLOS
group showed a balance (SMD <0.1).

PLOS can be attributed to various factors. A large
cohort study of non-cardiothoracic surgery showed that
age and anesthesia duration were risk factors for prolonged
postoperative hospital stay in patients undergoing
thoracoscopic single lobectomy (11). In a retrospective
study of 729 T'V-assisted or robot-assisted thoracoscopic
lobe or segment resection for lung cancer, single segment
resection, two lobes or combined lobe and segment
resection, and right lobectomy were independent risk
factors for postoperative pulmonary complications and
were associated with increased postoperative hospitalization
and total hospital cost (12). In addition, prior preoperative
patient medical history may also affect the length of hospital
stay, which is expressed with Charlson Comorbidity Index
score in the NCDB database. Here we considered above all
factors which may affect length of stay during PSM. After
excluding the above factors, PLOS tends to be caused by

After PSM
-~ Non-PLOS -~ PLOS
1.00 A
2 0.75 |
=
©
Q
Q
§ 050 4 --m-eeemeeeees ,
= H
2
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S
® 0.25 A
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0 50 100 150
Time, months
Number at risk
Non-PLOS -|18585 6284 791 7
PLOS —18585 5740 723 3
T T T T
0 50 100 150

Time, months

Figure 2 Kaplan-Meier analysis for patients before and after matching. Survival curves were compared between PLOS and Non-PLOS

groups. Dashed lines indicate median survival. PSM, propensity score matching; PLOS, prolonged length of stay.
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Table 3 Multivariate analysis for long-term survival

Overall survival

Covariates
Adjusted HR  95% CI P value
Length of stay <0.001
Non-PLOS vs. PLOS 1.263 1.227-1.301
Age <0.001
<70 vs. =70 years 1.486 1.442-1.532
Sex <0.001
Male vs. female 0.782 0.759-0.806
Race <0.001
White - -
Black 0.948 0.897-1.002
Other 0.719 0.650-0.796
Income <0.001
<$48,000 vs. >$48,000 0.920 0.893-0.948
Urban/rural location 0.055
Urban vs. rural 1.089 0.998-1.189
Year of diagnosis <0.001
2004-2009 vs. 2010-2015 0.685 0.664-0.706
Laterality 0.681
Right vs. left 1.006 0.977-1.037
Surgery type <0.001
Sub/lobectomy vs. 1.241 1.166-1.320
pneumonectomy
Pathological stage <0.001
| - -
I 1.707 1.642-1.774
1 2.411 2.306-2.519
v 2.998 2.620-3.343
Neoadjuvant therapy <0.001
Yes vs. no 1.283 1.203-1.369
Adjuvant therapy 0.169
Yes vs. no 1.028 0.998-1.069

PLOS, prolonged length of stay; HR, hazard ratio; Cl, confidence

interval.
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postoperative complications. Due to the lack of relevant
data of postoperative complications in the NCDB database,
PLOS was therefore considered an alternative factor of
complications after lung cancer surgery. To our knowledge,
this study is the first to propose length of hospital stay as
a quantitative indicator of postoperative complications.
Our results showed less favorable long- and short-term
survival in the PLOS group compared with the Non-PLOS
group, which was consistent with the effect of postoperative
complications of lung cancer in the previously reported
studies (13,14).

As a quantitative indicator of postoperative complications,
the poor prognosis of lung cancer caused by PLOS may
be attributed to other multiple reasons: Infection is the
most common postoperative complication of lung cancer,
with the highest morbidity of 25% (15-17). The levels of
inflammatory cytokines and C-reactive proteins will be
increased by surgery in lung cancer patients. Colacchio
et al. (18) showed that surgical stress response will increase
the tumor load by inhibiting the activity of natural killer
(NK) cells and downregulate the effector lymphocyte and
their corresponding Th1 regulatory pathways via inhibiting
endogenous mediators. This results in a promotive state
of tumor growth and thereby the proliferation of residual
tumor cells, which may reduce the long-term survival.
Therefore, perioperative measures should be implemented
systematically and normatively, including routine smoking
cessation before operation, aerosol inhalation for airway
preparation, expectoration training, administration of
antibiotics before surgery, and getting out of bed early for
expectoration after surgery (19).

Another dangerous postoperative complication of lung
cancer is venous thromboembolism (VTE), including deep
venous thromboembolism (DVT) and pulmonary embolism
(PE) with a reported incidence rate of 15.1-16.4% (20,21).
Studies have shown that the incidence of VTE within 7 days
after lung cancer surgery is about 7.4% and the incidence
of VTE within 30 days after surgery is about 23.1% (22,23).
The incidence of VTE will be higher in advanced non-small
cell lung cancer (NSCLC) and remains a higher tendency
within half a year after the diagnosis of lung cancer (24).
Among VTE, PE has a high mortality rate. Li et al. (25)
revealed that hospital LOS was significantly prolonged
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in patients with PE compared with patients without PE.
Based on risk evaluation of VET, active preventive measures
such as moving limbs early, wearing elastic socks, and early
administration of low molecular weight heparin (LMWH)
should be performed after lung cancer surgery.

In addition, previous study asserted that the negative
psychological state of patients should also be included in
the postoperative complications of lung cancer, such as
cancer-related depression and anxiety, which can reduce the
treatment compliance and prolong the hospital stay (26).
Therefore, we also need to pay attention to the
psychological management of lung cancer patients and carry
out psychological intervention when necessary to minimize
the psychological burden after surgery.

Limitations

This study may have some limitations. Firstly, tumor-
specific survival indicators such as progression-free survival
(PFS) and disease-free survival (DFS) are not available in
the NCDB database, so we could only choose OS as a long-
term prognosis indicator in our study. In addition, although
we tried to exclude the influence of factors on LOS through
PSM, there may have been other factors that contributed to
prolonged hospitalization that were not included. However,
based on the results of the study, lung cancer patients
with prolonged postoperative hospital stay do have poor
postoperative long- and short-term outcomes. More data
and mechanisms are needed to confirm our results in the
future.

Conclusions

In summary, our study showed that LOS in NCDB can
predict survival after lung cancer surgery, and we found
that PLOS was an independent prognostic factor for poor
survival after lung cancer surgery. Appropriate measures to
prevent complications and thus reduce the PLOS in lung
cancer patients are likely to be beneficial for survival. The
results of our study are exactly consistent with the concept
of ERAS. Our study undoubtedly provides an important
hint for perioperative management of lung cancer patients.
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