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Abstract
Objective In the era of fast track surgery, early and accurately estimating whether postoperative length of stay (p-LOS) will be
prolonged after lung cancer surgery is very important, both for patient’s discharge planning and hospital bed management.
Pulmonary function tests (PFTs) are very valuable routine examinations which should not be underutilized before lung cancer
surgery. Thus, this study aimed to establish an accurate but simple prediction tool, based on PFTs, for achieving a personalized
prediction of prolonged p-LOS in patients following lung resection.
Methods The medical information of 1257 patients undergoing lung cancer surgery were retrospectively reviewed and served as
the training set. p-LOS exceeding the third quartile value was considered prolonged. Using logistic regression analyses, potential
predictors of prolonged p-LOS were identified among various preoperative factors containing PFTs and intraoperative factors. A
nomogram was constructed and subjected to internal and external validation.
Results Five independent risk factors for prolonged p-LOS were identified, including older age, being male, and ratio of residual
volume to total lung capacity (RV/TLC) ≥ 45.0% which is the only modifiable risk factor, more invasive surgical approach, and
surgical type. The nomogram comprised of these five predictors exhibited sufficient predictive accuracy, with the area under the
receiver operating characteristic curve (AUC) of 0.76 [95% confidence interval (CI) 0.73–0.79] in the internal validation. Also its
predictive performance remained fine in the external validation, with the AUC of 0.70 (95% CI 0.60–0.79). The calibration
curves showed satisfactory agreements between the model predicted probability and the actually observed probability.
Conclusions Preoperative amelioration of RV/TLC may prevent lung cancer patients from unnecessary prolonged p-LOS. The
integrated nomogram we developed could provide personalized risk prediction of prolonged p-LOS. This prediction tool may
help patients perceive expected hospital stays and enable clinicians to achieve better bed management after lung cancer surgery.

Keywords Length of stay . Lung cancer . Surgery . Pulmonary function tests . Prediction model . Nomogram . Advanced
healthcare . Individualized patient profile . Hospitalization . Economic burden . Risk assessment . Predictive preventive
personalizedmedicine

Introduction

With modern medicine moving towards the era of valuing eco-
nomics and efficiency, speeding up hospital bed turnover rate
and carrying out a planned hospital bed management are be-
coming more and more necessary. Lung cancer, the most prev-
alent malignancy worldwide, has consumed large medical re-
sources and imposed enormous economic burdens [1, 2].
Despite recent progress in cancer radiotherapy and immuno-
therapy, nowadays, surgical resection remains the mainstream
for lung cancer curative treatment [3]. Over the past few de-
cades, with the popularity of low-dose computed tomography,
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a growing number of lung cancer patients could be diagnosed
at early stage, leading to a significantly increased volume of
lung cancer surgery [4]. Therefore, there is a mounting demand
to allocate perioperative resources efficiently and economically,
such as hospital beds, for lung cancer patients following surgi-
cal treatment. Postoperative length of stay (p-LOS) is a fre-
quently used metric which may reflect the surgical skill, quality
of care, andmedical resources utilization level [5, 6]. Prolonged
p-LOS not only increases hospitalization cost but also implies
increased risk of hospital acquired infection [7]. Therefore, it is
of great clinical and financial significance to early find and fix
potential risk factors for prolonged p-LOS during the perioper-
ative period of lung cancer surgery.

It is recommended that all lung cancer patients who are
candidates for surgery should have pulmonary function tests
(PFTs), because the parameters of PFTs are very useful for
lung cancer preoperative risk assessments [8, 9]. More than
that, in recent years, emerging studies suggested that valuable
PFT parameters might also play a role in predicting prolonged
p-LOS following lung resection: Some suggested inspiratory
capacity (IC) and some suggested forced expiratory volume in
1 s (FEV1) or diffusion capacity for carbonmonoxide (DLCO)
[10, 11]. Currently, it is still worthy to unveil more optimal or
novel predictors among these various PFTs for better predic-
tion of prolonged p-LOS after lung cancer surgery.

To date, in the research field of lung cancer surgery, al-
though some variables, such as age, surgical types, and surgical
approaches [12–14], have been well recognized as determi-
nants of p-LOS, few studies integrated them so as to compre-
hensively assess a patient’s specific risk of prolonged p-LOS,
let alone combined PFT parameters. A nomogram is an easy
pictorial representation of a scoring model, with a user-friendly
interface and preferred predictive performance [15]. It consists
of several scale axes, and each scale axis represents a determi-
nant variable of the clinical outcome. By integrating a patient’s
diverse determinant variables, a nomogram can tell a personal-
ized probability for quantitatively predicting the incidence of
the outcome [16]. Thus, in this study, we selected a large pop-
ulation of surgically treated lung cancer patients as the partici-
pants and mainly aimed to (i) identify novel risk predictors of
prolonged p-LOS among PFTs, hoping to remedy and prevent
unwanted prolonged hospitalization; and (ii) for the first time,
integrate the PFTs predictors with the other determinant predic-
tors of p-LOS and construct a comprehensive nomogram for
providing simple and precise personalized prediction.

Methods

Study population

This study was approved by the Ethics Committee of
Zhongshan Hospital, Fudan University. Between 2012 and

2013, a total of 1293 consecutive patients, who had complete
medical information, underwent lung resection for primary
lung cancer at Zhongshan Hospital of Fudan University. As
the previous study recommended [6], we excluded 36 patients
who died or developed major postoperative complications
such as persistent air leak, bronchial fistula, or acute respira-
tory distress syndrome. The reasons for this exclusion were
that this was a small proportion of the population and it was
highly variable in p-LOS values, which may not be suitable
for prediction. And, their p-LOS were actually closely deter-
mined by postoperative complications themselves, such as the
complication types, severities, and following treatments in
practice. Hence, in the end, a total of 1257 patients were en-
rolled as the training set and analyzed for developing the pre-
diction model. In order to assess the model predictive perfor-
mance independently, another 173 patients who had lung can-
cer surgery between January and April 2014 were also en-
rolled as the prospective external validation set.

Data collection

Days of p-LOS were calculated from the date of surgery to the
date of discharge. A p-LOS exceeding the third quartile value
of the study population was defined as prolonged p-LOS [17].
Demographic and clinical variables potentially associated
with p-LOS were extracted from the institutional electronic
medical records. Preoperative variables collected included
age, gender, health insurance, smoking status, and presenting
respiratory symptoms (cough, sputum, bloody sputum, or he-
moptysis). Preoperative PFTs were also collected, including
FEV1, ratio of FEV1 to predicted values (FEV1 % predicted),
forced vital capacity (FVC), ratio of FVC to predicted values
(FVC % predicted), ratio of residual volume to total lung
capacity (RV/TLC), and DLCO. According to the criteria of
Global Initiative for Chronic Obstructive Lung Disease
(GOLD) [18], patients with a FEV1/FVC ratio less than 70%
would be diagnosed as chronic obstructive pulmonary disease
(COPD). Two main intraoperative variables, surgical ap-
proach including open or video-assisted thoracic surgery
(VATS) and surgical type including sub-lobectomy, lobecto-
my, or pneumonectomy, were also collected because they are
commonly considered closely related to p-LOS.

Statistical analysis and nomogram

All statistical analyses and graphs were conducted in SPSS for
Windows (Version 17.0, Chicago, IL, USA) and R software
(Version 3.5.0, https://www.r-project.org/). Continuous
variables were expressed as mean ± standard deviation (SD)
or median with interquartile range (IQR), while categorical
variables were expressed as frequencies with percentages.
Patient’s demographic and clinical characteristics were com-
pared between the training set and the validation set using chi-
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square test, Student’s t test, or Mann-Whitney U test, as ap-
propriate. In the training set, univariate logistic regression
analysis was conducted to screen the variables associated with
prolonged p-LOS, and the magnitude of the association was
measured by odds ratio (OR) with 95% confidence interval
(CI). By selecting the variables with univariate P < 0.05, a
stepwise multivariate logistic regression analysis was con-
ducted to identify independent risk factors for prediction of
prolonged p-LOS. The fitness of the logistic regression model
was measured by the Hosmer-Lemeshow test, of which P > 0.
05 indicates that the model was in a good fit. In order to test a
linear trend of the OR, P value for trend was calculated by
entering the median value of each category into the regression
analyses in a continuous variable way.

Based on the results of multivariate logistic regression anal-
ysis, a nomogram was constructed using R software with the
rms package as described previously [19, 20]. In order to
validate the predictive performance, the nomogram was ap-
plied to 1000 bootstrap resamples in the training set for inter-
nal validation, and to the prospective validation set for exter-
nal validation. Receiver operating characteristic (ROC) curves
were depicted to assess the nomogram discriminative ability,
with calculating the area under the curve (AUC). AUC varies
from 0.5 to 1.0 and higher value indicates better discrimina-
tive ability. Calibration curves were also depicted to visually
assess how close the nomogram predicted risk is to the actual
risk. All reported P values were two-tailed, and P < 0.05 was
considered statistically significant.

Results

Patient’s baseline characteristics

The patient’s baseline demographic and clinical characteristics
were summarized in detail as seen in Table 1. The average p-
LOS of the validation set (6.1 days) were slightly shorter than
that of the training set (6.8 days), and this result can be also
observed from the perspective of median p-LOS (5 days vs
6 days). A significantly increased rate of VATS approach was
found in the validation set (80.3%) when compared with that
in the training set (66.2%). Except surgical approach, there
was no more statistically significant difference between the
training set and the validation set. The third quartile values
of p-LOS in the both sets were 7 days; thus, patients with a p-
LOS of 8 days or more in this study were regarded as the
patients with prolonged p-LOS.

Factors associated with prolonged p-LOS
in the training set

For the 1257 patients in the training set, all demographic and
clinical variables listed in Table 1 were preliminarily subjected

to a univariate logistic regression analysis and the results are
presented in Table 2. It was quite evident that age was signif-
icantly associated with prolonged p-LOS: Patients in the age
groups from 50 to 59, 60 to 69, and 70 or over 70 years all had
a higher probability of prolonged p-LOS than patients aged
under 50 years. The crude risk of prolonged p-LOS progres-
sively increased for every 10-year-old (about per SD) increase
(P value for trend < 0.001). Compared to patients with normal
p-LOS, those with prolonged p-LOS were more likely to be
males (73.2% vs 47.3%), current smokers (32.3% vs 18.1%),
and presenting respiratory symptoms (50.6% vs 33.4%).
However, patient’s status of health insurance was found to
be not statistically associated with p-LOS in this study (data
shown in Supplementary table). Among the preoperative
PFTs, except FVC which had no association with p-LOS
(data shown in Supplementary table), all other PFTs parame-
ters, including FEV1, FEV1 % predicted, FVC % predicted,
FEV1/FVC < 70% (coexisting COPD), RV/TLC, and DLCO,
were significantly associated with p-LOS in different magni-
tudes. It was noteworthy that FEV1 % predicted exhibited a
well linear association with p-LOS: With FEV1 % predicted
decreasing, the crude risk of prolonged p-LOS was gradually
increasing (P value for trend < 0.001). Compared to patients
with normal p-LOS, patients with prolonged p-LOS were
more frequently found to have COPD (29.0% vs 14.9%).
Meanwhile, RV/TLC ≥ 45.0%, generally regarded as an indi-
cator of moderate emphysema, was also demonstrated to be
associated with prolonged p-LOS. It was confirmed that two
intraoperative factors, open surgery and more invasive surgi-
cal type, were both strongly associated with higher probability
of prolonged p-LOS than their respective counterparts.

All factors with statistical significance in the above univar-
iate analyses were picked out for multivariate analysis, and the
results are presented in Table 3. After adjustment, age was still
a major risk factor for prolonged p-LOS, with a significant
trend of older age leading to higher risk (OR = 2.11, 2.76,
and 4.92 respectively for each increased age category, P value
for trend < 0.001). Being male remained an important risk
factor for prolonged p-LOS (OR = 2.27, 95% CI = 1.68–
3.08). Only PFT of RV/TLC ≥ 45.0% was found to be an
independent risk factor for prolonged p-LOS (OR = 1.92,
95% CI = 1.24–2.97). Definitely, open surgery (OR = 3.03,
95% CI = 2.25–4.09) and more invasive surgical types, espe-
cially pneumonectomy (OR = 14.63, 95% CI = 4.51–47.47),
conferred a very high risk of developing prolonged p-LOS
on patients following lung cancer resection.

The nomogram and its performance

As shown in Fig. 1, a graphic nomogram was constructed by
incorporating the five independent risk factors as predictors of
prolonged p-LOS. After setting pneumonectomy, the value with
the largest regression coefficient, as 100 points on the top Points
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scale for reference, each value of the remaining predictors was
assigned a point on the Points scale according to their respective
effect size reflected by the regression coefficient. For a specific
patient, a total point was calculated by summing each point
derived from his/her age, gender, RV/TLC, surgical approach,
and surgical type. The location of the total point was vertically
projected onto the bottom scale, thus easily obtaining an indi-
vidualized risk estimation of prolonged p-LOS.

As seen in Fig. 2, the ROC curves demonstrated that
our nomogram not only hold a very good discriminative
ability in the internal validation (AUC = 0.76, 95% CI
0.73–0.79) but also remained a good discriminative abil-
ity in the external validation (AUC = 0.70, 95% CI 0.60–
0.79). The P value of the Hosmer-Lemeshow test for this
model was 0.672, indicating that the model was well
fitted. As shown in Fig. 3, the calibration curves visually

Table 1 Baseline demographic and clinical characteristics of the patients

Variable Training set, n = 1257 Validation set, n = 173 P value

Age (year)
Mean ± SD 60.6 ± 9.7 61.3 ± 8.9 0.365
Median (IQR) 61 (55–68) 62 (56.5–68)

Gender
Female 582 (46.3%) 77 (44.5%)
Male 675 (53.7%) 96 (55.5%) 0.658

Health insurance
Yes 408 (32.5%) 54 (31.2%)
No 849 (67.5%) 119 (68.8%) 0.743

Smoking status
Never or ever 986 (78.4%) 126 (72.8%)
Current 271 (21.6%) 47 (27.2%) 0.096

Respiratory symptoms
No 784 (62.4%) 114 (65.9%)
Yes 473 (37.6%) 59 (34.1%) 0.368

FEV1 (L)
Mean ± SD 2.34 ± 0.60 2.30 ± 0.66 0.458
Median (IQR) 2.29 (1.93–2.71) 2.21 (1.79–2.70)

FEV1 % predicted (%)
Mean ± SD 89.1 ± 18.5 86.9 ± 17.9 0.143
Median (IQR) 89.4 (77.1–101.2) 87.1 (74.6–101.3)

FVC (L)
Mean ± SD 3.04 ± 0.74 3.02 ± 0.83 0.764
Median (IQR) 2.94 (2.52–3.51) 2.91 (2.38–3.59)

FVC % predicted (%)
Mean ± SD 91.1 ± 14.9 89.1 ± 15.6 0.108
Median (IQR) 90.7 (81.2–100.4) 88.6 (78.3–100.3)

FEV1/FVC < 70% (COPD)
No 1026 (81.6%) 138 (79.8%)
Yes 231 (18.4%) 35 (20.2%) 0.557

RV/TLC (%)
Mean ± SD 37.7 ± 7.8 38.1 ± 7.7 0.481
Median (IQR) 37.5 (33.3–42.6) 38.5 (34.2–43.1)

DLCO
Mean ± SD 18.3 ± 5.3 18.0 ± 5.1 0.492
Median (IQR) 18.3 (15.2–21.6) 17.8 (15.2–20.5)

Surgical approach
VATS 832 (66.2%) 139 (80.3%)
Open 425 (33.8%) 34 (19.7%) < 0.001*

Surgical type
Sub-lobectomy 147 (11.7%) 30 (17.3%)
Lobectomy 1085 (86.3%) 142 (82.1%)
Pneumonectomy 25 (2.0%) 1 (0.6%) 0.052

p-LOS (day)
Mean ± SD 6.8 ± 2.5 6.1 ± 2.8 0.002*
Median (IQR) 6 (5–7) 5 (5–7) < 0.001*
Normal (≤ 7 days) 947 (75.3%) 146 (84.4%)
Prolonged (> 7 days) 310 (24.7%) 27 (15.6%) 0.009*

SD standard deviation, IQR interquartile range, FEV1 forced expiratory volume in one second, FVC forced vital capacity, COPD chronic obstructive
pulmonary disease, RV/TLC ratio of residual volume to total lung capacity,DLCO diffusion capacity for carbon monoxide, VATS video-assisted thoracic
surgery, p-LOS postoperative length of stay

*Statistically significant
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told that our nomogram predicted risk was close to the
actually observed risk. Although some slight underestima-
tion may exist, it should be allowed and practically noted.
There were good agreements between our nomogram pre-
diction and the actual observation of prolonged p-LOS
risk, both in the internal and external validation.

Discussion

In the present study, we collected 12 preoperative variables
(containing seven PFTs parameters) and two main intraoper-
ative variables for screening potential predictors of prolonged
p-LOS following lung cancer resection. As expected, most of

Table 2 Univariate logistic regression analysis of factors potentially associated with prolonged p-LOS in the training set

Variable Normal p-LOS, n = 947 Prolonged p-LOS, n = 310 Crude OR (95% CI) P value

Age (years)
< 50 144 (15.2%) 16 (5.2%) 1.0 (reference)
50–59 313 (33.1%) 87 (28.1%) 2.50 (1.42–4.42) 0.002*
60–69 349 (36.9%) 124 (40.0%) 3.20 (1.84–5.57) < 0.001*
≥ 70 141 (14.9%) 83 (26.8%) 5.30 (2.96–9.49) < 0.001*
P value for trend < 0.001*

Gender
Female 499 (52.7%) 83 (26.8%) 1.0 (reference)
Male 448 (47.3%) 227 (73.2%) 3.05 (2.30–4.04) < 0.001*

Smoking status
Never or ever 776 (81.9%) 210 (67.7%) 1.0 (reference)
Current 171 (18.1%) 100 (32.3%) 2.16 (1.62–2.89) < 0.001*

Respiratory symptoms
No 631 (66.6%) 153 (49.4%) 1.0 (reference)
Yes 316 (33.4%) 157 (50.6%) 2.05 (1.58–2.66) < 0.001*

FEV1 (L)
≥ 3.00 137 (14.5%) 34 (11.0%) 1.0 (reference)
2.30–2.99 338 (35.7%) 110 (35.5%) 1.31 (0.85–2.02) 0.220
1.60–2.29 395 (41.7%) 128 (41.3%) 1.31 (0.85–2.00) 0.219
< 1.60 77 (8.1%) 38 (12.3%) 1.99 (1.16–3.41) 0.013*
P value for trend 0.037*

FEV1 % predicted
≥ 100.0% 287 (30.3%) 53 (17.1%) 1.0 (reference)
90.0–99.9% 218 (23.0%) 62 (20.0%) 1.54 (1.03–2.31) 0.037*
80.0–89.9% 194 (20.5%) 62 (20.0%) 1.73 (1.15–2.61) 0.009*
70.0–79.9% 135 (14.3%) 70 (22.6%) 2.81 (1.86–4.24) < 0.001*
< 70.0% 113 (11.9%) 63 (20.3%) 3.02 (1.97–4.62) < 0.001*
P value for trend < 0.001*

FVC % predicted
≥ 100.0% 262 (27.7%) 65 (21.0%) 1.0 (reference)
90.0–99.9% 263 (27.8%) 72 (23.2%) 1.10 (0.76–1.61) 0.608
80.0–89.9% 232 (24.5%) 85 (27.4%) 1.48 (1.02–2.13) 0.038*
< 80.0% 190 (20.1%) 88 (28.4%) 1.87 (1.29–2.71) 0.001*
P value for trend < 0.001*

FEV1/FVC < 70% (COPD)
No 806 (85.1%) 220 (71.0%) 1.0 (reference)
Yes 141 (14.9%) 90 (29.0%) 2.34 (1.73–3.17) < 0.001*

RV/TLC
< 35.0% 342 (36.1%) 89 (28.7%) 1.0 (reference)
35.0–44.9% 483 (51.0%) 150 (48.4%) 1.19 (0.89–1.61) 0.243
≥ 45.0% 122 (12.9%) 71 (22.9%) 2.24 (1.54–3.25) < 0.001*
P value for trend < 0.001*

DLCO
≥ 23.0 173 (18.3%) 37 (13.9%) 1.0 (reference)
18.0–22.9 344 (36.3%) 100 (32.3%) 1.17 (0.78–1.75) 0.444
13.0–17.9 316 (33.4%) 113 (36.5%) 1.44 (0.97–2.14) 0.073
< 13.0 114 (12.0%) 60 (17.4%) 1.91 (1.20–3.03) 0.007*
P value for trend 0.003*

Surgical approach
VATS 701 (74.0%) 131 (42.3%) 1.0 (reference)
Open 246 (26.0%) 179 (57.7%) 3.89 (2.98–5.09) < 0.001*

Surgical type
Sub-lobectomy 129 (13.6%) 18 (5.8%) 1.0 (reference)
Lobectomy 813 (85.9%) 272 (87.7%) 2.40 (1.44–4.00) 0.001*
Pneumonectomy 5 (0.5%) 20 (6.5%) 28.67 (9.57–85.87) < 0.001*

Only variables with statistical significance (P < 0.05) in the univariate analysis are shown in the table

p-LOS postoperative length of stay, OR odds ratio, CI confidence interval, FEV1 forced expiratory volume in 1s, FVC forced vital capacity, COPD
chronic obstructive pulmonary disease, RV/TLC ratio of residual volume to total lung capacity, DLCO diffusion capacity for carbon monoxide, VATS
video-assisted thoracic surgery

*Statistically significant
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these variables demonstrated a well association with
prolonged p-LOS in the univariate analysis. Age acted as a
significant patient’s factor influencing p-LOS, and several
studies indeed proved that lung cancer patients older than 70
or 75 years were more likely to suffer prolonged p-LOS [6, 17,
21]. Nevertheless, data of our study further indicated that the
risk of prolonged p-LOS began to go up even for patients
older than 50 years, continued to rise for patients older than
60 years, and dramatically elevated for patients older than
70 years. There was an obvious uptrend of prolonged p-LOS
risk along with increase in age. Consistent with some previous
studies [12, 22], our study also successfully identified that
gender was an independent risk factor for prolonged p-LOS:
Male patients would be more susceptible to prolonged p-LOS
than females following lung cancer surgery. Presenting respi-
ratory symptoms represents the chief complaint of many lung
cancer patients. It is suggested that lung cancer patients admit-
ted to hospital with respiratory symptoms may be distinct in
certain clinical characteristics [23]. In our study, although pa-
tients with prolonged p-LOS more frequently presented respi-
ratory symptoms preoperatively, respiratory symptoms
seemed not to affect p-LOS independently. Whether lung can-
cer patients must quit smoking prior to surgery has long been
in dispute [24]. The latest evidence suggested that current

smoking before lung cancer surgery would not actually in-
crease the risk of postoperative pulmonary complications
[25]. Our study further revealed that, even for general lung
cancer patients without incidence of postoperative complica-
tions, current smoking status was not responsible for
prolonged p-LOS either. Thus, our finding provides more ev-
idence to support the proposal that there is no deliberate need
to quit smoking just before scheduled lung cancer surgery.

Among the seven PFT parameters in the univariate analy-
sis, it is quite attractive that each hierarchical FEV1 % predict-
ed exerted an inverse association with prolonged p-LOS risk:
Patients with lower FEV1 % predicted were usually exposed
to higher risk of encountering prolonged p-LOS. However, in
the following multivariate analysis, FEV1 % predicted was
found to fail to independently predict prolonged p-LOS.
Although FEV1 % predicted an essential risk evaluation pa-
rameter and hold good performance in predicting lung cancer
postoperative complications, our study suggested that it might
not suit for predicting prolonged p-LOS in postoperative un-
complicated lung cancer patients. COPD is a common respi-
ratory disease which is featured by progressive lung function
decline and persistent airflow obstruction [26]. It should be
noted that lung cancer patients undergoing surgery would
sometimes have COPD as a comorbidity, which significantly

Table 3 Multivariate logistic
regression analysis of
independent risk factors
associated with prolonged p-LOS
in the training set

Intercept and variable Regression coefficient Adjusted OR (95% CI) P value

Intercept − 3.77 < 0.001*

Age (years)

< 50 1.0 (reference)

50–59 0.74 2.11 (1.13–3.92) 0.019*

60-69 1.02 2.76 (1.48–5.16) 0.001*

≥ 70 1.59 4.92 (2.54–9.53) < 0.001*

P value for trend < 0.001*

Gender

Female 1.0 (reference)

Male 0.82 2.27 (1.68–3.08) < 0.001*

RV/TLC

< 35.0% 1.0 (reference)

35.0–44.9% 0.02 1.02 (0.73–1.43) 0.911

≥ 45.0% 0.65 1.92 (1.24–2.97) 0.004*

P value for trend 0.060

Surgical approach

VATS 1.0 (reference)

Open 1.11 3.03 (2.25–4.09) < 0.001*

Surgical type

Sub-lobectomy 1.0 (reference)

Lobectomy 0.62 1.87 (1.08–3.24) 0.027*

Pneumonectomy 2.68 14.63 (4.51–47.47) < 0.001*

p-LOS postoperative length of stay, OR odds ratio, CI confidence interval, RV/TLC ratio of residual volume to
total lung capacity, VATS video-assisted thoracic surgery

*Statistically significant
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impacts lung cancer perioperative management [27, 28]. In
this study, compared to RV/TLC ≥ 45% (another indictor
which may also reflect patients existing obstructive ventilation
dysfunction), COPD, namely FEV1/FVC < 70%, appeared to
be inferior in predicting prolonged p-LOS. Our study uncov-
ered that only RV/TLC ≥ 45% was the most powerful

parameter for independently determining p-LOS among these
various PFTs. Coincidentally, study from Matsuo and col-
leagues [10] suggested that decreased IC can be served as
the best risk predictor of prolonged p-LOS after lung resec-
tion. Their result was well supportive to our present finding,
because IC and RVare generally in a reciprocal relationship to

Fig. 1 The nomogram for
predicting prolonged p-LOS
following lung cancer resection.
Instructions: to estimate a
patient’s probability of prolonged
p-LOS, locate the patient’s value
on each variable axis. Draw a
vertical line from that value to the
top Points scale for determining
how many points are assigned by
that variable value. Then, the
points from the each variable
value are summed. Locate the
sum on the Total Points scale and
vertically project it onto the
bottom axis, thus obtaining a
personalized risk of prolonged p-
LOS. p-LOS postoperative length
of stay, RV/TLC ratio of residual
volume to total lung capacity,
VATS video-assisted thoracic
surgery

Fig. 2 The receiver operating characteristic (ROC) curves showing the nomogram discriminative ability. a The area under the curve (AUC) in the
internal validation is 0.76, with the 95% CI 0.73–0.79. b The AUC in the external validation is 0.70, with the 95% CI 0.60–0.79
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each other: A patient with a decreased IC generally holds an
increased RV.

Besides the novel identified risk predictor of prolonged p-
LOS (RV/TLC ≥ 45%), what the most commendable in this
study was that we first integrated these existing risk predictors
into a superior prediction tool called nomogram. Resorting to
this tool, we can comprehensively predict a lung cancer pa-
tient’s personalized risk of prolonged p-LOS. In the following
validation analyses, whether internal or external, our nomo-
gram outputted both sufficient accuracy and satisfactory con-
sistency in predicting prolonged p-LOS. Another advantage of
our nomogram was that it is very simple and economical:
Accurate predictions were made by just using five dominant
risk predictors of prolonged p-LOS; thus, it would be easy to
use in clinical practice. Additionally, in our study, the retained
PFT predictor—RV/TLC—is percent value rather than abso-
lute value, which would be relatively less influenced by indi-
vidual weight or height when compared to those PFTs of ab-
solute value. Obviously, for a specific lung cancer patients,
her/his age, gender, RV/TLC, surgical approach, and type
are all quite objective and could be immediately known once
the surgical plan is decided. So, our nomogram could easily
achieve a precise personalized prediction of prolonged p-LOS
just during the preoperative period, with better efficiency and
is more economy-friendly.

Strikingly, besides the sufficient predictive and personal-
ized significance our nomogram displayed above, our present
findings also carried clinical preventive significance, which
fully expressed the advanced healthcare concept of predictive,

preventive, and personalized medicine (PPPM) [29].
Compared to age, gender, surgical approach, and surgical
type, preoperative RV/TLC ≥ 45% is the only modifiable risk
factor identified for prolonged p-LOS. Therefore, for patients
undergoing lung cancer surgery, we clinicians must note
whether patients have a RV/TLC ≥ 45% and normalize it pre-
operatively. Only by this way can we avoid an unnecessary
increased risk of prolonged p-LOS. Many studies have report-
ed that preoperative pulmonary rehabilitation (high intensity
training and exercising program), even in short-term, can
markedly improve patient’s PFTs [30–32]. So, we suggested
that future preoperative pulmonary rehabilitation should be
recommended to patients with the need to ameliorate RV/
TLC, thus preventing them from an unnecessary prolonged
p-LOS.

Study limitations

Despite the strengths described above, there were inevitably
some limitations in our study: (i) The enrolled population of
the external validation set seemed to be not abundant, thus
shaping a relatively steep ROC curve in the external valida-
tion. Our developed nomogrammight get even higher external
discriminate ability, measured by AUC, if there were more
participants in the external validation set. (ii) Although our
study has included as many perioperative variables as possi-
ble, some other important perioperative variables known for
influencing lung cancer p-LOS were still missing in our pres-
ent database, such as preoperative American Society of

Fig. 3 The calibration curves showing how close the nomogram
predicted probability is to the actual probability regarding predicting
prolonged p-LOS. a In the internal validation. b In the external
validation. X-axis is the nomogram-predicted probability; Y-axis is the
actually observed probability. The blue line represents a perfect
prediction that the predicted risk is exactly the observed risk. The red

line represents the nomogram performance, with the bilateral dotted
lines representing its 95% confidence interval. The red line above or
below the blue line represents underestimation or overestimation,
respectively. The closer the red line is to the blue line, the better
prediction of the nomogram holds

180 EPMA Journal (2019) 10:173–183



Anesthesiologists Classification or other non-respiratory co-
morbidities [6, 21]. On the other hand, it must be prudently
done if we want to additionally include these variables, be-
cause this conduct would either improve the model predictive
ability or incur an unwanted nomogram complexity. (iii) Our
present results were yielded from one large tertiary hospital. It
has been reported that the absolute days of p-LOS vary from
hospital to hospital [33, 34]. Although our nomogram exhib-
ited good predictive performance within our institution,
whether it can be extended to other hospitals remains to be a
question. So, when other hospitals apply this nomogram, they
should first survey an overall institutional p-LOS and calcu-
late the third quartile to determine their own threshold of
prolonged p-LOS. Then, they can resort to the five risk pre-
dictors and the nomogram we recommended in order to har-
vest a personalized risk prediction and evaluate its accuracy.
All of the above suggested that our present constructed nomo-
gram is promising and deserves to be further explored in fu-
ture clinical work and research.

Conclusions and recommendations

In summary, the present study, in a large simple size, yielded
results substantially exhibiting predictive, preventive, and per-
sonalized implications in the perioperative management of
lung cancer surgery. Firstly, the predictive implication was
that we identified five main risk predictors (age, gender, RV/
TLC, surgical approach, and type) for prolonged p-LOS. By
recognizing these risk predictors in daily clinical practice, we
can infer which patients are at an increased risk of prolonged
p-LOS in advance. Secondly, the preventive implication was
that the newly identified RV/TLC ≥ 45% was proved to be an
optimal marker to impact hospitalization. Considering that
RV/TLC is a well modifiable risk factor, preoperative inter-
ventions aiming at ameliorating RV/TLC, such as short-term
high intensity pulmonary rehabilitation, might prevent some
lung cancer patients from an unwanted prolonged p-LOS.
Thirdly, the personalized implication was that we integrated
all the five risk predictors into a user-friendly prediction tool
called nomogram. By means of this nomogram, we can deter-
mine the individualized risk of prolonged p-LOS for a specific
patient via comprehensively taking his/her age, gender, RV/
TLC, surgical approach, and type into consideration.

The present results rooting in the advanced healthcare con-
cept of PPPM [35, 36] can reliably answer a patient’s counsel-
ing of howmuch the probability he/she would be in prolonged
hospitalization. As a result, the patients can then prepare them-
selves both psychologically and financially before lung cancer
surgery, as well as appropriately schedule discharge planning.
If the patient was identified as high-risk individual for
prolonged p-LOS because of aberrant RV/TLC, he or she
may escape from the risk through clinicians-provided RV/

TLC correction, instead of passively or unawarely suffering
in the traditional way. On the other hand, based on this pre-
diction tool, clinicians can achieve a more well-organized
hospital bed management and better clinical pathwaymanage-
ment for lung cancer patients following surgery. Clearly, this
optimized management calls for a multi-disciplinary team,
namely a close collaboration of thoracic surgeons,
pulmonologists, and nurses, which is exactly conformed to
the PPPM-proposed principle that multi-professional consid-
eration and consolidation [37]. This present study is another
step forward to PPPM-guided cancer management, which is
initiated and encouraged by EPMA [38, 39].

Abbreviations EPMA European Association for Predictive, Preventive
and Personalised Medicine, PPPM predictive, preventive and personal-
izedmedicine, p-LOS postoperative length of stay, PFTs pulmonary func-
tion tests, IC inspiratory capacity, FEV1 forced expiratory volume in 1 s,
DLCO diffusion capacity for carbon monoxide, FVC forced vital capac-
ity, COPD chronic obstructive pulmonary disease, RV/TLC ratio of re-
sidual volume to total lung capacity, VATS video-assisted thoracic sur-
gery, SD standard deviation, IQR interquartile range, ROC receiver op-
erating characteristic, AUC area under the receiver operating characteris-
tic curve, OR odds ratio, CI confidence interval
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