
Abstract. – BACKGROUND AND OBJECTIVES:
Pneumonectomy for non small cell lung cancer
(NSCLC) after induction radio-chemotherapy
(IT) has been associated with high peri-opera-
tive risk and its safety and efficacy is still de-
bated. The aim of this retrospective study was
to compare short and long-term results of
pneumonectomy in patients treated with and
without IT (radiotherapy plus chemotherapy) for
NSCLC. 

MATERIALS AND METHODS: From 1995 to
2008, 85 consecutive patients underwent pneu-
monectomy: 49 received pre-operative radiother-
apy and chemotherapy (IT group), and 36 pa-
tients did not (non-IT group). Peri-operative and
long-term outcomes were compared.

RESULTS: Major complications rate was 14.3%
for IT group and 16.7% for non-IT group (p = n.s.).
Mortality rate was 2% in IT group and 5.5% in non-
IT group (p = n.s.). Post-operative hospital stay
was significantly longer in the IT group (p <
0.0001) as the need for blood transfusion (p =
0.002). Indeed, the mortality rate was similar in the
left- and right-sided operations. 5 years survival
was 45.3% for IT group and 38.4% for non-IT
group (p = n.s.) and 5 year disease free survival
rates were 42.3% vs. 37.8% for the two groups, re-
spectively (p = n.s.). Among the clinical, surgical
and pathological features no differences on long
term outcomes were found with regards to IT. 

DISCUSSION: Pneumonectomy is a feasible
and safe procedure even after pre-operative IT.
Our results showed a prolonged hospitalization
and the need for blood transfusion in the IT
group.

Key Words:
Non small cell lung cancer, Pneumonectomy, Ra-

dio-chemotherapy, Long term survival, Morbidity,
Mortality.
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Introduction

On average, 75% of newly diagnosed non
small cell lung cancer (NSCLC) cases present
with a locally advanced (IIIa/IIIb) or metastatic
disease: this is directly associated with a poor
prognosis. The chance of cure offered by single
therapeutic options (chemotherapy, radiotherapy,
surgery) are very limited. This represented the
rationale for the many tries of improvement real-
ized in recent years, which had the aim to offer to
the patients the most beneficial therapy possible
in an attempt to downstage their mediastinal
nodes status before surgery. Recent data show
that survival in locally advanced NSCLC is im-
proved by the addition radiotherapy plus
chemotherapy induction therapy (IT) to
surgery1,2. However, the risks of intra- and post-
operative complications after the implementation
of this therapeutic approach are still being debat-
ed, especially in patients undergoing pneumonec-
tomy3-5 where earlier series have reported in-
creased morbidity and mortality6,7. Martin et al6

reported an operative mortality of 23.9% after
right-sided pneumonectomies. More recent series
have questioned these high morbidity and mor-
tality figures, reporting a post-operative mortality
rate ranging from 0% to 4%8-10. Initially criti-
cized because of the presumed higher prevalence
of post-operative morbidity and mortality, IT
protocols based on the concurrent administration
of chemotherapy and radiotherapy are now more
frequently applied.

In our Institution, a combination of pre-opera-
tive chemotherapy and radiotherapy has been
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erative forced expiratory volume in one second
(FEV1) was 30% or less. 

Induction Therapy
Radiotherapy was administered with an angled

field technique modulated on the volume and lo-
cation of the disease so as to include in the iso-
dose of 100% (±5%) area all the target volume,
with a maximum dose to the spine of 36 Gy. The
target volume was the primary tumor and the
metastatic lymph node area plus the surrounding
1.5 cm margin. The median total referred dose
was 50.4 Gy with classical or hyper fractiona-
tion. In every case, the treatment was supported
by CT results. The treatment was CT planned
with lung parenchyma correctional factors, and a
linear photon accelerator was used in all cases.

There was no uniform chemotherapy protocol
during the study period. Different chemotherapy
regimens were used: carboplatin, during days 1-4
of the first and last week of treatment (1991-
2002); cisplatin plus 5-Floruracil, during days 1-
4 of the first and last week of treatment (1998-
2002); cisplatin on days 1 and 8, gemcitabine on
days 1 and 8, and paclitaxel on days 1 and 8,
every 21 days cycle (since 2002).

A complete clinical and radiological re-evalua-
tion was performed 4 weeks after the end of
treatment. Restaging occurred with CT scan, re-
do mediastinoscopy was performed in selected
cases. Complete response was defined as the dis-
appearance of all neoplastic tissue. Partial remis-
sion was defined as a reduction of more than
50% of the sum of products of the two greatest
perpendicular diameters of the neoplastic lesion.
Stable disease was defined as a less than 25% re-
sponse. Patients with progressive neoplastic dis-
ease were excluded from the treatment.

Surgery
Surgery was performed, on average, six weeks

after the beginning of the IT (two weeks after the
clinical restaging) in the IT group. Pneumonecto-
my was decided only if less extensive resections
were not adequate in planning a radical approach
to the removal of the diseases and consisted of
intrapleural pneumonectomy plus hilar and medi-
astinal systematic lymph node dissection. The re-
section was considered complete if proximal re-
section margins were free of tumor on frozen
section examination and if the highest mediasti-
nal resected node was free of tumor. Patients who
underwent “enlarged” pneumonectomy (ex-
trapleural pneumonectomies, concurrent chest

used for two decades to treat patients with locally
advanced (IIIa-IIIb) NSCLC11. After the promis-
ing results of this first attempt, we continued to
implement and refine our approach until now.

The aim of this study was to estimate a mea-
sure of the risk of the post-operative mortality
and specific morbidity following pneumonecto-
my in patients treated with bi-modal IT and in
those treated by surgery alone, and to compare
their long-term outcomes.

Materials and Methods

We retrospectively reviewed the clinical
records of all patients who underwent pneu-
monectomy for NSCLC in a 13 year period. In-
stitutional Review Board approval has been pre-
liminarily obtained for the research purpose use
of the data stemming out from standard clinical
practice, since no additional interventions were
planned (observational study). Generic eligibility
criteria for oncologic treatment, including age
under 70 years, adequate blood chemistry, hepat-
ic and renal function, no pulmonary or cardiovas-
cular contraindications and life expectancy
longer than 6 months were applied.

Oncological criteria for IT were NSCLC in
clinical stage IIb, IIIa, IIIb (not N3+) and IV (on-
ly patients with single brain metastases radically
excised and N2+ disease).

Based on the information available from the
clinical records, demographic and clinical fea-
tures were collected and taken into consideration
in the statistical analysis. Follow-up informations
were obtained from our data-base, or by direct
telephonic interview with the patient or with a
next of kin in the case of the patient’s death. 

Pre-treatment evaluation included patient his-
tory, physical examination, standard chest X-ray,
complete blood chemistry, computed tomography
(CT) of the chest, brain and upper abdomen,
whole-body radionuclide scan, fiberoptic bron-
choscopy. 

In addition to the staging procedure, lung
function tests were performed to assess the gen-
eral status of each patient. The diagnosis of
NSCLC was obtained by pathological and/or cy-
tological examination of the material obtained
via endo-bronchial biopsy or CT guided fine nee-
dle aspiration. The mediastinal involvement was
always pathologically confirmed. Pneumonecto-
my was controindicated if the predicted postop-
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wall resections, superior vena cava resections,
sleeve pneumonectomies) were excluded. A
pedicled flap of intercostal muscle was applied
on the bronchial stump on the right side in case
of suspicion of weakness of the bronchial stump
itself and in the IT group.

With respect to the surgical and pathological
features, we collected details on the extent of re-
section, the pathological staging, the complete-
ness of resection, the hospital stay, the post-oper-
ative morbidity and mortality rates. 

Statistical Analysis
Heterogeneity between the IT group and the

Non-IT group with respect to all demographics
and clinical features was tested by means of
univariate statistics. A linear regression analy-
sis on the length of hospitalization was per-
formed and factors predicting a prolonged stay
were identified. The frequency of major com-
plications was analyzed by means of the Pear-
son’s Chi-Square and the Fisher’s Exact tests.

The long-term survival and disease free sur-
vival were investigated with the Kaplan-Meier
survival function methodology and the survival
curves compared with the Log-Rank test. The
Cox multiple regression analysis was subse-
quently applied and the risk factors for both the
mortality and the relapse of the tumor were
identified. A p-value of 0.05 was set as the crit-
ical limit for significance. All analyses were
performed in STATA Release 10.

Results

From january 1995 to december 2008, 85 con-
secutive patients underwent pneumonectomy: 49
received IT and 36 did not. Demographics, pre
and peri-operative sample characteristics for the
two pre-surgery treatment groups are shown in
Table I. Clinical, pathological and histotype fea-
tures are summarized in Table II. 
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Pneumonectomy after induction therapy

IT group Non-IT group
(n = 49) (n = 36) p-value

Age
Mean ± SD 62.4 ± 10.1 58.4 ± .10.6 0.08T

Gender
Male 41 (83.7%) 32 (88.9 %) 0.54F
Female 8 (16.3%) 4 (11.1 %)

Co-morbidity 27 (55.1%) 13 (36.1%) 0.08P
Heart disease 16 (32.7%) 5 (13.9%) 0.07F
Hypertension 20 (40.8%) 6 (16.7%) 0.02F
Diabetes mellitus 8 (16.3%) 2 (5.6%) 0.18F
COPD 20 (40.8%) 9 (25.0%) 0.13P
Symptoms 27 (55.1%) 10 (27.8%) 0.012P
FEV1 (liters) 2.50 ± 0.76 2.35 ± 0.40 0.28T
Side 
Right 22 (44.9%) 9 (25.0%) 0.06P
Left 27 (55.1%) 27 (75.0%)

Pericardium 1 (2.0%) 3 (8.3%) 0.31F
Hospital stay (days) 16.35 ± 7.98 9.5 ± 4.33 < 0.0001T
Blood transfusion (n non-IT = 34) 19 (38.8%) 3 (8.3%) 0.002F
Mortality 1 (2.0%) 2 (5.6%) 0.57F
Major Complications 7 (14.3%) 6 (16.7%) 0.76P
Fistula/empyema 1 (2.0%) 2 (5.6%) 0.57F
Pneumonia 1 (2.0%) 0 (0%) 1.00F
Myocardial infarction 1 (2.0%) 0 (0%) 1.00F
Pulmonary embolism (n non-IT = 35) 1 (2.0%) 2 (5.7%) 0.57F
Bleeding 3 (6.1%) 1 (2.8%) 0.63F
Minor complication 13 (26.5%) 6 (16.7%) 0.28P
Arrhythmia 6 (12.2%) 3 (8.3%) 0.73F
Wound infection 1 (2.0%) 0 (0%) 1.00F

Table I. Demographics, pre-operative and peri-operative features in patients undergone pneumonectomy with and without in-
duction therapy.

Note: T = T-test; F = Fisher’s exact test; P = Pearson’s χ2 test.



IT group (n = 49) Non-IT group (n = 36) p-value

cT
T1 0 (0%) 1 (2.8%) < 0.0001P, F
T2 7 (14.3%) 27 (75.0%)
T3 14 (28.6%) 7 (19.4%)
T4 28 (57.1%) 1 (2.8%)
cN
N0 8 (16.3%) 15 (41.7%) < 0.0001P, F
N1 1 (2.1%) 11 (30.5%)
N2 40 (81.6%) 10 (27.8%)
N3 0 (0%) 0 (0%)
cM
M1 2 (4.1%) 0 (0%) 0.051F
Clinical stage
Ib 0 (0%) 11 (30.6%) < 0.0001P, F
IIa 0 (0%) 2 (5.5%)
IIb 1 (2.0%) 11 (30.6%)
IIIa 19 (38.8%) 11 (30.6%)
IIIb 27 (55.1%) 1 (2.7%)
IV 2 (4.1%) 0 (0%)
Histotype
Adenocarcinoma 23 (46.9%) 16 (44.4%) 0.95F
Squamous 23 (46.9%) 17 (47.3%)
Large cells 3(6.2%) 3 (8.3%)
pT
T0 9 (18.4%) 0 (0%) < 0.0001F
T1 11 (22.4%) 3 (8.3%)
T2 8 (16.3%) 23 (63.9%)
T3 12 (24.5%) 7 (19.5%)
T4 9 (18.4%) 3 (8.3%)
pN
N0 29 (59.2%) 13 (36.1%) 0.11P
N1 10 (20.4%) 11 (30.6%)
N2 10 (20.4%) 12 (33.3%)
pM
M1 5 (10.2%) 0 (0%) 0.07F
Pathological stage
0 9 (18.4%) 0 (0%) < 0.0001F
Ia 7 (14.3%) 1 (2.8%)
Ib 4 (8.2%) 9 (25.0%)
IIa 1 (2.0%) 1 (2.8%)
IIb 8 (16.3%) 9 (25.0%)
IIIa 9 (18.4%) 13 (36.1%)
IIIb 6 (12.2%) 3 (8.3%)
IV 5 (10.2%) 0 (0%)
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A standard pneumonectomy was performed in
78 cases (91.8%) and an intra-pericardial pneu-
monectomy was needed in 7 cases (8.2%). In the
IT group, 27 (55.1%) patients underwent left
pneumonectomy and 22 (44.9%) right pneu-
monectomy, in the non-IT group 9 (25%) pa-
tients underwent right-sided resections and 27
(75%) left-sided resections. The bronchial stump

coverage with intercostal pedicled flap was per-
formed in 16 (32.7%) patients in the IT group on
the right side, while this procedure was never
adopted in the non-IT group. 

Overall thirty-day mortality was 3.5% (3/85),
where 1 case of myocardial infarction occurred
in the IT group and 2 cases of pulmonary em-
bolism occurred in non-IT group. 
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Table II. Clinical and pathological staging, and histotype features in patients undergone pneumonectomy with and without in-
duction therapy.

Note: T = T-test; F = Fisher’s exact test; P = Pearson’s χ2 test.



IT group (n = 49) Non-IT group (n = 36)

No red cells blood transfusion 11.57 (9.43; 14.20) 18.10 (15.59; 21.02)

Red cells blood transfusion 8.68 (7.70; 9.78) 13.57 (12.02; 15.23)

Major complications occurred in 7 subjects
(14.3%) in the IT group and in 6 (16.7%) in the
non-IT group (p = 0.76). Three patients (3.5%)
experienced a late broncho-pleural fistula (1 case
in the IT group on the right side and 2 cases in
the non-IT group, both on the left side). Two cas-
es of lobar pneumonia required 48 hours of me-
chanical ventilation and prolonged antibiotic
therapy (over 7 days) and 3 cases of segmental
pulmonary embolism. The remaining non-respi-
ratory complications were 2 cases of myocardial
infarction. Post-operative bleeding was observed
in 3 patients in the IT group and 1 in the non-IT
group. Nineteen (38.8%) patients in the IT group
and 3 (8.8%) in the non-IT group received intra-
or post-operative red blood cell transfusion (p =
0.002). Among the minor complications we ob-
served supra-ventricular arrhythmias (medically
treated), wound infection, fever and disorienta-
tion without any difference between the two
groups. 

Indeed, the mortality and morbidity rates were
similar in both sides of pneumonectomy. In par-
ticular, in the whole population the deaths were
2/1 for right/left interventions, where 1/0 oc-
curred in the IT group and 1/1 in the non-IT
group. The observed morbidity rates for right/left
pneumonectomy were 5/8 (p = 0.87) in the whole
population, and 3/4 (p = 0.91) and 2/4 (p = 0.61)
for the IT and non-IT groups.

The post-operative hospital stay was notice-
ably longer in the IT group (16.4±8 vs 9.5±4.3).
A linear regression on the log-normal transfor-
mation of the days of hospitalization suggested
that the time of hospitalization was dependent on
whether or not pre-operative IT was administered
(p < 0.0001) and on whether there was a need for
red blood cell transfusion during the hospital stay
(p = 0.046). No evidence for an effect modifica-
tion of these two factors was found (p = 0.46).
The model estimation was performed without the
inclusion of the interaction term and the results
are reported in Table III.

The histological distribution and the patholog-
ical stage of the whole study group are shown in
Table IV. Five patients in the sole IT group had
M1 disease as a result of either solitary brain
metastasis (2 patients) or ipsilateral tumor of
identical histological type in a separate lobe (3
patients). 

Long-term Outcomes
The mean follow-up duration was 36.3±38.1

months.
From the Kaplan-Meier overall long-term sur-

vival function (Table IV) it emerged that the 1, 3
and 5 year survival rates were 72%, 48.7%
42.3%. In the whole population, evidence for dif-
ferent survival functions was found for patients
who experienced a recurrence vs. those who did
not (p < 0.0001), and with regards to the patho-
logical staging of the T (p = 0.028). With regards
to the recurrence, the estimated 5 year survival
rates were 14.9% vs. 76.7%. 

No evidence of different survival functions for
the IT and the non-IT groups of patients was
found (p = 0.63). The estimated 5 year survival
rates were 45.3% and 38.4%, respectively. 

Even if the survival rates were slightly high-
er in patients undergone left pneumonectomy,
no significant evidence of different survival
functions for the patients who had a left resec-
tion and those who had a right resection was
found (p = 0.09). The survival functions for the
patients on and off induction therapy and who
had left or right resection were also compared,
but no evidence to reject the hypothesis of no
difference between the curves was found (p =
0.34). Plots of the survival functions are report-
ed in Figure 1.

The Cox multiple regression analysis con-
firmed the recurrence as a risk factor for earlier
death. In particular, it was estimated that patients
with a recurrence died at about 5.5 times (95%
CI: 2.38-12.82) the rate of patients who did not
experience a relapse of the tumor. 
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Table III. Estimated number of days of hospitalization for patients undergone pneumonectomy with and without induction
therapy, and who did, or did not, require a red cells blood transfusion (mean (95% CI)).

Mean (95% CI).
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From the Kaplan-Meier disease free survival
functions, the following 1, 3 and 5 year overall
disease free survival rates were estimated:
74.2%, 48.4% and 40.3%, respectively. No evi-
dence of different disease free survival responses
was found for the two pre-resection treatment
groups (p = 0.72). With regards to the two induc-
tion therapy groups the estimated 5 year rates
were 42.3% for the IT group and 37.8% for the
non-IT group.

Evidence of different curves was found for
pathological stage (p = 0.02), T staging (p =
0.03) and even more N staging.

Finally, no evidence of different disease free
survival functions for the patients who had a left
resection and those who had a right resection was
found (p = 0.38). The disease free survival func-
tions for the patients on and off induction therapy
and who had left or right resection were also
compared, but no evidence to reject the hypothe-
sis of no difference between the curves was
found (p = 0.76). Plots of the disease free sur-
vival functions are reported in Figure 2.

The Cox multiple regression analysis could
not confirm with strong evidence the role of the

pathological tumor size and the pathological
staging as risk factors for the event of a recur-
rence. Selected output from the survival analysis
is reported in Table IV.

Discussion

Today, one of the goals of modern surgery is
to obtain the best oncological results removing
any functioning healthy tissue to the minimum
extent while still maintaining the criteria for
completeness. The rationale beyond this attitude
lays in the need to avoid “larger” resections, of-
ten correlated with worse morbidity and mortali-
ty rates. This evidence is particularly and specifi-
cally true for pulmonary resections where mor-
bidity and mortality are positively related to the
extent of parenchymal resection and where the
damage of the lung function after surgery can
have a negative impact on the long term survival
and quality of life. However, the pneumonectomy
is a relatively safe operation with a 30-day mor-
tality rate of 6-12% and remains the unique
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Figure 1. Overall Survival Function (A) and survival functions for the induction therapy – IT (B), recurrence (C) and side of
pneumonectomy (D).
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chance of cure in patients where pulmonary
lobectomy or parenchymal sparing procedures
are unviable12.

Surgery, except in NSCLC stage I-II diseases,
often follows the IT chemo or radio-therapy. Pre-
operative IT has increased the number of patients
who, initially judged to be inoperable, re-enter
the criteria for the indication of a radical proce-
dure. In fact, there is a general consensus that a
multimodality treatment offers a clear survival
benefit for these patients1,2,8,11.

On the other hand, the administration of any
IT protocol is, to a various extent, correlated with
an increased rate of intra and post-operative com-
plications and overall long term survival. The
risks of intra and post-operative complications
after IT have been largely debated in literature,
especially in patients undergoing pneumonecto-
my, with emphasis on side effects peculiarly in-
duced by radiotherapy4,13,14. Indeed, several Au-
thors6,7 have shown that pneumonectomy is more
risky after IT and concluded that a pneumonecto-
my, particularly if right sided, should follow IT
only in selected cases. This finding has raised
skepticism towards pneumonectomy as a surgical

option for patients with regionally advanced non
small-cell lung cancer, initially treated by a com-
bination of chemo and radiation therapy. 

The recent implementation of protocols ad-
ministering chemotherapy followed by chemo-
radiation has raised an issue on pneumonecto-
my10,15,16. The initial postulate affirming the ab-
sence of justification for pneumonectomies fol-
lowing IT for unacceptable peri-operative risk6,7

is being revised in the light of enhanced and op-
timized IT treatments (i.e. the uniform adoption
of linear accelerators instead of Co60 apparatus-
es, ameliorated treatment plans aided by com-
puter-simulated verifications and better peri-op-
erative management as more extensively dis-
cussed below17).

Very recently on this line of reasoning, Gais-
sert et al10 reported an hospital mortality of 4.3%
following pneumonectomy after IT and 6.6% af-
ter pneumonectomy alone; Stamatis et al4 report-
ed similar figures: post IT pneumenctomy 30-day
mortality of 7.2%; and Gudbjartsson et al9 de-
scribed only one patient dead in patients group
undergone surgery and no-one in patients under-
gone pneumonectomy after IT. Therefore, limited
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Figure 2. Overall Disease Free Survival Function (A) and disease free survival functions for the induction therapy – IT (B)
and side of pneumonectomy (C).
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published series have reported pulmonary resec-
tion after higher dose radiotherapy treatments
(>59 Gy) and concurrent chemotherapy, with ac-
ceptable post-operative morbidity and mortality
rates8,18,19.

Our findings are in line with those of the re-
cent literature: we report a post-pneumonectomy
overall mortality rate of 3.5% , with a 30-day
mortality rate of 2% in the IT group, and 5.5% in
the non-IT group. Our investigation neither
showed any particular association between post-
operative mortality and preoperative features,
and, most importantly, no association with the
side of pneumonectomy. The ability to safely
perform a pneumonectomy after radiotherapy in
our and other series may be attributed to several
factors. First the development of sophisticated
3D-radiation treatment planning systems over the
last decade has provided the opportunity to maxi-
mize radiation doses to the intended targets mini-
mizing exposure to surrounding normal tissue.
Second, we could also hypothesize that removal
of all irradiated lung by pneumonectomy after in-
duction radio-chemotherapy may reduce the ap-
pearance of complications due to actinic dam-
ages to the lung. 

In our single-institution study we report a ma-
jor complication rate of 14.3% in IT group vs.
16.7% in non-IT group with non statistically sig-
nificant differences between the two groups. We
report only 1 case (2%) of broncho-pleural fistula
in the IT group after right pneumonectomy and 2
cases in the non-IT group (5.5%) both operated
on the left side, and no differences in broncho-
pleural fistula, empyema, pneumonia and pul-
monary embolism were found. Similar results
derive from the Gudbjartsson et al9 and Stamatis
et al4 series.

Controversy exists about the need for, and the
benefit deriving from, the coverage of the
bronchial stump by different techniques20, in-
cluding the use of pleural, pericardial, mediasti-
nal fat pad grafts and pedicled intercostal mus-
cle flaps, with various degrees of success20,21.
Based on this situation, we prefer to cover the
bronchial stump after IT and on the right side
with intercostal muscle pedicled flaps. This ap-
proach is shared by several other thoracic
surgery centers21,22. 

The post-operative hospital stay was signifi-
cantly higher in the IT group. However, the dif-
ference among the major and minor complication
rates in the two IT groups was not significant.
The frequency of the need for transfusion was

significantly higher in the IT. We could speculate
that the patients in the IT group need more often
blood transfusions due to the clinically signifi-
cant lower baseline hemoglobin levels and for
the relatively higher appearance of bleeding
(6.2%). This situation may, in turn, justify the
significantly higher prolonged hospital stay, even
though no evidence for an association between
complications and prolonged hospital stay
emerged from our study.

The long term survival is directly correlated
with the staging and the indications for the IT
are strictly linked to a particular clinical stage.
For this reason, many Authors did not report the
comparison of IT vs. non-IT groups on the long
term survival (LTS) outcome focusing their dis-
cussion on the peri-operative mortality and
complications rate. However, taking into ac-
count the differences between clinical and
pathological stages of the two groups, we could
observe a good, and non-statistically different,
long term survival rates in both groups. This
could be justified by the relatively high number
of “responders” as evidenced at the pathological
staging in the IT group: we reported a complete
pathological rate of 18.4% (9/49) with an over-
all pathological downstaging rate of 77.5%.
Good levels of survival rates following IT have
been recently reported by the recent experi-
ences of Daly et al23, who described a 5-yr sur-
vival of 33% in 30 patients who underwent
pneumonectomy after high-dose IT, and of
Gudbjartson et al9, who reported figures of
46% in IT and 34% in the non-IT group. Al-
thought several Authors have experiences good
long-term survivals in patients underwent pneu-
monectomy after IT, only few papers have been
planned to find all the prognostic factors that
may have a potential impact on the LTS in
these patients. Kim et al24 in their retrospective
analysis of 129 pneumonectomies after IT
showed different outcome according with
pathological N-status changes after IT, with a
worst prognosis for patients with persistent N2-
disease after IT. In this setting, the rationale to
perform a pneumonectomy after IT seems to be
closely related also with oncological considera-
tions. Indeed long-term outcome is poor if a
persistent of N2-disease is found at pathologi-
cal evaluation as clearly reported in our recent
paper regards of LTS in patients with persistent
N2-disease after IT25. Thus even if pneumonec-
tomy after IT in N2-patients could be technical-
ly feasible with reasonable morbidity/mortality
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rates, it should be limited only in very selected
cases and, in principle, not recommend. Final-
ly, no differences were observed stratifying for
gender, age, smoking habits, respiratory func-
tional parameters, and different co-morbidities.
Despite the fact that post-operative mortality
and morbidity rates did not increase after right-
side operations as reported by Stamatis et al4

ans Daly et al23, patients undergoing right pneu-
monectomy in our study had a slightly worse
long term outcome than those operated on the
left side (5-yr survival of 38.2% vs. 45.2%, p =
0.09. The datum for patients who underwent IT
is not confirmed by Kim et al24. We can hypoth-
esize that the potential causes for such an im-
balanced laterality risk was perhaps not related
to a different relapse rate between right and left
side. Instead, we believe it could be the conse-
quence of a tendency towards a greater risk to
develop respiratory or cardiac complications in
the right resections, independently from IT ad-
ministration.

The main limitation of our study is its retro-
spective nature. Indeed, the size of the IT group
in our investigation is relatively small and this
may lead to an imprecise estimation of the ef-
fects of the IT on mortality. Another point of
weakness is the very long period (13 years) cov-
ered by the study, where IT protocols have
changed. This has certainly introduced hetero-
geneity due to the peculiarities (response rates,
side effects, etc.) of each one of the adopted
chemotherapy regimens, radiotherapy adminis-
tration and their combinations.

Conclusions

Our findings indicated that pneumonectomy is
a feasible and safe procedure even after IT. We
can summarize that neither operative mortality
nor morbidity seem to be directly associated with
IT, even if the length of hospital stay and the
need for blood transfusion in the IT group were
significantly higher. Regarding the long term re-
sults (survival), we report acceptable long term
and disease free survival rates even in right re-
sections. 

On the basis of our results, pneumonectomy
shall be indicated when lesser resection cannot
allow a radical resection in the context of a mul-
tidisciplinary approach, also including IT.

References

1) ALBAIN KS, RUSCH VW, CROWLEY JJ, RICE TW, TURRISI

AT, WEICK JK, LONCHYNA VA, PRESANT CA, RJ MCKEN-
NA, DR GANDARA. Concurrent cisplatin/etoposide
plus chest radiotherapy followed by surgery for
stages IIIA (N2) and IIIB non-small-cell lung can-
cer: mature results of Southwest Oncology Group
phase II study 8805. J Clin Oncol 1995; 13: 1880-
1892. 

2) SUGARBAKER DJ, HERNDON J, KOHMAN LJ, KRASNA MJ,
GREEN MR. Results of cancer and leukemia group
B protocol 8935. A multiinstitutional phase II tri-
modality trial for stage IIIA (N2) non-small-cell
lung cancer. Cancer and Leukemia Group B Tho-
racic Surgery Group. J Thorac Cardiovasc Surg
1995; 109: 473-483.

3) ALBAIN KS, CROWLEY JJ, TURRISI AT 3RD, GANDARA DR,
FARRAR WB, CLARK JI, BEASLEY KR, LIVINGSTON RB.
Concurrent cisplatin, etoposide, and chest radio-
therapy in pathologic stage IIIB non-small-cell
lung cancer: a Southwest Oncology Group phase
II study, SWOG 9019. J Clin Oncol 2002; 20:
3454-3460.

4) STAMATIS G, DJURIC D, EBERHARDT W, PÖTTKEN C,
ZABOURA G, FECHNER S, FUJIMOTO T. Postoperative
morbidity and mortality after induction chemora-
diotherapy for locally advanced lung cancer: an
analysis of 350 operated patients. Eur J Cardio-
thorac Surg 2002; 22: 292-297. 

5) DODDOLI C, BARLESI F, TROUSSE D, ROBITAIL S, YENA S,
ASTOUL P, GIUDICELLI R, FUENTES P, THOMAS P. One
hundred consecutive pneumonectomies after in-
duction therapy for nonsmall cell lung cancer: an
uncertain balance between risks and benefits. J
Thorac Cardiovasc Surg 2005; 130: 416-425. 

6) MARTIN J, GINSBERG RJ, ABOLHODA A, BAINS MS,
DOWNEY RJ, KORST RJ, WEIGEL TL, KRIS MG, VENKA-
TRAMAN ES, RUSCH VW. Morbidity and mortality after
neoadjuvant therapy for lung cancer: the risks of
right pneumonectomy. Ann Thorac Surg 2001; 72:
1149-1154.

7) RUSH V, ALBAIN KS, TURRISI A, SWANN S, SHEPHERD F,
CHEN Y, LIVINGSTON R, DARLING G, COX J, SAUSE W.
Phase III study of concurrent chemotherapy and
radiotherapy (CT/RT) vs CT/RT followed by surgi-
cal resection for stage IIIA(pN2) non-small cell
lung cancer (NSCLC): outcomes update of North
American Intergroup 0139 (RTOG 9309). 2005
ASCO Annual Meeting Proceedings. J Clin Oncol
2005; 23(16 suppl): 7014.

8) SONETT JR, SUNTHARALINGAM M, EDELMAN MJ, PATEL

AB, GAMLIEL Z, DOYLE A, HAUSNER P, KRASNA M. Pul-
monary resection after curative intent radiothera-
py (59 Gy) and concurrent chemotherapy in non-
small-cell lung cancer. Ann Thorac Surg 2004; 78:
1200-1205.

9) GUDBJARTSSON T, GYLLSTEDT E, PIKWER A, JÖNSSON P.
Early surgical results after pneumonectomy for
non-small cell lung cancer are not affected by
preoperative radiotherapy and chemotherapy. Ann
Thorac Surg 2008; 86: 376-382.

39

Pneumonectomy after induction therapy



40

10) GAISSERT HA, KEUM DY, WRIGHT CD, ANCUKIEWICZ M,
MONROE E, DONAHUE DM, WAIN JC., LANUTI M, AL-
LAN JS, CHOI NC, MATHISEN DJ. POINT: Operative
risk of pneumonectomy–Influence of preoperative
induction therapy. J Thorac Cardiovasc Surg
2009; 138: 289-294.

11) GRANONE P, MARGARITORA S, CESARIO A, BONATTI P,
GALETTA D, PICCIOCCHI A . Concurrent radio-
chemotherapy in N2 non small cell lung cancer:
inter im analysis. Eur J Cardiothorac Surg.
1997;12: 366-371.

12) POWELL ES, PEARCE AC, COOK D, DAVIES P, BISHAY E,
BOWLER GM, GAO F; UKPOS CO-ORDINATORS. UK
pneumonectomy outcome study (UKPOS): a
prospective observational study of pneumonecto-
my outcome. J Cardiothorac Surg 2009; 4: 41.

13) D’AMATO TA, ASHRAFI AS, SCHUCHERT MJ, ALSHEHAB

DS, SEELY AJ, SHAMJI FM, MAZIAK DE, SUNDARESAN SR,
FERSON PF, LUKETICH JD, LANDRENEAU RJ. Risk of
pneumonectomy after induction therapy for locally
advanced non-small cell lung cancer. Ann Thorac
Surg. 2009; 88: 1079-1085

14) KRASNA MJ. COUNTERPOINT: Pneumonectomy
after chemoradiation: the risks of trimodality ther-
apy. J Thorac Cardiovasc Surg 2009; 138: 295-
299.

15) MANSOUR Z, KOCHETKOVA EA, SANTELMO N, DUCROCQ

X, QUOIX E, WIHLM JM, MASSARD G. Induction
chemotherapy does not increase the operative
risk of pneumonectomy!. Eur J Cardiothorac Surg
2007; 31: 181-185.

16) ALIFANO M, BOUDAYA MS, SALVI M, COLLET JY, DINU C,
CAMILLERI-BROËT S, RÉGNARD JF. Pneumonectomy af-
ter chemotherapy: morbidity, mortality, and long-
term outcome. Ann Thorac Surg 2008; 85: 1866-
1872.

17) WU KL, JIANG GL, LIAO Y, QIAN H, WANG LJ, FU XL,
ZHAO S. Three-dimensional conformal radiation
therapy for non-small-cell lung cancer: a phase
I/II dose escalation clinical trial. Int J Radiat Oncol
Biol Phys 2003; 57: 1336-1344.

18) BAUMAN JE, MULLIGAN MS, MARTINS RG, KURLAND BF,
EATON KD, WOOD DE. Salvage lung resection after

definitive radiation (>59 Gy) for non-small cell
lung cancer: surgical and oncologic outcomes.
Ann Thorac Surg 2008; 86: 1632-1638.

19) EDELMAN MJ, SUNTHATALINGAM M, BURROWS W,
KWONG KF, MITRA N, GAMLIEL Z, RILEY M, COOPER

LB, KENNEDY NL, BUSKIRK S, HAUSNER P, DOYLE LA,
KRASNA MJ. Phase I/II trial of hyperfractionated
radiation and chemotherapy followed by surgery
in stage III lung cancer. Ann Thorac Surg 2008;
86: 903-910.

20) ALGAR FJ, ALVAREZ A, ARANDA JL, SALVATIERRA A, BAA-
MONDE C, LÓPEZ-PUJOL FJ. Prediction of early bron-
chopleural fistula after pneumonectomy: A multi-
variate analysis. Ann Thorac Surg 2001; 72:
1662-1667.

21) WRIGHT CD, WAIN JC, MATHISEN DJ, GRILLO HC.
Postpneumonectomy bronchopleural fistula after
sutured bronchial closure: incidence, risk factors,
and management. J Thorac Cardiovasc Surg
1996; 112: 1367-1371. 

22) PANAGOPOULOS ND, APOSTOLAKIS E, KOLETSIS E,
PROKAKIS C, HOUNTIS P, SAKELLAROPOULOS G, BELLENIS

I, DOUGENIS D. Low incidence of bronchopleural
fistula after pneumonectomy for lung cancer. In-
teract Cardiovasc Thorac Surg 2009; 9: 571-
575.

23) DALY BD, FERNANDO HC, KETCHEDJIAN A, DIPETRILLO

TA, KACHNIC LA, MORELLI DM, SHEMIN RJ. Pneu-
monectomy after high-dose radiation and concur-
rent chemotherapy for nonsmall cell lung cancer.
Ann Thorac Surg 2006; 82: 227-231.

24) KIM AW, FABER LP, WARREN WH, BASU S, WIGHTMAN

SC, WEBER JA, BONOMI P, LIPTAY MJ. Pneumonecto-
my after chemoradiation therapy for non-small
cell lung cancer: does “side” really matter? Ann
Thorac Surg 2009; 88: 937-943.

25) MEACCI E, CESARIO A, CUSUMANO G, LOCOCO F,
D’ANGELILLO R, DALL’ARMI V, MARGARITORA S, GRANONE

P. Surgery for patients with persistent pathological
N2 IIIA stage in non-small-cell lung cancer after
induction radio-chemotherapy: the microscopic
seed of doubt. Eur J Cardiothorac Surg 2011; 40:
656-663.

S. Margaritora, A. Cesario, G. Cusumano, V. Dall’Armi, V. Porziella, E. Meacci, et al.


