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Background: Although many studies have reported that patients have undergone entire lung removal for 
lung cancer along with high operative mortality, the trends in the incidence and associated risk factors for 
operative death have not been explored in a national population-based study. In addition, a clinical decision-
making nomogram for predicting postpneumonectomy mortality remains lacking.
Methods: A total of 10,337 patients diagnosed with lung cancer who underwent pneumonectomy between 
1998 and 2016 were retrieved from the Surveillance, Epidemiology, and End Results (SEER) cancer registry. 
Multivariate logistic regression analysis was used to identify risk factors for predicting operative mortality. 
Thereafter, these independent predictors were integrated into a nomogram, and bootstrap validation was 
applied to assess the discrimination and calibration. Additionally, decision curve analysis (DCA) was used to 
calculate the net benefit of this forecast model.
Results: The overall postpneumonectomy mortality between 1998 and 2016 was 10.3%, including a 30-day  
mortality of 4.2%; however, there were statistically significant decreases in the operative death rates from 
8.8% in 1998 to 6.7% in 2016 (P=0.009). Higher operative mortality was associated with advanced patients 
(P<0.001), male sex (P<0.001), right-sided pneumonectomy (P<0.001), squamous cell carcinoma (SCC) 
(P=0.008), number of positive lymph nodes (npLNs) 5 or greater (P=0.010), and distant metastasis (P<0.001). 
However, induction radiotherapy (RT) was a protective factor (P<0.001). The nomogram integrating all of 
the above independent predictors was well calibrated and had a relatively good discriminative ability, with 
a C-statistic of 0.687 and an area under the receiver operating characteristic (ROC) curve (AUC) of 0.682; 
moreover, DCA demonstrated that our model was clinically useful.
Conclusions: If pneumonectomy was considered inevitable, clinical decision-making based on this simple 
but efficient predictive nomogram could help minimize the risk of operative death and maximize the survival 
benefit.
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Introduction

In 1933, Graham reported the first successful one-stage 
pneumonectomy for a gynecologist with lung squamous 
cell carcinoma (SCC) (1). Since then, pneumonectomy has 
become a standard surgical procedure in the treatment of 
lung neoplasms for a long period (2). However, with the 
development of lung-sparing resections (i.e., bronchoplastic 
and arterioplastic techniques, since 1946) and the advance of 
radiation therapies, targeted therapies and immunotherapies 
[i.e., stereotactic ablative radiotherapy (SABR), tyrosine 
kinase inhibitors (TKIs) and anti-programmed death (PD)-
1 antibody etc.] for locally advanced non-small cell lung 
cancer (LA-NSCLC), as well as the popularization of low-
dose computed tomographic screening for earlier-stage 
lung cancer, the constituent ratio of pneumonectomy in the 
treatment of lung cancer has shown a significant declining 
trend over the past 20 years (3). The current guidelines 
recommend, in the premise of ensuring a negative margin, 
incorporating pneumonectomy into a multidisciplinary 
treatment strategy for patients with LA-NSCLC to obtain 
long-term survival (4). Data from the National Cancer 
Database demonstrated that the 5-year overall survival 
(OS) rate of patients with pathologic stage IIIA (N2) 
NSCLC who underwent entire lung removal was up to 
50.0% (5). In addition, several retrospective cohort studies 
comparing thoracoscopic pneumonectomy with open 
pneumonectomy showed the comparable perioperative 
outcomes and long-term survival (6,7). Nevertheless, the 
higher pneumonectomy-related morbidity and mortality 
have undeniably influenced the intention to carry out 
this surgical procedure in clinical practice. Reported by 
a randomized controlled study, patients with stage IIIA 
(pN2) NSCLC who underwent induction chemoradiation 
followed by entire lung removal had an unacceptably high 
incidence of operative death (25.9%) (8). Although a recent 
real-world study based on the French National Database 
reported that the operative mortality of pneumonectomy 
after neoadjuvant therapy was an acceptable rate of 5.7%, 
the impression and apprehension of the high mortality 
remain (9). Therefore, to distinguish high-risk patients, 
it is necessary to identify the independent risk factors for 
postpneumonectomy death, i.e., clinical and pathological 
characteristics, induction therapy, and the extent of 
surgical resection etc., and to develop a model for precisely 
predicting this short-term outcome.

A nomogram, which is a simple and graphical predictive 
tool, can numerically calculate the risk probability of a 

clinical event tailored to individual patient (10-12). For 
many malignancies, the better predictive abilities of 
nomograms than the widely adopted tumor-node-metastasis 
(TNM) staging system have been demonstrated (10,13). 
Recently, some studies have also explored the clinical 
applicability of nomograms for predicting short-term 
outcomes, including in-hospital mortality, postoperative 
pneumonia, perioperative complications, etc., which could 
help surgeons and nurses make appropriate clinical decisions 
and formulate postoperative management strategies for 
patients (11,14,15). However, to date, a nomogram for 
precisely forecasting operative mortality in patients who 
underwent pneumonectomy remains unavailable.

Therefore, in this population-based study, the main 
purpose is to develop and validate the first predictive 
nomogram for numerically evaluating the individual risk 
probability of operative mortality for NSCLC patients 
after entire lung removal. And we present the following 
article in accordance with the Strengthening the Reporting 
of Observational Studies in Epidemiology (STROBE) 
reporting checklist (available at http://dx.doi.org/10.21037/
tlcr-20-561).

Methods

Data source and cohort selection

Patients in this retrospective longitudinal study were 
identified from the Surveillance, Epidemiology, and End 
Results (SEER) 18 registry custom database with an 
additional treatment fields (1975–2016 varying, released April 
2019, www.seer.cancer.gov), which has a higher proportion of 
foreign-born persons (17.9%) than the general United States 
population (13.2%). SEER*Stat 8.3.5 was installed to extract 
the information of patients who underwent pneumonectomy 
(surgical primary site codes: 40, 50–56, 65–66, 70) for lung 
cancer [the third edition of International Classification of 
Disease for Oncology (ICD-O-3): lung and bronchus, and 
behavior recode for analysis: malignant] from 1998 to 2016 
(N=10,801). Four hundred and sixty-four patients with other 
primary malignant tumors incomplete follow-up times or 
outcomes, unavailable TNM staging, and age at diagnosis 
less than 18 years old were excluded from the final statistical 
analysis (Figure S1).

Ethics statement

The study was conducted in accordance with the Declaration 

http://dx.doi.org/10.21037/tlcr-20-561
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of Helsinki (as revised in 2013). This retrospective 
study based on the SEER database was approved by 
the Surveillance Research Program in National Cancer 
Institute’s Division of Cancer Control and Population 
Sciences (DCCPS) (reference number: 12101-Nov2018). 
Because of the retrospective nature of the research, the 
requirement for informed consent was waived.

Covariates

The continuous variable of age at diagnosis was divided into 
four age brackets (≤40, 41–60, 61–70, ≥70). Similarly, year 
of diagnosis was also transformed into a categorical variable 
and was grouped into 5-year intervals as follows: 1998–2002, 
2003–2007, 2008–2012, and 2013–2016. The SEER summary 
T stage, N stage, and M stage were recategorized according 
to the eighth edition of the American Joint Committee on 
Cancer Staging Manual (16). Patients recorded as radiation 
prior to surgery, intraoperative radiation with or without 
other radiation before/after surgery, radiation before and 
after surgery, and sequence unknown but both were given 
were classified into the preoperative radiotherapy (RT) 
group. The histopathology based on the SEER variable 
“Histology ICD-O-3” was roughly categorized into 
adenocarcinoma (AC), SCC, adenosquamous cell carcinoma, 
neuroendocrine carcinoma (NC), carcinosarcoma, or other 
and unclassified carcinomas according to the 2015 World 
Health Organization (WHO) classification of tumors of the 
lung. In addition, these different measurement units were all 
converted to millimeters (mm).

Outcomes

Survival months were calculated from the date of 
pneumonectomy to the date of death or the last follow-
up. This study defined operative mortality, which was 
the primary study outcome, as any death within 90 days  
(3 months) of pneumonectomy; accordingly, patients who 
did not die during the first 90 days after pneumonectomy 
were defined as 90-day survivors. All causes of death were 
regarded as uncensored cases in the OS analysis, but the 
cancer-specific survival (CSS) analysis included only death 
caused by lung cancer.

Data analysis and statistical methods

X-Tile version 3.6.1 software for Windows (Copyright Yale 

University 2003, http://www.tissuearray.org/rimmlab/) was 
used to establish the optimal cut-off values for the number of 
positive lymph nodes (npLNs) (≤4/≥5) and the total number 
of tumors (1/≥2). Between patients presenting operative 
death and those who did not, the comparisons for frequencies 
and percentages were performed by chi-square tests or 
Fisher’s exact test, and Student’s t-test or the Mann-Whitney 
U test was applied to compare the continuous variables. 
These variables independently associated with operative 
mortality (P<0.05) were included in the multivariate 
logistic regression models. All above data analyses were 
performed by the Statistical Product and Service Solutions 
version 23.0 software (SPSS, IBM, Inc., Chicago, IL, USA,  
www.ibm.com/analytics/spss-statistics-software).

With the aid of R version 3.6.3 software for Windows  
(R Foundation for Statistical Computing, Vienna, Austria, 
www.r-project.org), the significant variables from the 
multivariate models were used to draw the graphical 
nomogram by using the “rms” package (15). Subsequently, 
a calibration curve was plotted to show the relationship 
between the nomogram-predicted probabilities and the 
observed probabilities. The C-statistic and area under 
the receiver operating characteristic (ROC) curve (AUC) 
were used to measure the discrimination efficiency of this 
nomogram by bootstrap validation with 200 resamples 
from the original cohort, which was operated under the 
“pec” and “ROCR” packages, respectively. In addition, the 
novel decision curve analysis (DCA) was performed with the 
“rmda” package to calculate the net benefit of the forecast 
model by resampling 1,000 cases. The trend lines of the 
5-year CSS and OS rates, operative mortality, and the use of 
pneumonectomy from 1998 to 2016 and the Kaplan-Meier 
survival curves were graphed by using GraphPad Prism 7.0 
software (San Diego, CA, USA, www.graphpad.com). The 
significance level for all tests was set at a P value less than 0.05.

Results

Baseline characteristics

The baseline characteristics of this study cohort are 
summarized in Table 1. A total of 10,337 patients who 
underwent pneumonectomy (mean age: 62.5 years, range: 
20–92 years) were retained in the final data analysis. The 
majority of patients were male (64.6%), married (63.1%) 
and uninsured (60.0%). However, only 9.4% of patients 
were given induction RT or chemoradiotherapy (CRT) 

http://www.ibm.com/analytics/spss-statistics-software
http://www.graphpad.com
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Table 1 Clinical and pathological variables for predicting operative mortality

Variables
Operative death Multivariate analysis

Yes (n=1,061) No (n=9,276) P value OR (95% CI) P value

Age (years), n (%) <0.001

≤40 10 (0.9%) 278 (3.0) Reference

41–60 252 (23.8) 3,643 (39.3) 1.700 (1.082–3.273) 0.013

61–70 360 (33.9) 3,227 (34.8) 2.650 (1.379–5.092) 0.003

≥70 439 (41.4) 2,128 (22.9) 4.966 (2.584–9.543) <0.001

Mean ± SD 66.99±10.03 62.00±10.70 0.001

Sex, n (%) <0.001

Male 785 (74.0) 5,893 (63.5) Reference

Female 276 (26.0) 3,383 (36.5) 0.640 (0.551–0.744) <0.001

Race, n (%) 0.306

White 928 (87.5) 7,978 (86.0)

Black 90 (8.5) 801 (8.6)

American Indian/AK native 13 (1.2) 113 (1.2)

Asian/Pacific Islander 30 (2.8) 376 (4.1)

Other 0 (0.0) 8 (0.1)

Primary site, n (%) 0.001

Upper lobe 487 (45.9) 4,539 (48.9) Reference

Middle lobe 52 (4.9) 356 (3.8) 1.067 (0.875–1.542) 0.693

Lower lobe 291 (27.4) 2,411 (26.0) 1.026 (0.876–1.202) 0.746

Overlapping lesion 99 (9.3) 722 (7.8) 1.072 (0.844–1.361) 0.571

Main bronchus 62 (5.8) 781 (8.4) 0.767 (0.578–1.018) 0.067

Lung, NOS 70 (6.6) 467 (5.0) 1.161 (0.875–1.542) 0.300

Laterality, n (%) <0.001

Right 579 (54.6) 3,794 (40.9) Reference

Left 479 (45.1) 5,461 (58.9) 0.550 (0.481–0.630) <0.001

Bilateral 0 (0.0) 3 (0.0) – 0.999

Unknown 3 (0.3) 18 (0.2) 1.115 (0.309–4.021) 0.868

Histology, n (%) <0.001

SCC 540 (50.9) 4,255 (45.9) Reference

AC 320 (30.2) 3,141 (33.9) 0.809 (0.692–0.947) 0.008

ASC 37 (3.5) 250 (2.7) 1.016 (0.701–1.471) 0.935

NC 74 (7.0) 868 (9.4) 0.764 (0.571–1.023) 0.071

PCS 30 (2.8) 156 (1.7) 1.375 (0.897–2.108) 0.144

Other 60 (5.7) 606 (6.5) 0.819 (0.608–1.103) 0.188

Table 1 (continued)
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Table 1 (continued)

Variables
Operative death Multivariate analysis

Yes (n=1,061) No (n=9,276) P value OR (95% CI) P value

Grade, n (%) 0.010

Well 43 (4.1) 530 (5.7) Reference

Moderately 326 (30.7) 2,971 (32.0) 1.123 (0.795–1.588) 0.510

Poorly 537 (50.6) 4,280 (46.1) 1.330 (0.946–1.868) 0.100

Undifferentiated 55 (5.2) 433 (4.7) 1.409 (0.896–2.217) 0.138

Unknown 100 (9.4) 1,062 (11.4) 1.154 (0.782–1.702) 0.471

Tumor size (mm)

Mean ± SD 51.53±26.95 49.40±25.19 0.058

T stage, n (%) <0.001

T0–1 108 (10.2) 1,028 (11.1) Reference

T2 466 (43.9) 4,690 (50.6) 0.890 (0.707–1.119) 0.319

T3 243 (22.9) 1,796 (19.4) 1.203 (0.935–1.547) 0.151

T4 244 (23.0) 1,762 (19.0) 1.281 (0.997–1.647) 0.053

N stage, n (%) 0.675

N0 423 (39.9) 3,664 (39.5)

N1 373 (35.2) 3,247 (35.0)

N2 252 (23.8) 2,283 (24.6)

N3 13 (1.2) 82 (0.9)

No. of resected lymph node

Mean ± SD 11.94±9.46 12.34±9.32 0.183

No. of positive lymph node, n (%) 0.034

≤4 911 (85.9) 8,216 (88.5) Reference

≥5 150 (14.1) 1,060 (11.4) 1.309 (1.066–1.607) 0.010

Mean ± SD 2.02±3.25 1.77±2.96 0.008

M stage, n (%) <0.001

M0 947 (89.3) 8,692 (93.7) Reference

M1 114 (10.7) 584 (6.3) 1.884 (1.503–2.360) <0.001

Total no. of tumors, n (%) 0.001

1 856 (80.7) 7,840 (84.5) Reference

≥2 205 (19.3) 1,436 (15.5) 1.100 (0.927–1.306) 0.274

Mean ± SD 1.24±0.53 1.18±0.45 <0.001

Preoperative RT, n (%) <0.001

No 1,021 (96.2) 8,347 (90.0) Reference

Yes 40 (0.4) 929 (10.0) 0.391 (0.281–0.545) <0.001

Table 1 (continued)
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Table 1 (continued)

Variables
Operative death Multivariate analysis

Yes (n=1,061) No (n=9,276) P value OR (95% CI) P value

Insurance status, n (%) 0.869

Any insurance 421 (39.7) 3,705 (39.9)

Uninsured 640 (60.3) 5,571 (60.1)

Marital status, n (%) 0.863

Single 365 (34.4) 3,117 (33.6)

Married 661 (62.3) 5,841 (63.0)

Unknown 35 (3.3) 318 (3.4)

OR, odds ratio; CI, confidence interval; SD, standard deviation; NOS, not otherwise specified; SCC, squamous cell carcinoma; AC,  
adenocarcinoma; ASC, adenosquamous carcinoma; NC, neuroendocrine carcinoma; PCS, pulmonary carcinosarcoma; no., number; RT, 
radiotherapy.

before a pneumonectomy. The primary sites of the tumor 
were mostly located on the left side (57.5%) and the 
upper lobe (48.6%). The majority of pneumonectomies 
were due to locally advanced lung cancer (pathological 
stage II and III: 31.8% and 41.4%, respectively), and 698 
advanced patients underwent this surgical procedure. At 
postoperative pathological examination, SCC was the 
predominant histological subtype (46.4%), followed by AC 
(33.5%); in addition, the constituent ratios of histological 
grade I, II, III and IV were 5.5%, 31.9%, 46.6% and 4.7%, 
respectively.

Operative mortality

The overall operative mortality between 1998 and 2016 
(almost 20 years) was 10.3%, including a 30-day mortality 
of 4.2% (430 cases). The independent predictors identified 
by the multivariable logistic regression analysis for operative 
mortality are shown in Table 1. Compared to younger 
patients (≤40 years), the odds ratio (OR) was 2.7 [95% 
confidence interval (CI): 1.4–5.1; P=0.003] for patients aged 
61–70 years and 5.0 (95% CI: 2.6–9.5; P<0.001) for patients 
aged ≥70 years. Similarly, right-sided pneumonectomy was 
associated with approximately twice the operative mortality 
as left-sided pneumonectomy (P<0.001). In addition, male 
sex, SCC, npLNs 5 or greater and stage M1 were also 
indicated to be risk predictors for postoperative death. 
However, induction RT was a protective factor (OR: 0.4, 
95% CI: 0.3–0.5; P<0.001).

Nomogram for predicting operative mortality

The above independent predictors identified by the 
multivariable analysis for operative mortality were 
integrated into the nomogram (Figure 1), which could be 
used to predict the risk probability of operative death for 
lung cancer patients who underwent pneumonectomy. The 
calibration curve for the probability of operative death 
in the bootstrap validation cohort demonstrated good 
accuracy between the actual values and prediction (Figure 
2A). Furthermore, the numerical model showed a relatively 
good discriminative ability with a C-statistic of 0.687 and 
an AUC of 0.682 (Figure 2B). In addition, DCA and clinical 
impact curve analysis were introduced to further evaluate 
the clinical utility of this graphical model. The curves 
(Figure 3) indicated that if the threshold probability was in 
the range of 0.3–0.7, using this graphical model to predict 
operative death added more net benefit.

Trend of pneumonectomy and long-term survival

Data from the SEER database demonstrated a significant 
decrease in the constitute ratio of pneumonectomy in the 
surgical treatment of lung cancer over the past two decades 
[1998–2002 (cohort 1): 6.7%; 2003–2007 (cohort 2): 5.9%; 
2008–2012 (cohort 3): 5.1%; 2013–2016 (cohort 4): 2.9%; 
P=0.001]. Similarly, there was a significant declining trend 
in the postpneumonectomy death rate (10.8%, 9.7%, 
11.8%, and 9.1% in cohorts 1, 2, 3, and 4, respectively; 
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Figure 1 Nomogram for predicting the operative mortality of patients who underwent pneumonectomy for lung cancer. SCC, squamous 
cell carcinoma.

Figure 2 The calibration curve (A) and ROC curve (B) according to the nomogram for predicting the operative mortality of patients who 
underwent pneumonectomy for lung cancer in the bootstrap validation. ROC, receiver operating characteristic.
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P=0.009; Figure 4A).
The estimated 5-year OS and CSS rates in operative 

survivors were 40.2% and 55.5%, respectively, and there 
were statistically significant increases in the 5-year OS 
rate from 35.8% in 1998 to 48.1% in 2012 (P<0.001) and 
in the 5-year CSS rate from 49.9% in 1998 to 62.7% in 
2012 (P<0.001, Figure 4A). Moreover, the running log-rank 
statistics showed that the widely adopted TNM staging 
system was still valid in separating the long-term survival of 
pathological stage I–IV lung cancers after pneumonectomy 

(all P<0.001, Figure 4B,C).

Discussion

In this population-based study, age, sex, laterality, histology, 
positive lymph nodes, metastasis, and preoperative RT were 
identified by multivariate logistic regression analysis as 
independent risk factors for predicting postpneumonectomy 
death. Subsequently, the above seven predictors were 
incorporated into a nomogram to numerically calculate the 
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risk probability of operative death tailored to individual 
patients.

In the National Surgical Quality Improvement Program 
(NSQIP) database, surgical mortality was defined as any cause 
of death occurring within 30 days after noncardiac thoracic 
surgery. The 30-day mortality could not only assess the index 
operative risk but also weigh the purported survival benefit 
and the unintended postoperative death (17,18). Generally, 
for patients who underwent routine thoracic surgery, such 
as sublobar resection and lobectomy, the 30-day interval was 
close enough to capture all operation-related deaths (19).  
However, recent studies on pneumonectomy have reported 
that 90-day mortality (3.0–21.0%) is approximately twice 
as high as 30-day mortality (1.5–12.0%) (7,18,20-24). In 
other words, the operative risk of entire lung removal 
did not end at 30 days or discharge. Therefore, to reduce 
operative mortality and successfully manage postoperative 
complications, intensive care, treatment, and follow-up 
lasting for 90 days or more may be more appropriate for 
patients who undergo pneumonectomy.

Similar to the findings of a host of previous studies, 
our multivariate regression analysis also found that 
the risk of operative mortality increased with male sex, 
advanced age, right-sided pneumonectomy, and SCC 
(9,23,25). In addition, the npLNs (≥5) was first identified 
as a risk factor for postpneumonectomy death, but the 
traditional node staging did not show this predictive 
value; similarly, distant metastasis was also associated with 
higher operative mortality, which cautioned us that the 
advanced stage was a poor indication not only for long-term 
survival but also for short-term outcomes. Therefore, if 

pneumonectomy was considered inevitable before surgery, 
accurate staging techniques, such as positron emission 
tomography, endobronchial ultrasonography, or endoscopic 
ultrasonography etc., may be necessary.

However, the risk of operative mortality after induction 
RT and pneumonectomy remains controversial. A phase III 
study, administered by the Radiation Therapy Oncology 
Group (RTOG9309) evaluated the survival benefit of 
surgical resection after CRT for stage IIIA (N2) NSCLC. 
Of 54 patients who underwent pneumonectomy, 14 patients 
(25.9%) experienced operative death within 30 days (8). 
Similarly, in two other randomized controlled trials, the  
30-day mortality of LA-NSCLC patients after induction 
CRT and pneumonectomy was 9.6% (10/104) and 6.9% 
(5/72), respectively (26,27). The findings of recently 
reported big data study based on the Society of Thoracic 
Surgery General Thoracic Surgery Database (STS GTDB) 
were in line with this trend (28). Therefore, complete lung 
removal may not be suitable for LA-NSCLC patients after 
CRT unless operative death can be avoided. However, as 
reported by a single center prospective study, the mortality 
after pneumonectomy between patients receiving and not 
receiving induction CT (cisplatin-based regimen, two 
cycles) and RT (50.4 Gy) for LA-NSCLC showed no 
significant difference (29). Moreover, a study reported that 
even though patients received concurrent induction CT 
and full-dose RT (59.4–66.6 Gy), the operative mortality 
of pneumonectomy was nil (30). More interestingly, the 
French National General Thoracic Surgery Database 
(EPITHOR) reported that, adjusted for propensity scores, 
neoadjuvant CRT or RT was significantly associated with a 

Figure 3 DCA (A) and clinical impact curve (B) to calculate the net benefit of the nomogram for predicting the operative mortality of 
patients who underwent pneumonectomy for lung cancer in bootstrap validation. DCA, decision curve analysis.
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decreased risk of operative mortality, which was consistent 
with the findings of our population-based study (9). On 
the basis of the available evidence from the literature, we 
presumed that the following limitations may lead to this 
striking finding.

First, the time spans of this retrospective study covered 
almost 20 years; therefore, selection bias was inevitable. 
Second, the proportions of the use of induction RT 
or CRT in our SEER database cohort and the French 
EPITHOR cohort were lower than those of the American 
STS GTDB cohort (9.4% and 2.7% vs. 16.7%), which may 
result in treatment bias (9,28). Third, the incidences of 
postpneumonectomy complications were not documented 
in the SEER database, which could have result in a severe 
short-term prognosis (7,9). In addition, preoperative 
patient selection, intraoperative preventive actions, and 
postoperative intensive care, especially for patients who 
received induction therapy, to avoid the occurrence of these 
dreaded complications after whole lung removal could not 
be retrieved from the database. However, these processes, 
including performance status evaluation, pulmonary 
function tests, right heart function tests, bronchial stump 
coverage, postoperative volume of fluids in the first 12 hours, 
postoperative pulmonary artery pressure measurements, 
chest tube handling, etc., have been reported to significantly 
reduce the incidence of postpneumonectomy morbidity 
and mortality (31,32). Fourth, the hospital volumes of 
surgical procedures and radiotherapies had significant effect 
on postpneumonectomy mortality and radiation toxicity 
to the remaining lung, but this factor was not considered 
in our study (33,34). Undeniably, the extensive surgery, 
airway management, RT and nursing experience available 
in the United States may have a positive contribution to 
this favorable finding. The above descriptions were also the 
limitations of this population-based study.

To visualize and integrate these independent risk factors, 
a graphical nomogram was built to generate intuitive 
and numerical risk probabilities of postpneumonectomy 
death for individual patients. Moreover, this predictive 
model showed a relatively good discriminative ability and 
clinical net benefit in bootstrap invalidation, and all the 
factors listed could be easily obtained from clinical and 
pathological data, which facilitates the clinical applicability 
during postoperative decision making for pneumonectomy. 
However, of note, bootstrapping was selected as the 
validation method in the present study, and further external 
validation should be performed in clinical practice.

Conclusions

Although the high overall mortality of entire lung removal 
between 1998 and 2016 remained in the SEER database, 
a significant declining trend was also observed. Moreover, 

Figure  4  Trends  o f  the  u se  o f  pneumonec tomy,  and 
postpneumonectomy survival rates. (A) Changes in the 5-year CSS 
rates, the 5-year OS rates, the postpneumonectomy mortality, and 
the constituent ratios of pneumonectomy in the surgical treatment 
of lung cancer; (B) the OS curves of 90-day survivors after 
pneumonectomy according to the combined TNM staging; (C) the 
CSS curves of 90-day survivors after pneumonectomy according 
to the combined TNM staging. CSS, cancer-specific survival; OS, 
overall survival; TNM, tumor-node-metastasis.
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patients underwent pneumonectomy for lung cancer and did 
not experience postoperative death could obtain the chance 
for long-term survival. Therefore, in the present study, the 
graphical nomogram with a relatively good performance 
could weigh the risk of operative death and survival benefit 
after pneumonectomy.
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Figure S1 Patient selection algorithm.
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