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Pneumonectomy for lung cancer in the elderly: lessons learned
from a multicenter study
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Background: 60% of patients diagnosed with lung cancer are older than 65 years and are at risk for
substandard treatment due to a reluctance to recommend surgery. Pneumonectomy remains a high risk
procedure especially in elderly patients. Nevertheless, the impact of age and neoadjuvant treatment on
outcomes after pneumonectomy is still not well described.

Methods: We performed a multicentric retrospective study, analyzing outcomes of patients older than
70 years who underwent pneumonectomy for central primary lung malignancy between January 2009 and
June 2019 in 7 thoracic surgery departments: Lucerne and Bern (Switzerland), Hamilton (Canada), Alicante
(Spain), Monza (Italy), London (UK), Leuven (Belgium). Survival was estimated with Kaplan-Meier, and
differences in survival were determined by log-rank analysis. We investigated pre- and post-operative
prognostic factors using Cox proportional hazards regression model; multivariable analysis was performed
only with variables, which were statistically significant at the invariable analysis.

Results: A total of 136 patients were included in the study. Mean age was 73.8 years (SD 3.6). 24 patients
(17.6%) had an induction treatment (chemotherapy alone in 15 patients and chemo-radiation in 9). Mean
length of stay (LOS) was 12.6 days (SD 10.39) and 74 patients (54.4%) had experienced a post-operative
complication: 29 (21.3%) had a pulmonary complication, 33 (24.3%) had a cardiac complication and in 12
cases (8.8%) patients experienced both cardiac and pulmonary complications. 16 patients were readmitted
[median LOS 13.7 days (range, 2-39 days)] and of those 14 (10.3%) required redo surgery. Median overall
survival (OS) of the entire cohort was 38 months (95% CI: 29.9-46.1 months); in-hospital mortality was
1.5%, 30-day mortality rate was 3.7%, while 90-day mortality was 8.8% accounting for 5 and 12 patients
respectively. Patients receiving neo-adjuvant therapy did not experience a higher incidence of postoperative

complications (P=0.633), did not have a longer postoperative course (P=0.588), nor did they have an
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increased mortality rate (P=0.863).

Minervini et al. Pneumonectomy in elderly patients

Conclusions: Age should not be considered an absolute contraindication for pneumonectomy in elderly

patients even after neoadjuvant treatment. It has become apparent that especially in these patients, a patient-

tailored approach with a careful selection should be used to define the risk-benefit balance.
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Introduction

Current clinical guidelines for the treatment of non-small
cell lung cancer (NSCLC) recommend anatomic pulmonary
resection with lobectomy as the gold standard (1). During
the last decades, despite an increased proficiency in sleeve
resections, pneumonectomy remains, at times, the only
approach to achieve an RO resection in extended primary
lung cancers. When pneumonectomy is the only surgical
option, different factors such as disease stage, lung function,
co-morbidities and age have to be taken into considerations
in order to propose the best treatment, especially in elderly
patients.

About 60% of patients diagnosed with pulmonary cancer
are older than 65 years and most cancer-related deaths
occur within this age population (2).

Commonly, the most used cutoff to define elderly
patients is an age of 70 and above (3). There is evidence that
older patients are at risk for substandard treatment when
compared to the younger counterparts due to a reluctance
to choose surgical approach because of the concerns
regarding pre-existing comorbidities, outcomes and limited
life expectancy (4).

However, as the median life expectancy of populations
among industrialized countries has significantly increased
in recent years providing optimal treatment for elderly
patients has become a key challenge. Even though
video assisted thoracoscopic surgery (VATS) techniques
along with Enhanced Recovery After Surgery (ERAS)
programs allowed to reduce the risk of complications’
pneumonectomy presumably remains a high risk
procedure especially in elderly patients (5). Nevertheless,
the impact of age on pneumonectomy’s outcomes has not
been well analyzed.

We present the following article in accordance with the
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/jtd-21-869).

© Journal of Thoracic Disease. All rights reserved.

Methods
Data source

In this international retrospective cohort study design,
data from January 2009 to December 2019 was collected
from seven thoracic surgery centers at Lucerne Cantonal
Hospital (Lucerne, Switzerland), St. Joseph’s Healthcare
Hamilton, McMaster University (Hamilton, Canada),
University College London (London, UK), University
Hospital Alicante (Alicante, Spain), University Hospital
Bern (Bern, Switzerland), University Hospital Leuven
(Leuven, Belgium) and San Gerardo Hospital (Monza,
Italy). Each center accessed their local, prospectively-
collected institutional databases to obtain the data, along
with an additional retrospective chart review of patient
medical records in order to complete missing data. The
study was conducted in accordance with the Declaration
of Helsinki (as revised in 2013). The study was approved
by the Ethics Board Central Switzerland, project #2019-
02258 and University Hospitals Leuven, Belgium project
S63068. Individual consent for this retrospective analysis
was waived. All patients older than 70 years who underwent
an elective pneumonectomy via either thoracotomy or
minimally invasive approaches [video-assisted thoracoscopic
surgery (VATS) or robotic resections] were identified in
the databases and screened for inclusion criteria. Patients
were included if they were older than 70 years and their
resections were for primary or metastatic lung malignancies.
Patients were excluded if they underwent a pneumonectomy
in an emergency setting or for a benign disease.

Outcomes

The primary outcomes were in-hospital morbidity and in-
hospital mortality. Secondary outcomes included: hospital
readmission, need for re-intervention, 30-day mortality,
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Table 1 Patient characteristics

Characteristic Outcome
Gender (male), n (%) 97 (71.3)
Mean age (+ SD) 73.9 (+3.6)
Mean FEV1 (L, + SD) 2.2 (x0.6)
Mean FEV1% (+ SD) 79.2 (£18.9)
Mean DLCO% (+ SD) 70.8 (+18.6)
Cardiac morbidity (yes), n (%) 69 (50.7)
Cardiac comorbidity details, n (%)
Arrhythmia 9 (6.5)
CAD 12 (8.8)
Hypertension 41 (30.2)
Previous cardiac surgery 1(0.7)
Surgical approach, n (%)
Thoracotomy 125 (91.9)
Sternotomy 2(1.5)
VATS 9 (6.6)
Side (right), n (%) 48 (35.9)
Neoadjuvant (yes), n (%) 24 (17.6)

FEV1, forced expiratory volume in the 1st second; DLCO,
diffusing capacity for carbon monoxide; CAD, coronary artery
disease; VATS, video assisted thoracoscopic surgery.

90-day mortality, and 1-, 3-, 5-year survival rates,
respectively. Data was collected on patients age, sex, forced
expiratory volume in 1 second (FEV1), diffusion lung
capacity for carbon monoxide) (DLCO) measurements
from pre-operative pulmonary function testing, total length
of stay (LOS) and postoperative complications.

Statistical analysis

Continuous variables are reported as mean and standard
deviation in normally distributed data; discrete variables
are reported as numbers and percentage. A P value of <0.05
was considered to be of statistical significance. Survival
was estimated with Kaplan-Meier, and differences in
survival were determined by log-rank analysis. Pre- and
post-operative prognostic factors were investigated using
Cox proportional hazards regression model; multivariable
analysis was performed only with variables, which were
statistically significant at the univariable analysis. The
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hazard ratio (HR) and 95% confidence intervals (CI) were
reported for covariates.

All data were de-identified with a sequentially-generated
study identification code, encrypted, and transferred to the
central Lucerne site for analysis. STATA v14 (StataCorp,
Texas, USA, www.stata.com) and SPSS 25.0 (www.ibm.com)
were used for statistical analysis.

Results

A total of 136 patients were included in the study. Patients’
characteristics are summarized in 7able 1. Mean age was
73.8 (SD 3.6), median age was 73. Preoperatively pulmonary
and cardiovascular assessment (including transthoracic
echocardiography) were performed in all patients.

A total of 112 patients (82.4%) did not undergo neo-
adjuvant therapy, while the remaining 24 patients had an
induction treatment (chemotherapy alone in 15 patients and
chemo-radiotherapy in 9). Overall, pulmonary resection was
performed via a thoracotomy in 127 patients (93.4%) and
through a minimally invasive (VATS) approach in 9 patients
(6.6%). 48 patients (35.3%) underwent right sided resection
whereas 88 (64.7%) underwent left sided one.

Mean LOS was 12.6 days (SD £10.39) with a median of
9 days (range, 3—65 days) and 74 patients (54.4%) experienced
post-operative complications: 29 (21.3%) had a pulmonary
complication (4 grade I, 20 grade II and 5 grade III according
to the Common Terminology Criteria for Adverse Events),
33 (24.3%) had cardiac complications (10 grade I, 20 grade
II, 2 grade IIT and 1 grade IV) and in 12 cases (8.8%) patients
experienced both cardiac and pulmonary complications
(65% grade II complications). 16 patients were readmitted
[median LOS 13.7 days (range, 2-39 days)] and of those 14
(10.3%) required redo surgery (2 due to hemothorax and 12
because of bronchopleural fistula with post-pneumonectomy
empyema). Two patients died in hospital, resulting in an in-
hospital mortality rate of 1.5%. 30-day mortality rate was
3.7%, while 90-day mortality was 8.8% accounting for 5 and
12 patients respectively.

In the examined period, considering all the centers, 418
pneumonectomies were performed with an in-hospital
mortality rate of 1.2% and 30-day mortality rate of 2.9%.

Postoperative outcomes, including complications, were
in our analysis not related to neo-adjuvant therapy; more
in details, patients receiving neo-adjuvant therapy did not
experience a higher incidence of postoperative complications
(P=0.633), did not have a longer postoperative hospital stay
(P=0.588), nor did they have a higher in-hospital mortality
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Table 2 Patient’s outcomes

Variable Outcome
Mean length of stay, day (+ SD) 12.6 (10.4)
In-hospital complications, n (%)

Yes 74 (54.4)
Pulmonary 29 (21.3)
Cardiac 33 (24.3)
More than one 12 (8.8)

Pulmonary complications, n (%)

Acute respiratory failure 4(2.4)

ARDS 1(0.7)

Broncho-pleural fistula 2(1.4)

Pneumonia 20 (14.7)

Empyema 8(5.9)

Pulmonary embolism 3(2.1)

Other 1(0.7)

Cardiac complications, n (%)

Atrial fibrillation 30 (22.2)

Myocardial infarction 3.2

Cardiac failure 4(2.9)

Other 8(5.8)

Redo surgery (yes), n (%) 14 (10.3)
Readmission (yes) 16 (11.8)
Mean length of stay during readmission, 13.7 (£10.2

days (+ SD)

Pathological stage (TNM 7th edition), n (%)

Adjuvant treatment, n (%)
Yes
Chemotherapy
Radiotherapy
Chemoradiotherapy
Other

ARDS, acute respiratory distress syndrome.

© Journal of Thoracic Disease. All rights reserved.
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Figure 1 Influence of operated side on OS. OS, overall survival.

rate (P=0.863) (Table 2).

Fourteen patients (58.3%) who received induction
therapy had a downstaging afterward.

With a median follow up of 83 months, median overall
survival (OS) of the entire cohort was 38 months (95% CI:
29.9-46.1 months); stage specific survival was 52 months
(95% CI: 14.1-89.9 months) for stage I, 35 months (95%
CI: 27.0-43.0 months) for stage II, 38 months (95% CI:
23.3-52.7 months) for stage III and 8 months (95% CI: non
calculable) for stage IV. Survival rates at 1-, 3- and 5-years
were 77%, 52% and 31% respectively.

As expected, we observed a better prognosis after left
pneumonectomy (Figure I).

Univariable analysis of prognostic factors influencing
OS revealed that preoperative cardiac morbidity (P=0.048),
postoperative complications (P=0.012) and more specifically
pulmonary complications (P=0.015, Figure 2) were
significant prognostic factors for reduced OS (T1able 3).
Interestingly an increased LOS (also in case of readmission)
was significantly correlated with a worse OS. Nevertheless,
none of the above-mentioned prognostic factors
significantly influenced OS in a multivariable analysis.

Discussion

Considering that the global population is constantly getting
older and older, the surgical demand in the elderly is gaining
importance. Even if in 2003 lung cancer was reported as
second leading cause of cancer death in octogenarians,
often geriatric patients are not & priori considered suitable
for surgery because of concerns regarding age-related
comorbidities and outcomes (6).
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In the literature, the operative mortality related to any
lung resection in the elderly ranges from 0% to 8% (7).
Many, but not all studies reported a correlation between
pneumonectomy and peri-operative mortality rate. Bernet
et al. reported a mortality of 3.8% in the pneumonectomy
group, although it is noted that the number of analyzed
patients was small (n=25) (8).

Yamamoto et 4l. found no significant difference in overall
recurrence rate or long-term survival in elderly patients
compared to younger ones. The authors attributed these
results to a careful pre-operative patient selection (9).

Sirbu et al. performed a retrospective analysis of lung
resection for NSCLC in geriatric patients. Among lung
resections, 42 pneumonectomies (15 on the right side
and 27 on the left side) were included reporting a 7.1%
mortality and 24.5% 5-year survival. However, they tried to
avoid pneumonectomy in their cohort of patients whenever
possible in order to maintain in-hospital mortality at an
acceptable level (10).

Kiser and Detterbeck analyzed data from several studies
for elderly patients who underwent surgery for lung cancer
and found a mortality rate after pneumonectomy ranging
from 16% to 25% (11). Myrdal et al. reported a major
complication rate of 18.5% after pneumonectomy in
patients older than 70 years undergoing a pneumonectomy
with a 30day-mortality of 5.7%. Schneider et /. found a
decreased postdischarge survival rate over the 90 days with
the highest proportional mortality in the 60- to 90-day
window (32.3% mortality observed in the 71-75 age group,
22.6% in the 76-80 age group (12).

While the reported data showed controversial results,
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Table 3 Prognostic factors influencing OS

Prognostic factors Univariable
P HR (95% Cl)

Male gender 0.469 1.206 (0.727-1.999)
Left side 0.045*  0.626 (0.396-0.990)
Age 0.786 1.009 (0.945-1.078)
FEV1% 0.841 1.001 (0.988-1.015)
DLCO% 0.082 0.987 (0.973-1.002)
Cardiac morbidity 0.048*  1.596 (1.004-2.539)
Open vs. VATS 0.612 0.805 (0.347-1.863)
Neoadjuvant 0.402 1.283 (0.716-2.298)
Lenght of stay 0.007*  1.023 (1.006-1.040)
Inhospital comorbidities 0.012* 1.824 (1.144-2.908)
Inhospital pulmonary 0.015* 1.773 (1.116-2.815)

comorbidities

Inhospital cardiac morbidity 0.198 1.367 (0.849-2.199)

Redo surgery 0.662 1.160 (0.596-2.256)
Pathological stage 0.255 1.171 (0.892-1.537)
Readmission 0.717 1.149 (0.542-2.437)

Length of stay of readmission 0.018*  1.119(1.019-1.228)

Adjuvant 0.859  0.942 (0.487-1.822)

*, P<0.05. OS, overall survival; FEV1, forced expiratory volume in
the 1st second; DLCO, diffusing capacity for carbon monoxide;
VATS, video assisted thoracoscopic surgery.

it should be noted that the included studies were mostly
retrospective analyses with small numbers of patients
and sometimes very outdated. Surgery per se carries
a risk of complications but what should be taken into
account is also the influence of peri- and post-operative
management on morbidity and mortality rates. Originally
described for colorectal surgery, ERAS programs have
been shown to substantially improve outcomes in the
field of thoracic surgery as well (13-16). In our analysis,
ERAS principles were part of the standard post-operative
management across all sites. For this reason, in our
opinion, an evaluation of a surgical treatment benefit
should be based on and include an optimal and updated
state-of-the-art post surgery enhanced recovery program.
However, it must be noticed that the influence of ERAS
on pneumonectomy patients has not been extensive
evaluated.
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Our analysis is quite recent and 136 patients were
included, with 1.5% in-hospital mortality, 3.7% 30-
day mortality and 8.8% 90-day mortality, which is lower
when compared to the reported literature. The increase of
mortality after discharge in our patients is consistent with
other reports even if the causes of the problem have been so
far overlooked and still remain unclear (12,17,18).

The identification of prognostic factors for in hospital
mortality and post-discharge mortality should be in
depth evaluated in order to guide peri and postoperative
management.

We observed high survival rates in our study contrary to
what has been so far reported in the literature (Figure 3).
Our results are probably influenced by the high proportion
(54.4%) of stage I/1I patients (where a pneumonectomy
was necessary due to the location of the tumor) along with

© Journal of Thoracic Disease. All rights reserved.
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a careful selection of the patients who underwent surgery.
Even if previous studies showed that prognosis is influenced
by N status and pathological stage, in our analysis, maybe
due to the heterogeneous distribution with a minority of
advanced stages or N2 status, we did not find a correlation
between pNO-1 and pN2 or stage I-II versus III-IV (19).
Sakakura er al. showed that completeness of resection
(P=0.003) and subcategorization of involved neighboring
organs (P=0.008) were more crucial predictors than the
presence or absence of mediastinal lymph node metastasis
(P=0.033) (20).

Pre-operative cardiac morbidity along with post-
operative complication rates (particularly pulmonary
complications) have significantly reduced OS in our analysis.
No correlation was observed between cardiac complications
and OS (P=0.192) (Figure 4).

Despite several studies identified induction therapy as
negative prognostic factors on morbidity and mortality, in
our analysis, patients receiving neoadjuvant treatment had
similar outcomes to those who underwent pneumonectomy
without induction (21-23). Similar encouraging results were
published by Weder ez al. who stated that pneumonectomy
after neoadjuvant chemotherapy or chemoradiotherapy can
be completed safely with a mortality rate of 3%, a 90-day
major morbidity of 13% and an overall 5-year survival of
38% (24).

Careful patient selection, multidisciplinary involvement
and team expertise are, in our view, essential in order to
reduce peri- and post-operative morbidity and mortality.

We are aware of the limitations of our study, which are
mainly related to the retrospective and multicenter nature
design. This also includes a certain selection bias. Several
outcomes (such as quality of life, return to daily activity)
could have been relevant for our analysis but they were
not available for all centers due to the nature of the study.
Even the indication for neoadjuvant treatment might
differ between all the centers due to the heterogeneity of
therapeutical protocols. Furthermore, this study is based
on databases and data reviews originally collected for
clinical and/or quality improvement purposes, and our
analysis was limited by the data available. The diversity
in practice between centers and countries could have
influence outcomes but, at the same time, could provide
representative and generalizable data in the thoracic surgery
literature on this specific subject.

In conclusion, in patients older than 70 years old,
age alone should not be considered as an absolute
contraindication for pneumonectomy. It is essential to
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discuss the possible benefits as well as the risks of a surgical
approach in a multidisciplinary team approach, along with
oncological indications, taking into consideration the co-
morbidities that often affect this age group of patients.

Only a thorough planning will result in an improvement
of outcomes discarding the dogma of “no surgery for the
elderly”.
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