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ABSTRACT

Background: Accurate measurement of outcomes is essential to monitor the effectiveness of public health poli-
cies. In Italy, the Ministry of Health has chosen 30-day mortality after major surgical or medical procedures as
the main outcome measure, pooling all pulmonary resections for malignancy in a single category. The present
audit evaluated all pulmonary resections performed over a 13-year period in a single institution to assess the im-
mediate (30-day mortality) and long-term (5-year survival) outcomes according to type and stage of disease and
extent of surgery.

Methods: We analyzed the results of 4,234 first pulmonary resections performed from 2003 to 2015 for lung
cancer (2,636), lung metastases (1,080), other primary cancers (259) and benign diseases (259). The median
follow-up of cancer patients was 4.1 years.

Results: Overall 30-day mortality was 1.1%, being 1.2% for lung cancer, 0.3% for lung metastases, 3.5% for pneu-
monectomies, 1% for lobectomies, and 0.5% for sublobar resections. Among lung cancer patients, 30-day mortal-
ity was 0.7% for simple anatomical resections, 2.8% for complex resections, 0.7% for stage |, and 1.6% for higher
stages. Overall 5-year survival was 56% for lung cancer, 49% for lung metastases, and 53% for other primary
cancers (p = 0.03). According to the surgical procedure for lung cancer, 5-year survival was 60%, 55% and 36% for
lobectomies, segmentectomies and pneumonectomies, respectively (p<0.0001).

Conclusions: For better monitoring of thoracic surgery outcomes in a real-world setting, we suggest evaluating
lung cancer separately from other thoracic malignancies, and including 5-year survival rates stratified by resec-
tion volume and surgical procedure complexity.
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Introduction effectiveness of public health policies and to assess the
efficiency of intervention, including cost/benefit evalua-
In modern medicine, accurate measurements of imme- tions, in order to help stakeholders optimize the use of lim-

diate and long-term outcomes are crucial to monitor the ited financial resources and address research investments.
The availability of an independent source of reliable infor-
mation about the performance of current therapiesis funda-
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In the USA, typical examples of public data on medical
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associated with lower immediate mortality and better long-
term survival (2-7).

Similarly, in Europe, the United Kingdom’s second Nation-
al Thoracic Surgery and Outcomes Report (8) and France’s
National Cancer Plan based on the Epithor National Data-
base (9) have provided large-scale statistics on thoracic sur-
gery outcomes, including 30-day mortality by procedure. In
addition, the European Society of Thoracic Surgeons (ESTS)
has designed a database to provide a tool for a fair evalua-
tion of performance across different European thoracic sur-
gery units (10). Furthermore, the ESTS updated risk-adjusted
models of morbidity and mortality in order to provide easier
instruments of risk assessment for thoracic surgery institu-
tions (11, 12).

In Italy, an official agency of the Ministry of Health, the
Agenzia Nazionale per i Servizi Sanitari Regionali (AGENAS),
provided 30-day mortality statistics after major surgical or
medical procedures for each Italian hospital over a period of
6 years (2008-2013) based on administrative data such as dis-
charge summaries and diagnosis-related groups (13). Given
the source of the medical data, the AGENAS reports on tho-
racic surgery combine all pulmonary resections for malignant
tumors without distinction of the type of disease (primary lung
cancer, lung metastases, other malignancies), extent of resec-
tion (whole lung, lobe, lesser volume), and complexity of the
procedure (lung only, nodal dissection, extension to adjacent
structures, organ replacement or reconstruction). No reports
on long-term outcomes are released for the same populations.

The present audit analyzed all pulmonary resections per-
formed at the Istituto Nazionale dei Tumori of Milan (INTM)
over a 13-year period with the aim of assessing the immediate
and long-term outcomes (30-day mortality and 5-year survival)
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Fig. 1 - Flowchart of the analysis.
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of surgical procedures according to the type of disease and ex-
tent of surgical resection.

Methods

The current study included all surgical procedures carried
out at INTM from January 1, 2003 to December 31, 2015. All
resections in pediatric patients (below 18 years of age) were
excluded from the cohort. Resections were performed by a
variety of operative procedures classified as anatomical re-
sections (pneumonectomy, lobectomy, segmentectomy) or
non-anatomical sublobar resections, including wedge and
precision resections. In addition, the procedures performed
were classified as simple (i.e., not associated with other re-
sections) or complex (associated with resections of adja-
cent structures, organ replacement or reconstruction). For
patients with primary lung cancer, simple anatomical resec-
tions always included systematic dissection of multiple hilar
and mediastinal lymph-node stations. All anatomical resec-
tions for primary lung cancer were staged according to the
7™ edition of the International Association for the Study of
Lung Cancer (IASLC) staging system (14). All information relat-
ing to the period of hospitalization were validated through
the medical record register, particularly for patients who died
during hospitalization.

Of the 7,602 surgical procedures recorded we included
only the first pulmonary resection performed in each individ-
ual, corresponding to a total of 4,234 patients (Fig. 1). Benign
diseases were analyzed separately (Supplementary Table S1 -
Thirty-day mortality and postoperative hospital stay in patients
with benign diseases. Available online at www.tumorijournal.
com). Two outcomes (proportion of patients who experienced
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30-day mortality, and Kaplan-Meier estimate of 5-year surviv-
al) were calculated.

Outcomes were stratified according to (i) cancer type
(primary lung cancer, lung metastases, and other malignan-
cies), (ii) resection volume (pneumonectomy, lobectomy, seg-
mentectomy, and wedge or precision sublobar resections),
(iii) complexity of resection (simple or complex), and (iv) path-
ological TNM stage.

Additionally, we calculated the 95% confidence inter-
vals (Cl) of 30-day mortality and performed adjusted Cox
proportional hazard regression models to estimate the haz-
ard ratios for all variables of interest just described. Model
adjustments were made in all patients for age (<64 years)
and sex, and in the lung cancer subgroup for age, sex, ana-
tomical resection and pathological TNM stage (Supplemen-
tary Table S2 - Adjusted hazard ratios and 95% confidence
intervals in lung cancer patients according to pathological
stage and anatomical resections. Available online at www.
tumorijournal.com).

The INTM Medical Directorate checked the in-hospital
deaths. All other deaths were retrieved through record link-
age with the vital status National Registry Office database,
which is regularly updated within 6 months of death and is
the same as the AGENAS mortality data. Six patients (0.1%)
were lost to follow-up. The closing date of follow-up for alive
patients was April 30, 2016, and the median follow-up of can-
cer patients was 4.1 years.

All analyses were performed using the Statistical Analysis
System software (version 9.4; SAS Institute, Cary, NC, USA).
Statistical significance was set at the 0.05 level.

Results

Of the 7,602 thoracic surgical procedures recorded at
INTM from January 2003 to December 2015, 4,857 (64%)
were pulmonary resections and 4,234 (87%) represented the
first surgical procedure (Fig. 1). The remaining 623 subse-
quent lung resections were not included in the analysis.

The patients’ characteristics are illustrated in Table I.
Out of 4,234 first pulmonary resections, 259 (6.1%) were
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performed for benign diseases. Among the 3,975 patients
(93.9%) with malignant tumors, 2,636 (66.3%) had primary
lung cancer, 1,080 (27.2%) lung metastases, and 259 (6.5%)
other primary malignancies. The most common resection
performed was lobectomy (51%), followed by wedge or preci-
sion sublobar resections (30%), anatomical segmentectomies
(9.8%), and pneumonectomies (9.2%).

Thirty-day mortality

Table Il shows the 30-day mortality in patients with
malignant tumors according to cancer type and resection
volume. Patients with other primary malignancies (thymo-
ma, sarcoma or germ-cell tumors) had the highest mortal-
ity (3.1%) while those with lung metastases had the lowest
mortality (0.3%), independent of the resection volume.
Pneumonectomy was associated with a significantly higher
mortality rate (3.5%) than lobectomy (1%), segmentectomy
(0.5%) or wedge/precision resection (0.5%), regardless of
the type of disease. In lung cancer patients, 30-day mortality
(1.2% overall) varied according to the resection volume and
complexity of the surgical procedure (Tab. Il), being higher
for pneumonectomies (3.1%) versus lobectomies (1.1%) or
sublobar resections (0.6% combining segments and wedg-
es), with a major impact of complex resections compared to
simple procedures (2.8% vs. 0.7% overall), which was evi-
dent for pneumonectomy (3.8% vs. 2.0%), lobectomy (2.5%
vs. 0.7%) and sublobar resections (2.6% vs. 0.4%). Table Il
also shows the 30-day mortality according to pathologi-
cal tumor stage in 2,376 lung cancer patients undergoing
anatomical resections. Stage | lung cancer had a signifi-
cantly lower mortality than higher stages (0.7% vs. 1.6%),
and the effect was evident in the largest group of 1,845
lobectomies (0.7% vs. 1.3%) as well as in pneumonectomies
(0% vs. 3.6%).

Compared to cancer patients, postoperative mortality was
lower but not absent (0.4%) in lung resections for benign dis-
ease (Supplementary Table S1). The 95% Cls of 30-day mortality
were 0.8-1.4 overall, 0.8-1.7 for primary lung cancer, 0.7-1.6 for
lobectomies, and 2.1-5.9 for pneumonectomies.

TABLE | - Selected cohort characteristics in patients with malignant tumors according to cancer type

Overall Lung cancer Metastasis Other
(N =3,975) (N=2,636) (N =1,080) (N =259)

Sex

Female, n (%) 1,464 (36.8) 888 (33.7) 478 (44.3) 98 (37.8)

Male, n (%) 2,511 (63.2) 1,748 (66.3) 602 (55.7) 161 (62.2)
Age, mean (SD), years 61.7 (13.0) 64.9 (10.6) 56.0 (14.5) 52.9 (15.7)
Body mass index, mean (SD)* 25.6 (3.9) 25.61 (3.9) 26.03 (2.8) 25.68 (0.3)
Resection volume

Pneunomectomy, n (%) 367 (9.2) 261 (9.9) 11 (1.0) 95 (36.7)

Lobectmy, n (%) 2,027 (50.9) 1,845 (69.9) 141 (13.1) 41 (15.8)

Segmentectomy, n (%) 390 (9.8) 270 (10.2) 113 (10.5) 7 (2.7)

Wedge/precision, n (%) 1,191 (29.9) 260 (9.9) 815 (75.5) 116 (44.8)

*Missing data are hidden.
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Fig. 2 - Five-year survival according to cancer
type: primary lung cancer (LC), lung metastases
(META), and other malignancies (Other).
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TABLE IV - Adjusted hazard ratios and 95% confidence intervals ac-
cording to different settings

HR*  (95% Cl)
HR (95% Cl) according to cancer type: primary
lung cancer, lung metastases and other
malignancies
LC 1.00 (reference)
META 1.21 (1.08-1.36)
Other 1.26 (1.03-1.54)
HR (95% Cl) in LC patients according to ana-
tomical resections: lobectomy, segmentec-
tomy and pneumonectomy
Lobe. 1.00 (reference)
Segment. 1.08 (0.88-1.33)
Pneumo. 2.07 (1.73-2.47)
HR (95% Cl) in LC patients according to anatomi-
cal resections and complexity of procedure
Lobe./Segment. SIMPLE 1.00 (reference)
Lobe./Segment. COMPLEX 1.67 (1.42-1.96)
Pneumo. SIMPLE 1.96 (1.48-2.59)
Pneumo. COMPLEX 2.59 (2.08-3.23)
HR (95% Cl) in LC patients with simple ana-
tomical resections according to pathological
stage
Stage | 1.00 (reference)
Stage Il 2.11 (1.75-2.55)
Stage IlI-IV 3.57 (3.04-4.18)
HR (95% Cl) in LC patients with complex anatom-
ical resections according to pathological stage
Stage | 1.00 (reference)
Stage Il 2.10 (1.40-3.15)
Stage llI-IV 3.43 (2.35-4.99)

Cl = confidence interval; HR = hazard ratio; LC = lung cancer; Lobe. = lobec-
tomy; Pneumo. = pneumonectomy; Segment. = segmentectomy.
* Adjusted for age and sex.

Finally, 5-year survival by pathological tumor stage con-
firmed the expected outcome according to the new TNM
staging system: 73% for stage |, 55% for stage Il, and 36% for
stage IlI-IV (p<0.0001; Fig. 5), and patients with pathological
stage Il or lll had an increased risk of long-term mortality com-
pared to stage | patients (HR 2.1, 95% Cl 1.40-3.15 and HR 3.4,
95% Cl 2.35-4.99, respectively; Tab. V). Interestingly, a similar
impact of pTNM on 5-year survival was observed when re-
stricting the analysis to the 580 patients treated by complex
resections only (72% vs. 49% and 29%, respectively, p<0.000;
HR 2.1 and 3.43; Tab. IV and Supplementary Fig. S1- Five-year
lung cancer survival of anatomical resections according to
pathological stage in patients with complex resections. Avail-
able online at www.tumorijournal.com). The independent
predictive value of anatomical resection volume and pTNM
was maintained after multiple adjustment for age, sex, ana-
tomical resection and pTNM, with an HR of 1.54 for pneumo-
nectomy and 3.37 for stage llI-IV (Supplementary Table S2).

Discussion

Real-world medicine, as opposed to evidence-based
medicine generated by prospective randomized trials, mainly
refers to the retrospective evaluation of large unselected se-
ries of patients, including all those treated in one or more
hospitals, whose clinical results cannot be affected by the se-
lection biases that are typical in the process of trial accrual.
Real-world evidence provides a complementary overview (or
confirmation) of the results that can be achieved in the large
majority of “real” patients routinely treated in clinical prac-
tice, including elderly and frail patients with comorbidities,
who are usually excluded from randomized trials (15). In the
setting of thoracic surgery, large-scale multicenter databases
have been employed both in the USA (SEER, STS) and Europe
(ESTS) in an effort to provide reliable short- and long-term
outcome results and easy-to-use quality indicators of institu-
tional performance (1-12).

On the other hand, major single institutions can use the
audit instrument to analyze their own surgical databases and
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Fig. 3 - Five-year lung cancer survival
according to anatomical resections:
pneumonectomy (PNEUMO), seg-
mentectomy (SEGMENT), and lobec-
tomy (LOBE).
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Fig. 4 - Five-year lung cancer survival
according to anatomical resections
and procedure complexity.
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provide updated outcome indicators to be shared with pa-
tients. In order to avoid retrospective clinical selection and
potential biases, an institutional audit should identify all
treated patients within a given period through independent
medical and administrative databases, regardless of their pri-
vate or public status, with formal checking by institutional
authorities. For the present audit, we merged all the existing
databases at INTM, from the ICT, clinical administration, pa-
thology, surgery, and anesthesiology departments, to retrieve
each and every patient, including those admitted to medical
or private wards and intensive care units.

Even though 30-day mortality is only one measure of the
overall health-care quality (11), our outcome analysis was

based on all-cause mortality, which represents the most solid
endpoint for this type of institutional audit. In contrast with
the majority of surgical series, where follow-up was obtained
through the outpatient clinic or telephone calls to patients’
families, we used systematic record linkage with the vital status
National Registry Office database, which is regularly updated
within 6 months of death, and in our cohort guaranteed a 99%
long-term follow-up. Other relevant endpoints such as tumor
relapse, new primary cancer, adjuvant or salvage treatment
are very difficult to accurately identify in a large-scale surgical
audit and are beyond the scope of the present exercise.

We are aware that the adjustment for age and sex, ana-
tomical resection and pTNM stage but not other important
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Fig. 5 - Five-year lung cancer surviv-
al for anatomical resections accord-
ing to pathological stage.
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TABLE V - Thirty-day mortality (%) from large-scale and hospital series of lung cancer resections

First author (ref.) Years Number Overall Lobectomy Pneumonectomy
Birkmevyer (3) 1994-1999 16,785 7.6 6.4 17
Pastorino (19) 1998-2002 1,418 1.8 1.7 3.7
Kozower (16) 2002-2008 18,800 2.2 - -

Falcoz (9) 2005-2010 19,556 7.4 6.1 12.9

Hu (1) 2006-2010 11,787 37 - -

Brunelli (18) 2007-2015 47,960 2.7 2.3 6.8
Present series 2003-2015 2,636 1.2 1.1 3.1

risk modifiers such as concurrent chronic diseases, cardiopul-
monary function and medical comorbidity is a limitation of
the present audit (16, 17), but these data were not available
for a significant proportion of patients. It is our intention,
however, to provide in the near future additional outcome
analyses of the lung cancer cohort, adjusted for chronic ob-
structive pulmonary disease, prior cardiac morbidity, pulmo-
nary function, and other medical comorbidities.

In general terms, our results confirm that overall 30-day
mortality in thoracic surgery has declined in the last 20 years
(Tab. V), but there are still significant variations among different
series, even in the last decade. In fact, the 1.3% value observed
in our series for major lung cancer resections (lobectomy or
pneumonectomy) is similar to the most recent STS outcomes
(0.9%-1.8%) (6) but much lower than the 2.7% reported by ESTS
(18), the 3.7% of SEER-Medicare (1), and the 7.4% of Epithor (9).
Even though the size difference between single-institution and
population-based series is substantial, our 95% Cls of 30-day
mortality confirm the favorable trend (Tab. IV).

In the specific Italian scenario, our overall 30-day mortal-
ity for malignant disease (1.1%) is in line with the average

national value published by AGENAS, showing a gradual de-
cline from 1.8% in 2010 to 1.2% in 2015 (13). Nonetheless,
the present audit clearly demonstrates that mortality is influ-
enced by a number of major clinical factors including type and
stage of disease, resection volume, and complexity of the sur-
gical procedure. In this context, our distinction between com-
plex and simple procedures follows the new ESTS proposal
for 30-day mortality analysis, which separates mortality after
extended and non-extended procedures (5.3% and 2.5%, re-
spectively) (18). The independent impact of lung cancer stage
on 30-day mortality confirms a prior observation from 2 hos-
pital series (19) and is in keeping with the French national re-
port, showing an odds ratio of 1.3 for stage Il and 2.2 for stage
Il compared with stage | in multivariate analysis (9).

All the above-mentioned factors can be very useful to pre-
dict the risk of postoperative death in individual patients but
also to stratify clinical series, whose composition can be very
different according to referral status in highly specialized cen-
ters versus general hospitals. Consequently, interinstitutional
comparisons are meaningful only within a predefined homo-
geneous group of patients (e.g., those undergoing lobectomy
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for primary lung cancer) and/or after proper adjustment for
major determinants of the surgical risk (20). The lack of ho-
mogeneous classification or adequate adjustment of clinical
series is a possible explanation for the apparent discrepancy
between worldwide outcome figures and the AGENAS re-
ports, where small centers with very limited numbers of lung
resections per year often show mortality rates below the av-
erage national value (21).

A further element to be considered as a marker of poten-
tially unnecessary surgery is the frequency of lung resections
for benign diseases. In the present series, only 6% of patients
underwent pulmonary resection without a final pathologi-
cal diagnosis of malignancy. This value is well below the 10%
threshold considered adequate by international thoracic sur-
gery guidelines (22).

In our view, the most valuable piece of information pro-
vided by this audit is the correlation between short-term
mortality and long-term outcome of surgical resections for
thoracic malignancies. In fact, the overall 5-year survival of
56% for 2,634 lung cancer patients and 53% for 259 subjects
with other primary cancers represent solid proof of long-term
effectiveness. Even more remarkably, 1,076 patients with re-
sected lung metastases showed a 49% 5-year survival, with a
substantial prospect of permanent cure in carefully selected
metastatic disease, and very low (0.3%) postoperative mor-
tality. The surgical benefit ratio appears reasonable also for
extended operations such as complex pneumonectomies in
lung cancer patients, where a 30-day mortality of 3.8% was
compensated by an acceptable 9-fold 5-year survival (35%).

Finally, the observed long-term outcome provides reassur-
ing information on the appropriateness of patient selection
as well as on the quality of surgical management. In fact, the
stage-related 5-year survival among lung cancer patients was
fully consistent with the new international TNM figures (14).
In particular, the 36% 5-year survival shown in 798 stage IlI-IV
patients matches very well with a 1.6% 30-day mortality, and
is above the average life expectancy with definitive chemo-
radiotherapy, and the most recent population-based SEER re-
port showing a 29% 5-year survival rate for stage II-lll disease
and 5% for stage IV (23). This audit thereby confirms the valid-
ity of the surgical choice in terms of the balance between early
mortality and late survival also in advanced-stage lung cancer.

Non-anatomical sublobar resections or lobectomies
without hilar and mediastinal lymph node dissection may
be linked to a 0.5% to 1% reduction of 30-day mortality, but
the SEER reports clearly demonstrate that the ultimate cost
of suboptimal surgery for primary lung cancer is a 10% to
20% reduction of 5-year survival (2, 4). In the present series,
lobectomy plus systematic nodal dissection yielded a 60%
5-year survival rate in lung cancer patients (all stages) at the
cost of a 30-day mortality of 1.1%. For these reasons, periodic
statistics provided by national health authorities such as AGE-
NAS should include 30-day mortality of homogeneous groups
of patients (e.g., lobectomy for primary lung cancer) as well
as the corresponding 5-year survival.

Conclusion

In conclusion, 30-day mortality in thoracic surgery is
significantly associated with the type and stage of disease,
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lung resection volume, and complexity of surgical procedure.
Postoperative mortality and 5-year survival are 2 comple-
mentary measures of performance, and for better monitor-
ing of thoracic surgery outcomes in a real-world setting we
suggest evaluating lung cancer separately from other thoracic
malignancies, and including 5-year survival rates stratified by
resection volume and surgical procedure complexity.
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