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Background: Nowadays surgery remains the best treatment for localized lung cancer (LC). However, 
patients over 80 years old are often denied surgery because of the postoperative risk of death. This study 
aimed to estimate in-hospital mortality (IHM) and determine whether age over 80 is the most important 
predictor of IHM after LC surgery.
Methods: From January 2005 to December 2015, 97,440 patients, including 4,438 patients over 80 years 
old, were operated on for LC and recorded in the French Administrative Database. Characteristics of 
patients, hospitals and surgery were analysed.
Results: Crude IHM was 3.73% (n=3,639) and 7.77% (n=345) for the over 80s vs. 3.54% (n=3,294) 
for younger patients (P<0.0001). In multivariate analysis, predictive factors for IHM with the odds ratios 
(OR) were: 2.60 for age ≥80 (95% CI: 2.30–2.94; P=0.0001), 5.85 for a previous liver disease (95% CI: 
4.79–7.16; P=0.0001) and 5 for previous lung disease (95% CI: 4.25–5.9; P=0.0001). IHM was also linked 
to hospital volume with an OR of 0.75 (95% CI: 0.69–0.81; P=0.0001) and a linear decrease for predicted 
IHM according to hospital volume for the over 80s. Adjusted ORs were 1.15 (95% CI: 0.96–1.4; P=0.0116) 
for lobectomy, 2.18 for bilobectomy (95% CI: 1.7–2.8; P=0.0001) and 3.83 (95% CI: 3.2–4.6; P=0.0001) for 
pneumonectomy. 
Conclusions: Concerning IHM, age ≥80 had a lower weight than did a previous pulmonary or liver disease 
and the type of pulmonary resection. Patients over 80s with localized LC and no significant comorbidities 
should be referred for surgery if lobectomy or sublobar resection could be performed.
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Introduction

Age is an important risk factor for morbidity and mortality 
after lung resection for non-small cell lung cancer (NSCLC), 
and therefore, curative lung cancer (LC) surgery is less 
often proposed to older patients (1). In the last decade, life 
expectancy has increased, and in 80-year-old patients it 
is around 8.2 years for men and 9.6 years for women (2).  
Predictions estimated that in 2050, more than 20% of 
the world’s population will be 80 years old or older (3).  
Today, LC is the second leading cause of death in 
octogenarians after heart disease but remains the leading 
cause of death by cancer in the US, with around 174,000 
deaths of octogenarians in 2012 (4). In elderly patients, the 
probability of developing LC is 6.4% for men (1 in 16 men) 
and 4.8% in women (1 in 21 women) (4). 

According to the 2013 guidelines of the American 
College of Chest Physicians, surgical resection remains 
the best treatment for primary LC (5). In the last decade, 
improvements have been made in the quality of preoperative 
assessments and postoperative care, and these have led 
to a decrease in postoperative mortality following LC 
surgery (6). Today, more and more octogenarians present 
localized LC that is eligible for surgical resection. Despite 
an increased number of these patients, there are few reports 
in the literature and most of those that have been published 
have fewer than 100 patients, and no results from large 
national database analyses are available (7-12).

The objective of the present study was to determine in-
hospital mortality (IHM) in patients aged 80 years and older 
undergoing LC surgery and to determine whether age is the 
most important predictor of IHM within a large national 
cohort of patients operated on for LC.

Methods

Data source and study population

Data from patients who underwent pulmonary resection 
for LC in France from January 2005 to December 2015 
were collected from the national administrative database. 
This national database, called PMSI for “Programme de 
Médicalisation des Systèmes d’Information”, was inspired 
by the US Medicare system. The reliability and validity 
of PMSI data have already been assessed (13). Routinely 
collected medical information includes the principal 
diagnosis, secondary diagnoses and procedures performed. 
Diagnoses identified during the hospital stay are coded 
according to the International Classification of Diseases, 

10th revision (ICD-10) (14). We selected patients with a 
diagnosis of primary LC coded as the principal discharge 
diagnosis (all codes C34). Procedures were coded according 
to the CCAM (Classification Commune des Actes 
Médicaux). All patients were provided with information 
regarding the collection of medical data relative to their 
hospitalization. For all patients, LC was pathologically 
proven according to the 2004 World Health Organization 
classification of LC (15). Surgery-related variables included 
the surgical approach [thoracotomy, video-assisted thoracic 
surgery (VATS)], the type of resection [sublobar resection 
(wedge resection and anatomical segmentectomy), 
l obec tomy,  b i lobec tomy  and  pneumonec tomy] , 
bronchoplasty, and the extent of the pulmonary resection 
(to the chest wall, the left atrium, the carina, the diaphragm, 
and the superior vena cava). The study period was 2005 to 
2015.

Patients’ characteristics 

Baseline demographics included age and gender. From the 
national administrative database, we included the following 
comorbidities: pulmonary disease (chronic bronchitis, 
emphysema), alcohol abuse, liver disease, cerebrovascular 
events, neurological diseases (hemiplegia or paraplegia), 
dementia, diabetes mellitus with and without complications, 
renal disease, coagulopathy, leukaemia, lymphoma, 
ulcerative disease, history of malignant disease, obesity, 
other therapies (preoperative chemotherapy, steroids). We 
also calculated the modified Charlson Comorbidity Index 
(CCI) (16).

Outcome measurements

IHM was defined as any patient who died in hospital 
(including patients transferred to other departments or 
hospitals) within the first 30 days after the operation and 
those who died later during the same hospitalization.

Statistical analyses

To determine independent factors for in-hospital death, 
we first performed univariate analysis with the χ2 test for 
binary and categorical variables and a t-test for continuous 
variables. Variables with a level of significance of 0.1 or less 
in the univariate analysis were included in the multivariate 
logistic regression. Predicted mortality was calculated 
from a multiple regression model including age, sex, 
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comorbidities, period of time, and hospital characteristics. 
Interaction effects were sought for all variables included in 
the model. Hospital volume was extrapolated according to 
the median number of procedures performed per center per 
year, and was a ranked variable grouped into five quintiles 
(1, 2–4, 5–14, 15–39 and >39). For the regression analysis, 
hospital volume and period of time were continuous 
variables and the modified CCI score and type of pulmonary 
resection were ranked variables. Other variables were 
binary. Log-linearity was tested for age, period of time and 
hospital volume.

Our decision tree was built using the hierarchy of the 
weight of each predictive factor for IHM determined by 
logistic regression.

Validation

The area under the receiver operating characteristic curve, 
the index-corrected Dxy correlation, and the R2 value 
were used to measure the discriminatory ability of the 
model (17,18). The reliability of the model was estimated 
by the relationship between the predicted probability and 
the observed outcome. Calibration by plotting predicted 
against observed probability can estimate intercepts and 
slopes of curves to quantify overfitting (18). Well-calibrated 
models have a slope of 1, whereas models that provide 
overly extreme predictions have a slope of less than 1: low 
predicted probabilities are too low and high predicted 
probabilities are too high. 

The internal validation of the model was assessed 
with bootstrap resampling techniques (18). A model in 

the bootstrap sample (test set) is derived and applied to 
the original sample without change. The discriminatory 
and reliability index from the bootstrap sample minus 
the index computed on the original sample is an estimate 
of optimism. This process is repeated for 100 bootstrap 
replications to obtain an average optimism, which is 
subtracted from the apparent accuracy of the final model’s 
(corrected index) fit to obtain the overfitting-corrected 
estimate (18).

We used a regression tree to approximate the model to 
make it easier to understand, using the model’s predicted 
probability as the dependent variable. For each terminal 
node, we showed the distribution of the model’s predicted 
probabilities (18). Discrete variables were expressed as 
numbers with percentages, and continuous variables as 
means and standard deviations. STATA 14 statistical 
software (StataCorp, College Station, Tex) and R statistical 
software, for which we used Harrell’s Design library (http://
www.r-project.org), were used for the analyses.

Results

Patients’ characteristics

From January 2005 to December 2015, 97,440 patients, 
including 4,438 patients aged 80 years old or older, were 
operated on for LC in France. There was a trend towards 
an increase in the annual number of patients operated on 
in France from 2005 to 2015 (P=0.43) (Figure 1). Patients’ 
characteristics are reported in Table 1. Among the over 
80s, there was a significantly greater proportion of patients 
with comorbidities: kidney disease, neurological disease, 

Figure 1 Evolution of the number patients older than 80 years old who were operated for LC from 2005 to 2015. LC, lung cancer. 
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Table 1 Baseline characteristics of the over 80s and younger patients operated on for LC in France between 2005 and 2015 (n=97,440)

Variables <80 years (n=93,002) ≥80 years (n=4,438) P 

Demographics

Gender 0.187

Male 66,402 (71.4) 3,128 (70.5)

Female 26,600 (28.6) 1,310 (29.5)

Comorbidity

Pulmonary disease 31,709 (34.1) 1,438 (32.4) 0.019

Heart disease 15,900 (17.1) 1,317 (29.6) <0.0001

Vascular disease 9,586 (10.3) 507 (11.4) 0.018

Neurological disease 4,150 (4.5) 253 (5.7) <0.0001

Liver disease 900 (0.9) 19 (0.4) <0.0001

Renal disease 1,796 (1.9) 230 (5.2) <0.0001

Metabolic disease 10,309 (11.1) 582 (13.1) <0.0001

Haematological disease 2,930 (3.2) 181 (4.1) <0.001

Other treatment 37,232 (40.0) 1,768 (39.8) 0.795

Modified CCI score 0.796

0 31,435 (33.8) 1,530 (34.5)

1 11,841 (12.7) 559 (12.6)

2 11,187 (12.0) 520 (11.7)

≥3 38,532 (41.4) 1,829 (42.2)

Surgical management

Type of pulmonary  
resection

<0.0001

Sublobar resection 12,697 (13.6) 860 (19.3)

Lobectomy 62,247 (66.9) 3,102 (69.9)

Bilobectomy 4,465 (4.8) 203 (4.5)

Pneumonectomy 11,593 (12.4) 273 (6.1)

Extended resection 31,938 (34.3) 1,628 (36.6) 0.002

Sleeve lobectomy 22,062 (23.7) 1,628 (36.6) <0.0001

Video-assisted thoracic surgery 10,837 (11.6) 709 (16.0) <0.0001

Characteristics of centre

Hospital volume (number of procedures/year) <0.0001

1 197 (0.2) 9 (0.2)

2–4 904 (0.9) 53 (1.2)

5–14 3,836 (4.1) 173 (3.9)

15–39 16,404 (17.6) 1,006 (22.6)

>39 71,661 (77.1) 3,197 (72.0)

Table 1 (Continued)
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Table 1 (Continued)

Variables <80 years (n=93,002) ≥80 years (n=4,438) P 

Hospital type <0.0001

Non-academic 11,679 (12.5) 545 (12.3)

Private 41,577 (44.7) 2,271 (51.2)

Academic 39,746 (42.8) 1,622 (36.5)

CCI, Charlson Comorbidity Index; LC, lung cancer.

metabolic disease and haematological disease (Table 1). 
There was no significant difference between groups 
regarding the gender or the modified CCI score (Table 1).

Management

As compared to younger patients, patients over 80 years 
old had more sublobar resections and lobectomies (19.3% 
vs. 13.6% and 69.9% vs. 66.9%, respectively), and fewer 
pneumonectomy (6.1% vs. 12.4%) (P<0.0001) (Table 1). 
The over 80s more often underwent surgery in medium-
volume centres (15 to 39 LC surgeries a year) than did 
younger patients (22.6% vs. 17.6%) and less often in 
high-volume centres (>39 LC surgeries a year) (72.0% 
vs. 77.1%) (P<0.0001) (Table 1). Moreover, a significantly 
higher proportion of patients over 80 than younger patients 
were operated on in private institutions (51.2% vs. 44.7%; 
P<0.0001) (Table 1). 

IHM and prognostic factors

After surgery, crude IHM was 3.73% (n=3,639), and was 
higher for patients over 80 than for younger patients: 7.77% 
(n=345) vs. 3.54% (n=3,294), respectively (P<0.0001). For 
the over 80s, IHM was 5.9% (n=51) for sublobar resection, 
7.3% (n=226) for lobectomy, 10.8% (n=22) for bilobectomy 
and 16.8% (n=46) for pneumonectomy.

In the logistic model, IHM was significantly linked to an 
age of 80 years or older, a CCI score ≥3 and a comorbidities 
of liver disease, pulmonary disease, haematological disease, 
kidney disease, and neurological disease (Table 2). 

IHM was also significantly linked to the type of 
pulmonary resection: the adjusted OR was 1.15 (95% CI: 
0.96–1.4; P=0.0116) for lobectomy, 2.18 for bilobectomy 
(95% CI: 1.7–2.8; P=0.0001) and 3.83 (95% CI: 3.2–4.6; 
P=0.0001) for pneumonectomy compared to limited 

resection (Table 2). 
IHM was also linked to hospital volume and the time 

period (from 2005 to 2015) with ORs of 0.75 (95% CI: 
0.69–0.81; P=0.0001) and 0.88 (95% CI: 0.81–0.95; 
P=0.001), respectively (Table 2). There was a linear decrease 
in the predicted IHM according to hospital volume 
whatever the age over 80 years old (Figure 2).

Validation

The performance of the model for the training set and its 
ability to predict IHM for the test set are reported in Table 
3. The index-corrected Dxy correlation and R2 values were 
no different between the training set and test set (Table 3). 
The slope-correction factor was 0.99 (Table 3). 

Regression tree 

The regression tree was used to assess the predicted IHM 
after lung resection regarding the patients’ comorbidities 
(Figure 3). It showed that for any patient, IHM was strongly 
linked to a comorbidity of pulmonary and liver disease. In 
such patients who needed pneumonectomy, predicted IHM 
was 49% (Figure 3).

It also showed that for any patient, including the 
over 80s, with no pulmonary comorbidities, predicted 
IHM was 4.2% after pneumonectomy, and 1.4% after 
lesser resection in patients without liver disease. In our 
regression tree, age was taken into account only for 
patients with a comorbidity of pulmonary disease (but not 
liver disease) and undergoing pulmonary resection (less 
invasive than pneumonectomy). IHM reached 14% for 
the over 80s and was lower for younger patients (Figure 3). 
Indeed, age had a lower weight in predicted IHM than did 
a comorbidity of pulmonary or liver disease, or the type of 
pulmonary resection.
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Discussion

It is difficult to select patients over 80 years old for surgical 
management. Few articles on this population are available 
and in most clinical trials on medical management less 
than 25% of patients were older than 65 years old (19). 
Moreover, published evidence suggests that elderly patients 
are denied potentially beneficial treatment and participation 

in clinical trials solely because of chronological age and 
because of the physician’s perception (20-22). In a recent 
analysis of the SEER database, in 47,912 octogenarians 
managed for LC, only 5% underwent surgery for localized 
LC and 47% received neither surgery nor radiotherapy (20).  
Frequent reasons for withholding therapy from elderly 
patients were the fear of toxicity and of increased morbidity 
and mortality, which could be a genuine, but not always 
justified, concern (20), thus, raising the question of how to 
select patients over 80 years old for surgical resection of 
localized LC.

Patients’ characteristics 

In our population, as in previous publications, the 
proportion of women among the over 80s was around 30% 
(7,8,10,12). A comorbidity of pulmonary disease was present 
in 32.4%, which is similar to the 37.2% reported by Port  
et al. (11), but lower than the 47.1% of Matsuoka et al. (12).  
We also found more patients with liver, metabolic and 
haematological comorbidities than in other studies. These 
comorbidities came to light because of the large number of 
patients in our study. These findings will lead to clearer criteria 
for the selection of patients fit enough for surgical resection.

IHM

IHM for patients over 80 years old was 7.77%, which 
is higher than the 1.15% to 6.3% reported over the last 
decade (7-12). This high IHM in our study could be 
explained first by the high proportion of over 80-year-old 
undergoing surgery in middle-volume centres, which was 
a predictor of IHM in multivariate analysis, and second, 
because around 11% of patients underwent pneumonectomy 
or bilobectomy, which is dramatically higher than 
in other studies dealing with octogenarians (7-12).  
Moreover, as described by von Meyenfeldt et al. in a meta-
analysis of 11 studies, our study highlighted that IHM was 
strongly linked to the annual hospital volume of pulmonary 
resections (23), and the fact that around 23% of patients 
over 80 years old with LC in France underwent surgery in 
middle-volume hospitals could explain this high IHM for 
the whole database. 

Type of pulmonary resection and surgical management

Our study showed high IHM for bilobectomy and 
pneumonectomy, at 10.8% and 16.8%, respectively; 

Table 2 Association between in-hospital mortality and prognostic 
factors of the over 80s and younger patients operated on for lung 
cancer in France between 2005 and 2015: multivariate logistic  
regression model

Variables OR 95% CI P

Demographics

Age ≥80 years 2.60 2.30–2.94 0.0001

Gender

Male 1 – –

Female 0.60 0.46–0.81 0.001

Modified CCI score 

0 1 – –

1 1.35 1.09–1.65 0.004

2 1.26 1.02–1.55 0.031

≥3 1.43 1.23–1.67 0.0001

Comorbidity

Pulmonary disease 5 4.25–5.9 0.0001

Neurological disease 2.22 1.98–2.5 0.0001

Liver disease 5.85 4.79–7.16 0.0001

Kidney disease 2.24 1.92–2.61 0.0001

Haematological disease 3.48 2.4–5 0.0001

Other treatment 1.2 0.98–1.5 0.08

Type of pulmonary resection

Sublobar resection 1 – –

Lobectomy 1.15 0.96–1.4 0.0116

Bilobectomy 2.18 1.7–2.8 0.0001

Pneumonectomy 3.83 3.2–4.6 0.0001

Characteristics of centre

Hospital volume  
(procedures per year)

0.75 0.69–0.81 0.0001

Time period 0.88 0.81–0.95 0.001

CCI, Charlson Comorbidity Index; OR, odds ratio. 
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Figure 2 Relationship between hospital volume and predicted IHM after LC surgery by age over 80 years old. LC, lung cancer; IHM, in-
hospital mortality. 
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Table 3 Validation of logistic regression model using the bootstrap method (n=100)

Variables Training set Test set Optimism Corrected index 

Dxy correlation 0.5588 0.5556 0.0033 0.5537

R2 0.1454 0.1431 0.0023 0.1420

Intercept 0.0000 −0.0253 0.0253 −0.0253

Slope 1.0000 0.9907 0.0093 0.9907

which is dramatically higher than the 5.9% for sublobar 
resection and 7.3% for lobectomy. However, this IHM 
for pneumonectomy was lower than the 23.3% reported 
by Dell’Amore et al. in a series of 319 patients, including 
83 octogenarians (24). In fact, the more extensive 
the pulmonary resection, from sublobar resection to 
pneumonectomy, the greater the increase in IHM for the 
over 80s. In multivariate analysis, the odds ratio for IHM 
was 2.18 for bilobectomy and 3.83 for pneumonectomy 
as compared to sublobar resection; however, lobectomy 
was not linked to an increase in IHM. Similar results have 
already been reported, not only in octogenarians but also 
in the general population (24,25). These findings strongly 
encourage thoracic surgeons not to perform resections 
larger than lobectomy in patients over 80 years old, and to 
avoid bilobectomy or pneumonectomy. The VATS approach 
was significantly linked to IHM in univariate but not in 
multivariate analysis, as were the extent of the resection and 
sleeve resections. The number of VATS was very low in our 
study, because VATS really emerged in 2014 in France, and 
we can expect that the IHM for the over 80s will decrease in 

the next few years because of the increased use of minimally 
invasive approaches for LC.

Regression tree

Our regression tree was built using the weight of each 
preoperative and preoperative variable to predict IHM. 
Comorbidities of pulmonary and liver disease seemed to 
be major preoperative variables to predict IHM after LC 
surgery, and were stronger than age. Indeed, age over 80 
years old increased IHM by a factor of 2.6, but the weight 
of this variable was far less than that of comorbidities such 
as lung or liver disease, with respective odds ratios of 5 
and 5.85. Preoperative interstitial lung disease has been 
reported to increase postoperative mortality (26). Moreover, 
publications dealing with IHM after major surgeries, such 
as cardiac or colorectal surgery, highlighted the dramatic 
impact of liver dysfunction on IHM (27,28). Indeed, liver 
dysfunction leads to an increased transfusion requirement, 
decreased platelet count, increased prothrombin time and 
finally to decompensated liver disease (27).
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In our opinion, old age is not a major concern for the 
surgical management of LC. As in other patients, the 
preoperative assessment remains the most important factor 
in decisions for LC surgery. In our study, a history of heart 
disease was not a predictor of IHM in multivariate analysis, 
probably because patients unfit for surgery because of 
heart disease were denied surgical management. Moreover, 
heart disease has often been associated with postoperative 
complications after LC surgery (29). Therefore, a 
systematic evaluation of cardiac and pulmonary function, 
as recommended by the guidelines of different thoracic 
societies, is essential to determine which patients are fit 
enough for surgical resection (29,30). When performed by 
board certified surgeons in centres with hospital volumes 
over 39 procedures a year, surgical management of the over 
80s, by lobar or sublobar resections, seems to be linked to 
an acceptable IHM ranging from 1% to 6% (7-12). This 
is why decision-making for the management of NSCLC 
in the over 80s needs the expertise of certified physicians, 

oncologists and thoracic surgeons so as not to deny surgery 
for patients only because of their age. Therefore, patients 
over 80 years old without significant liver, pulmonary and 
cardiovascular comorbidities should be referred for surgery 
if lobar or sublobar resection can be performed.

Limitations

Our study has various limitations. Given the reliance 
on ICD-10 codes to select patients and ascertain 
outcomes, there was a potential for misclassification- or 
underdetection-related bias especially for comorbidities. 
Coding practices vary significantly among institutions. 
Nevertheless, coding quality is checked by medical 
information professionals in each hospital to correct 
diagnoses and improve the recording of comorbidity. 
No details were available concerning disease stage, 
postoperative complications, and data for 90-day mortality. 

However, the demographic characteristics, risk factors, 

Figure 3 Regression tree to estimate the mortality risk for LC surgery. The number in the red square is the predicted in-hospital mortality. 
LC, lung cancer.
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and outcomes of the present study population were very 
similar to those in previous French studies from the Epithor 
database (6).

Unlike the Epithor database, the French Administrative 
database does not record LC information, such as the stage 
of the disease, preoperative forced expiratory volume, or the 
American Society of Anesthesiologists score.

Despite these limitations, the strength of our results 
is related to the large size of our sample (97,440 patients 
including 4,438 over 80 years old),  with national 
recruitment. 

Conclusions

The variable of age had a lower weight in the predicted 
IHM than did comorbidities of pulmonary and liver 
disease, or the type of pulmonary resection. A systematic 
preoperative assessment to evaluate pulmonary, cardiac, 
liver and renal function precisely is mandatory in the over 
80s. Lobectomy or less invasive resections are not linked 
to an increased risk of postoperative death as compared to 
bilobectomy or pneumonectomy, which are not acceptable 
for the management of the over 80s. Therefore, patients 
over 80 years old without liver, renal, pulmonary and/or 
cardiovascular comorbidities should be referred to surgery 
if lobectomy or sublobar resection can be performed. 
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