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Eurolung risk score is associated with long-term survival
after curative resection for lung cancer
Alessandro Brunelli, MD, Nilanjan Chaudhuri, MD, Manos Kefaloyannis, MD, Richard Milton, MD,
Cecilia Pompili, MD, PhD, Peter Tcherveniakov, MD, and Kostas Papagiannopoulos, MD
ABSTRACT

Objective: The study objective was to verify whether the Eurolung score was asso-
ciated with long-term prognosis after lung cancer resection.

Methods: A total of 1359 consecutive patients undergoing anatomic lung resection
(1136 lobectomies, 103 pneumonectomies, 120 segmentectomies) (2014-2018) were
analyzed. The parsimonious aggregate Eurolung2 score was calculated for each pa-
tient. Median follow-up was 802 days. Survival distribution was estimated by the
Kaplan–Meier method. Cox proportional hazard regression and competing risk
regression analyses were used to assess the independent association of Eurolung
with overall and disease-specific survival.

Results: Patients were grouped into 4 classes according to their Eurolung scores (A
0-2.5, B 3-5, C 5.5-6.5, D 7-11.5). Most patients were in class A (52%) and B (33%), 8%
were in class C, and 7% were in class D. Five-year overall survival decreased across
the categories (A: 75%; B: 52%; C: 29%; D: 27%, log rank P< .0001). The score
stratified the 3-year overall survival in patients with pT1 (P < .0001) or pT>1
(P< .0001). In addition, the different classes were associated with incremental
risk of long-term overall mortality in patients with pN0 (P<.0001) and positive no-
des (P¼ .0005). Cox proportional hazard regression and competing regression an-
alyses showed that Eurolung aggregate score remained significantly associated with
overall (hazard ratio, 1.19; P<.0001) and disease-specific survival after adjusting for
pT and pN stage (hazard ratio, 1.09; P ¼ .005).

Conclusions: Eurolung aggregate score was associated with long-term survival af-
ter curative resection for cancer. This information may be valuable to inform the
shared decision-making process and the multidisciplinary team discussion assisting
in the selection of the most appropriate curative treatment in high-risk patients. (J
Thorac Cardiovasc Surg 2021;161:776-86)
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Kaplan–Meier comparison of OS between different
Eurolung classes of risk in patients with lung cancer
after lung resection. Higher Eurolung risk cate-
gories are associated with worse prognosis (log
rank test P< .0001).
CENTRAL MESSAGE

Eurolung can assist the shared
decision-making process and the
multidisciplinary team discussion
to select the most appropriate
curative treatment in high-risk
patients.
PERSPECTIVE
Eurolung score was associated with long-term
overall and DSS after lung cancer resection inde-
pendent of pT and pN stage. This finding high-
lights the importance of applying mixed models
incorporating not only oncologic but also pa-
tient- and treatment-related characteristics to
stratify prognosis after curative treatment for
lung cancer.

See Commentaries on pages 787 and 788.
TS Annual Meeting Webcast, see the
webcast thumbnail.
The Eurolung is a model developed from the European
Society of Thoracic Surgeons (ESTS) database to stratify
the risk of immediate postoperative mortality based on
patient- and surgical-related characteristics.1 Recent
evidence has shown that different physiologic and
patient-related factors may influence not only perioperative

mailto:alexit_2000@yahoo.com
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Abbreviations and Acronyms
BMI ¼ body mass index
CI ¼ confidence interval
DSS ¼ disease-specific survival
ESTS ¼ European Society of Thoracic Surgeons
OS ¼ overall survival
ppoFEV1 ¼ predicted postoperative forced

expiratory volume in 1 second
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outcomes but also long-term survival after curative
treatment for cancer.2-6 Because the Eurolung model
includes nononcologic factors potentially associated with
prognosis, it may represent a valuable tool to estimate not
only the immediate risk of death after surgery but also the
long-term mortality after curative resection. The objective
of this study was to verify whether the Eurolung aggregate
score was associated with overall and disease-specific sur-
vival (DSS) after lung cancer resection.
TABLE 1. Baseline characteristics of the patients included in the study

(no. 1359)

Variables

Age 67.8 (10.4)

Age>70 y (n, %) 625 (46)

Sex male (n, %) 643 (47)

BMI (kg/m2) 27.0 (5.5)

BMI<18.5 kg/m2 (n, %) 38 (2.8)

PS>1 (n, %) 122 (9.0)

FEV1% 88.4 (22.1)

ppoFEV1<70% (n, %) 612 (45)

DLCO% 72.6 (18.4)

ppoDLCO% 58.2 (16.6)

CAD (n, %) 205 (15)

CVD (n, %) 82 (6.0)

CKD (n, %) 30 (2.2)

Open access (as opposed to MITS) (n, %) 316 (23)

Pneumonectomies (n, %) 103 (7.6)

Lobectomies (n, %) 1136 (83.6)

Segmentectomies (n, %) 120 (8.8)

Histology (n, %) Squamous 453 (33)

Adenocarcinoma 731 (54)

Others 175 (13)

Results are expressed a means and standard deviations for numeric variables and as

count and percentages for categoric variables. BMI, Body mass index; PS, perfor-

mance score; FEV1, forced expiratory volume in 1 second; ppoFEV1, predicted post-

operative forced expiratory volume in 1 second; DLCO, carbon monoxide lung

diffusion capacity; ppoDLCO, predicted postoperative carbon monoxide lung diffu-

sion capacity; CAD, coronary artery disease; CVD, cerebrovascular disease; CKD,

chronic kidney disease; MITS, minimally invasive thoracic surgery.
PATIENTS AND METHODS
This is a retrospective single-center analysis performed on prospec-

tively collected data. A total of 1359 consecutive patients undergoing

anatomic lung resection for non–small cell lung cancer (1136 lobectomies,

103 pneumonectomies, 120 segmentectomies) from April 2014 to

December 2018 were analyzed. The study was reviewed by the Research

and Innovation Department of the hospital and classified as service evalu-

ation not requiring review by an NHS Research Ethics Committee.

All patients were selected for operation after discussion in a multidisci-

plinary tumor board. A patient was deemed unfit for surgery in case of a

predicted postoperative forced expiratory volume in 1 second (ppoFEV1)

and predicted postoperative carbon monoxide lung diffusion capacity

less than 30% of predicted associated with VO2max less than 10 mL/kg/

min, according to published guidelines.7

Preoperative staging was performed using systematic positron emission

tomography computed tomography scan. Endobronchial ultrasound or

endoscopic ultrasound nodal sampling was performed in case of positron

emission tomography avid hilar or mediastinal lymph nodes. All patients

were referred to surgeons after discussion at a multidisciplinary meeting.

All operations were performed by qualified thoracic surgeons, and pa-

tients were cared for in a dedicated thoracic surgery unit after surgery.

Only patients with pathologically staged R0 resections were included in

the analysis. A systematic lymph node dissection was performed in all pa-

tients. Patients were staged according to the 8th edition of the TNM staging

system.

Statistical Analysis
Numeric variables are presented as means and standard deviations, and

categoric variables are presented as count and percentages. For the purpose

of this study, the parsimonious aggregate Eurolung2 score was calculated

for each patient. The parsimonious Eurolung2model is a simplified and up-

dated version of the Eurolung model.1 It was recently developed from a

population of more than 85,000 patients registered in the ESTS database

and includes the following factors: age, ppoFEV1, body mass index

(BMI), gender, open surgery (as opposed to video-assisted thoracoscopic
The Journal of Thoracic and Ca
surgery), and pneumonectomy (as opposed to lesser resections). All vari-

ables were complete with the exception of BMI and ppoFEV1, which

had less than 5% ofmissing data.Missing values were replaced bymultiple

imputation. The aggregate Eurolung is a derived score that was created by

categorizing the numeric variables in the model and after weighting the in-

dividual factors.1 It is obtained by summing the points generated by the

following variables: age more than 70 years 1 point, ppoFEV1 less than

70% 1 point, open surgery (as opposed to minimally invasive surgery)

2.5 points, BMI less than 18.5 2.5 points, male sex 2.5 points, pneumonec-

tomy (as opposed to lesser resection) 3 points. For the purpose of this study,

patients were grouped according to the risk classes proposed in the original

study,1 with the exception of patients with a score of 7 points or higher were

grouped into a single class (class D) for numerosity reason. As a conse-

quence, the patients in this study were categorized into 4 risk classes ac-

cording to their Eurolung scores (Class A: 0-2.5, class B: 3-5, class C:

5.5-6.5 and class D: 7-11.5).

Follow-up information (including date and cause of death) was obtained

by data retrieved from the centralized electronic clinical information sys-

tem of the hospital, which records the date of death and any medical treat-

ment or access to care including occurred in other regional Hospitals. All

patients were followed up through August 2019. Median follow-up was

802 days (interquartile range, 396-1297). No patient was lost at follow-

up. Survival was defined as the interval between surgery to death or last

contact. Overall survival (OS) was measured from the date of surgery to
rdiovascular Surgery c Volume 161, Number 3 777
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the date of death and censored at the date of last follow-up for survivors.

DSS was measured from the date of surgery to the date of death from

lung cancer and censored at the date of last follow-up for survivors or

the date a patient died of causes other than lung cancer. Survival distribu-

tion was estimated by the Kaplan–Meier method and compared between

groups using the log-rank test.

A Cox proportional hazard regression was used to assess the association

of EurolungwithOS adjusting for other prognostic factors such as pTand pN

stage, predicted postoperative carbon monoxide lung diffusion capacity-

predicted postoperative carbon monoxide lung diffusion capacity, Eastern

Cooperative Oncology Group performance score, and other comorbidities

(coronary artery disease, cerebrovascular disease, diabetes, chronic kidney

disease). Comorbidities were defined according to the joint European Soci-

ety of Thoracic Surgery/Society of Thoracic Surgeons definitions.8

A competing regression analysis adjusting for pT, pN stage, and patient-

related variables was used to test the independent association of Eurolung

with DSS where the competing event was considered death from cancer

other than lung cancer or death from causes other than cancer. The associ-

ation between variables and hazard of lung cancer death was estimated us-

ing the Fine and Gray competing risk model.9 All tests were performed on

Stata 15.1 statistical software (Stata Corp LP, College Station, Tex).
RESULTS
Table 1 reports the baseline characteristics of the patients

included in this study. A total of 55 patients died within
30 days from operation (4%). Three-year OS was 72%
(95% confidence interval [CI], 69-75), 42% (95% CI,
32-52), and 81% (95% CI, 70-88) for lobectomies, pneu-
monectomies, and segmentectomies. There were 998 pa-
tients alive at the time of last follow-up. A total of 449
patients were alive at more than 3 years after surgery.
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FIGURE 1. Kaplan–Meier OS estimates after lung cancer resection stratified b

lung risk categories are associated with worse prognosis (log-rank test P<.00
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The median Eurolung score was 2.5 (interquartile range,
1-4.5) and ranged from 0 to 11.5 points. Most patients were
in class A (52%) and B (33%), 8%were in class C, and 7%
were in class D. There was an incremental 30-day mortality
rate across the Eurolung categories (A: 0.9%, B: 5.4%, C:
9.7%, and D: 14%, P<.0001).

Three-year OS decreased across the Eurolung classes (A:
78% (95% CI, 74-82); B: 61% (95% CI, 55-66); C: 40%
(95% CI, 29-50); D: 36% (95% CI, 29-44), log rank
P<.0001 (Figure 1). Pairwise comparisons between Euro-
lung classes (after Bonferroni adjustment for multiple com-
parisons) showed that there was a significantly (P<.008)
higher incremental risk of death from all causes by
increasing class of risk with the exception of classes C
and D, which had similar OS.

Likewise, 3-year DSS decreased across the Eurolung
classes (A: 91% (95% CI, 88-93); B: 85% (95% CI, 80-
89); C: 63% (95% CI, 50-74); D: 65% (95% CI, 50-77),
log rank P<.0001). Pairwise comparisons between Euro-
lung classes (after Bonferroni adjustment for multiple com-
parisons) showed that there was a significantly (P<.008)
higher incremental risk of death from lung cancer by
increasing class of risk with the exception of classes C
and D, which had similar DSS.

The score stratified well the 3-year OS in patients
with pT1 (P < .0001) or pT greater than 1 (P < .0001)
(Figure 2, A and B). In addition, the different classes were
associated with incremental risk of long-term mortality in
2 3
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FIGURE 2. Kaplan–Meier OS estimates after lung cancer resection stratified by Eurolung risk classes showing a worse survival in higher Eurolung classes

of risk either in patients with pT 1 stage, P<.0001 (A) and in those with pT greater than 1 stage, P<.0001 (B). Shaded areas represent 95% CIs.
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patients with negative nodal disease (P<.0001) and in those
with positive nodes (P ¼ .0007) (Figure 3, A and B).

Patients with positive lymph nodes and in class A had a
3-year OS of 65% (95% CI, 52-75), whereas patients in
class D had 39% 5-year OS (95% CI, 26-52). Patients
with the most unfavorable scenario (pT stage greater
The Journal of Thoracic and Ca
than 1 and positive lymph nodes) showed 55% 3-year
OS in class A (95% CI, 38-70), 53% in class B (95%
CI, 37-67), 33% in class C (95% CI, 17-50), and 37%
in class D (95% CI, 23-51).
On the other hand, patients with pT1N0 stage in class

D had 51% 3-year survival (95% CI, 12-81), whereas
rdiovascular Surgery c Volume 161, Number 3 779
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FIGURE 3. Kaplan–Meier OS estimates after lung cancer resection stratified by Eurolung risk classes showing a worse survival in higher Eurolung classes

of risk either in patients with pN0 stage, P<.0001 (A) and in those with pN positive stage, P ¼ .0005 (B). Shaded areas represent 95% CIs.

Thoracic: Lung Cancer Brunelli et alT
H
O
R

those in class A, B, and C had 84% (95% CI, 78-88),
85% (795% CI, 8-91), and 67% (95% CI, 33-86),
respectively.

ACox proportional hazard regression to adjust for pTand
pN stage and other patient-related factors showed that
Eurolung aggregate score as a whole covariate remained
780 The Journal of Thoracic and Cardiovascular Surg
significantly associated with 3 year OS (hazard ratio, 1.2;
95% CI, 1.1-1.2; P<.0001, Harrel’s C concordance statis-
tics 0.70) (Table 2).

A competing regression analysis (where the competing
events were death from cancer other than lung cancer or
death from causes other than cancer) confirmed the
ery c March 2021



TABLE 2. Results of the Cox hazard regression analysis to verify the

independent association of Eurolung aggregate score with 3-year

overall survival

Variables HR SE P value 95% CI

Eurolung class

Class A (no. 702) Reference

Class B (no. 446) 1.8 0.2 <.0001 1.4-2.4

Class C (no. 113) 2.5 0.5 <.0001 1.8-3.6

Class D (no. 98) 2.6 0.5 <.0001 1.8-3.8

ppoDLCO 0.98 0.003 <.0001 0.98-0.99

pT>1 1.6 0.2 <.0001 1.3-2.1

pN positive 1.7 0.2 <.0001 1.4-2.2

Eurolung levels have been fitted as separate covariates. Only independent predictors

with P<.1 are displayed. Other variables used in the regression analysis: coronary

artery disease, cerebrovascular disease, chronic kidney disease, performance score,

and diabetes. HR, Hazard ratio; SE, standard error; CI, confidence Interval;

ppoDLCO, predicted postoperative carbon monoxide lung diffusion capacity.
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independent association of the Eurolung score as whole co-
variate with 3-year DSS adjusting for pT and pN status and
other patient-related factors (hazard ratio, 1.1; 95% CI,
1.03-1.18; P ¼ .006) (Table 3).

Figure 4 shows the cumulative incidence of lung
cancer–specific death in patients with different Eurolung
categories. There is a progressively increasing risk of lung
cancer death by Eurolung class of risk.

The score stratified the 3-year DSS in patients with pT
greater than 1 (P < .0001), with negative nodal disease
(P¼ .0001) and in thosewith positive nodes (P¼ .019). In pa-
tientswithpT1disease, thedifferent classesofEurolungaggre-
gate score were not associated with different DSS (P ¼ .29).

Patients with positive lymph nodes and in class A had a
3-year DSS of 74% (95% CI, 61-84), whereas patients in
class D had 60% 3-year DSS (95% CI, 42-74). Patients
TABLE 3. Results of the competing regression analysis to verify the

independent association of Eurolung aggregate score with 3-year

disease-specific survival (competing risk: death from other cancers

or death from noncancer causes)

Variables Cause-specific HR SE P value 95% CI

Eurolung class

Class A (no. 702) Reference

Class B (no. 446) 1.4 0.3 .08 0.95-2.2

Class C (no. 113) 2.4 0.6 .001 1.4-4.0

Class D (no. 98) 1.6 0.5 .15 0.9-2.9

PS>1 1.6 0.4 .049 1.0-2.6

pT>1 1.8 0.4 .004 1.2-2.6

pN positive 2.7 0.5 <.0001 1.9-4.0

Eurolung levels have been fitted as separate covariates. Only independent predictors

with P<.1 are displayed. Other variables used in the regression analysis: coronary

artery disease, cerebrovascular disease, chronic kidney disease, diabetes, ppoDLCO.

HR, Hazard ratio; SE, standard error; CI, confidence interval; PS, performance score.

The Journal of Thoracic and Ca
with negative nodal disease in class D had a 3-year DSS
of 71% (95% CI, 42-88) compared with patients in class
A who had a DSS of 93% at 3 years (95% CI, 90-95).

DISCUSSION
Background and Rationale
The Eurolung score was developed to stratify the risk

of postoperative 30-day morbidity and mortality.1 The
model includes several patient-related and surgical-
related variables such as age, gender, ppoFEV1, BMI,
extent of resection, and surgical access. Some of these
factors are clearly associated with patient frailty and co-
morbidities, and others reflect the complexity of the oper-
ation often dictated by the locally advanced stage of
disease. In addition, the extent of surgery may lead to
further disabilities leading in turn to increased long-
term morbidity and mortality. For this reason, we hypoth-
esized that a cumulative score such as Eurolung may be
associated not only with short term outcome but also
with long-term survival after curative surgery. The ratio-
nale is to develop an additional tool that can be used in
combination with the most traditional oncologic prog-
nostic factors (eg, stage of disease) to enhance the predic-
tion of long-term mortality to more specifically tailor
curative treatment to individual patients.

Main Finding
The main finding of this study was that the Eurolung

aggregate score was associated with an incremental risk
of long-term overall and lung cancer–specific mortality. Pa-
tients in class D had 64% and 73% 3- and 5-year overall
mortality rate, which was 3-fold higher than the one
observed in class A (with the lowest risk).
The incremental risk of long-term death is in line with the

incremental risk of perioperative mortality shown in the
original study1 and found in this set of patients. This is in
part explained by the fact Eurolung is composed by factors
reflecting the general fitness and frailty of patients, which
may have an impact not only on the short-term outcomes
but also on the long-term survival. Older age, reduced pul-
monary function, and lower BMI encapsulating the risk of
sarcopenia, as well as being a potential marker of more
advanced disease, are well-known adverse prognostic fac-
tors in patients with lung cancer. Even more interesting is
the finding that Eurolung is associated with lung cancer–
specific mortality. This may be explained by the fact Euro-
lung could represent a surrogate for more aggressive and
advanced disease that in turn portend a worse prognosis.
In fact, factors such as open surgery and pneumonectomy
(as opposed to lesser resection), which both have high
scores in the Eurolung calculation may reflect a locally
advanced stage of disease necessitating more complex
operation. However, the effect of these more complex or
extended procedure itself may have a negative impact on
rdiovascular Surgery c Volume 161, Number 3 781
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prognosis leading to increased risk of deaths for cardiopul-
monary complications. For instance, pneumonectomy
has been associated with increased risk of long-term
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mortality.10-14 Additionally, physiologic variables may be
associated with cancer progression. There is a cumulating
body of evidence showing that better physical fitness is
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associated with reduced risk of cancer-specific mortality
and all-cause mortality.15-18

In patients with lung cancer, some markers of impaired
physical condition and general deconditioning have
been reported to be associated with long-term survival af-
ter surgery.2-6 Even the patient’s perception of physical
functioning and well-being has been found to be associ-
ated with overall and cancer specific survival after
surgery.19,20

Better physical functioning and performance status may
positively influence physiologic outcomes associated with
cancer, such as a reduction in body weight and composition,
and beneficial changes in metabolic and sex hormones,
growth factors, adipokines, immune function, or
inflammation that can potentially affect survival.21-23 In
addition, a worse physical condition at the time of
surgery may negatively affect the compliance with
postoperative systemic treatments in more advanced
stages of cancer (ie, adjuvant chemotherapy) leading to
poorer outcomes.

In our study, one of the most important findings was the
excellent survival of patients in the lowest class of risk
despite their locally advanced stage of disease and the
very poor prognosis of patients with early-stage disease in
the highest class of risk. This highlights the importance of
taking into account patient-related and treatment-related
factors in addition of TNM staging to refine prognostic
stratification after curative therapy.

The concept of using risk models including patient- and
treatment-related variables to stratify the prognosis after
lung cancer resection has been tested in previous
studies.20,24-27 In general, these studies showed that these
“mixed models” were able to stratify both the risk of all-
cause death and lung cancer–specific death, in line with
our findings.

Study Limitations
The study may have potential limitations. First, the Euro-

lung was not specifically developed to predict long-term
survival. The different factors compounding the score
were originally weighed on their association with postoper-
ative 30-day mortality. Unfortunately, the ESTS database
does not collect long-term follow-up, preventing the devel-
opment of a more specific score for survival. Although the
use of a score to stratify prognosis is appealing, it must be
interpreted with caution because it likely represents a surro-
gate measure of patient frailty and extent of disease. It
would be desirable that more precise parameters or mea-
sures be developed and used in the future to improve prog-
nostic stratification after curative treatment of lung cancer.
The International Association for the Study of Lung Cancer
has recently recognized this need and expanded their stag-
ing committee to include a prognostic subcommittee with
the aim to identify methods and instruments to develop
The Journal of Thoracic and Ca
specific prognostic models incorporating patient, tumor,
environment, and treatment-specific factors (https://www.
iaslc.org/About-IASLC/IASLC-Committees). Although
Eurolung has proven to be associated with OS and DSS,
to be reliably used in the context of multifactorial prog-
nostic instruments, it needs to be recalibrated to that specific
outcome. Larger samples are needed to perform such reca-
libration and perhaps incorporate additional prognostic
factors.
Generalization of the present findings to other centers

require further confirmatory analyses because treatment
variability may play an important role in long-term prog-
nosis after curative resection for lung cancer. In addition,
the 30-day mortality rate observed in the current series ap-
pears slightly higher than the one commonly reported in the
most recent periods from international databases. This in-
formation needs to be accounted for when interpreting the
results.
Eurolung incorporates variables related to the

preoperative and operative phases. Postoperative factors
influencing the physical and emotional status of the patient
may also affect prognosis, but these are not captured in the
Eurolung.
Only 98 patients were in the highest risk class. For this

reason, all patients with a score of 7 or higher were
collapsed into a single class (class D). That explains why
in this study the aggregate Eurolung includes only 4 classes
at variance with the original 7 classes.1 A larger sample size
may allow amore granular analysis in the highest risk group
of patients and refine their risk stratification.

CONCLUSIONS
The Eurolung aggregate score was associated with over-

all and DSS after curative resection for cancer. This associ-
ation held after adjustment for pathologic T and N stages.
The current analysis may represent valuable data to support
and inform future studies on larger groups of patients aimed
at developing specific multifactorial mixed prognostic
models incorporating patient-related, treatment-related,
and tumor-related factors to assist in refining the prognostic
stratification in patient candidates with lung cancer to cura-
tive treatment (Figure 5).
Our findings may be valuable in the shared decision-

making process when discussing with patients their treat-
ment options allowing to manage their expectations with
surgery. The score can inform on both short- and long-
term outcomes. The score can inform the multidisciplinary
discussion assisting in the selection of the most appropriate
curative treatment in high-risk patients. As an example, dur-
ing the period of maximum resource limitation imposed by
the Coronavirus Disease 2019 pandemic, we have started to
use this score in the multidisciplinary discussion to triage
patients for surgery balancing surgical risk and surgical
and intensive care capacity.
rdiovascular Surgery c Volume 161, Number 3 783
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Webcast
You can watch a Webcast of this AATS meeting presenta-
tion by going to: https://aats.blob.core.windows.net/media/
20AM/Presentations/Eurolung%20Risk%20Score%20is
%20Associated%20wi.mp4.
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Discussion
Presenter: Dr Alessandro Brunelli

Dr John A. Howington (Nashville,
Tenn). Your findings of worse out-
comes with pneumonectomy and low
BMI add to the other bodies of evi-
dence showing poor outcomes in these
groups. The findings of worse long-
term outcome with open thoracotomy
approach and male sex are thought pro-

voking. As an example, a 71-year-old man with good lung
ery c March 2021
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function treated with an open thoracotomy lobectomy has a
score of 6 and meets group 3 criteria, with profoundly
reduced long-term survival independent of pathologic
T stage and independent of node negative status or pT1.
We know female sex portends worse outcome in cardiac
surgery procedures and many critical care trials. To what
do you attribute the dichotomy of significantly worse
short-term and long-term outcomes in men with lung cancer
treated with surgical resection?

Dr Alessandro Brunelli (Leeds, UK).
This is an important point. I would
like to point out that we didn’t want
to recalibrate Eurolung on our popula-
tion; we didn’t isolate the individual
factors compounding the Eurolung.
So we don’t really know whether these
individual factors taken in isolation are

associated with long-term prognosis as they arewith periop-

erative mortality.

The simple reason why we didn’t do this is because we
think we don’t have the sufficient number of events and
the dataset to recalibrate the score on a long-term survival.
What I can say for male sex, for instance, there have been
some reports associating male sex with poor prognosis
and they explain this in part with cultural reasons, especially
in settings where the screening programs are not imple-
mented; perhaps male patients tend to present at a later
stage with more advanced disease. Also, it is well-known
that male patients have a propensity for having severe co-
morbidities, such as ischemic heart disease, cerebrovascular
disease, and other comorbidities that may have an impact on
OS.

The other explanation I can think of is that perhaps the
tumor in female patients may have more favorable histolog-
ic or genetic profiles that are associated with a more favor-
able prognosis in this gender.

Dr Howington. My next question relates to long-term
outcomes. We are well aware of the data showing worse
short-term outcomes with an open thoracotomy for lung
cancer resection patients. However, your data will suggest
a worse long-term outcome after a thoracotomy approach,
despite matched pathologic stage of disease. To what do
you attribute this worsened outcome? Can you tell from
your data whether fewer patients after thoracotomy
completed planned adjuvant chemotherapy or other
interventions?

Dr Brunelli. It is difficult to draw conclusions on indi-
vidual factors of the Eurolung. However, the thoracotomy
may be a surrogate variable for a more complex operation
in more advanced or locally advanced disease. We have
stratified the pathologic T stage, but simply by dividing
the group in pT ¼ 1 or greater than 1. We may have used
a thoracotomy for a tumor larger than 5, 6 cm or a tumor
invading neighboring structures or for a sleeve resection.
The Journal of Thoracic and Ca
All these operations performed for more locally advanced
tumors are associated with a worse prognosis.
Regarding the adjuvant chemotherapy, obviously in a

retrospective series, it is difficult to retrieve the exact indi-
cations to adjuvant chemotherapy and especially the rea-
sons why patients didn’t undergo adjuvant chemotherapy.
We looked at those patients with the pathologic N1 and
pathologic N2 disease, which is a more clear-cut indication
for adjuvant chemotherapy. We didn’t find any difference in
terms of receiving chemotherapy after surgery between tho-
racotomy and minimally invasive surgery in our series.
Dr Howington. Have you altered your current approach

to informed consent discussions with your patients? So
when you’re talking to a male patient who has moderate
chronic obstructive pulmonary disease and may require an
extended resection, is that altered—how you’re having the
discussion, and weighing, say, chemotherapy and radiation
as an option versus surgical resection—particularly if it re-
quires an open approach?
Dr Brunelli. The simple answer is yes. We have incorpo-

rated this score to provide more realistic and complete in-
formation to patients during consultation—and also
during multidisciplinary discussion in tumor boards.
I think it is relevant to balance perioperative risk and

long-term survival, especially in high-risk patients. This is
the information that patients often ask about, at least in
our setting, and what we wanted to develop was a ready-
made instrument that could inform the discussion. So yes,
we are currently using this instrument to inform shared de-
cision-making and informed consent.
Dr Howington.Again, thank you for an outstanding pre-

sentation and for adding to our knowledge and understand-
ing about managing patients with lung cancer. And I
appreciate the opportunity to be a discussant.

Dr Benjamin D. Kozower (St Louis,
Mo). A huge issue in the United States
right now is data fatigue—the amount
of data entry that data managers and
faculty have to enter is incredible. So
you have taken a very different
approach. You have a model that is
parsimonious using only 6 covariates

to predict your outcomes. Do you recall what percent of
rdiovascular Surg
the predictive capacity of the total model you have just us-
ing these 6 variables?
Dr Brunelli. The reason why we developed the parsimo-

nious model is exactly the one you mentioned. The original
Eurolung mortality model included 9 variables, so we
thought that this was limiting the participation in the data-
base and in the ESTS accreditation program. For this
reason, we wanted to produce an easier, more user-friendly
model without losing the predictive ability. In fact, the C-in-
dexes of the parsimonious morbidity and mortality models
remained similar to the original ones.
ery c Volume 161, Number 3 785
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I believe the C-index is approximately 0.78. In any case,
it is similar to the original model containing 9 variables. I
appreciate by reducing the number of variables we may
lose some information, especially in patients with cardiac
risk, because there are no cardiac risk variables in the parsi-
monious model. However, with regard to the larger popula-
tion-based risk prediction, the 2 models are similar.

Dr Kozower. That’s great. With the current pandemic,
there is great concern in the quality of data entry and kind
of an opportunity for that. Are there any steps being taken
by you and your team?

Dr Brunelli. Well, not specifically. We have a data man-
ager now in our unit and in fact, her work is now simplified
because we are operating fewer cases at the moment. We are
at a very low capacity. We have reduced capacity from 11
surgical theaters a week to only 3. This translates into
perhaps 4 or 5 lung resections per week as a team. So, the
data entry work is simplified in this regard. In relation to
the Covid situation, there is a global registry collecting
data on patients operated during this critical period and is
UK-based (CovidSurg). We are inputting data in this registry
to understand how the cancer pathways have been altered by
the Covid situation—and this represents a double entry of
data because it’s a totally different registry from our institu-
tional one. However, we think it is valuable to understand the
changing practice we are undergoing at the moment.
786 The Journal of Thoracic and Cardiovascular Surg
Dr Elliot L. Servais (Burlington,
Mass). I did notice that you controlled
in your regression analysis for patho-
logic N and T stage. What I didn’t
hear is whether you included sublobar
resections in this analysis, and also
whether there was any control for
completeness of resection—maybe

nodal stations harvested, number of nodes, and so forth.
ery c March 2021
Is there a possibility that somebody who is less fit with a
worse Eurolung score undergoes a less aggressive resection,
less lymph node harvest, maybe sublobar resection that
could affect outcomes?

Dr Brunelli. Yes, we included segmentectomies. These
are anatomic resections. We didn’t include wedges. The
segmentectomies are probably 5%, 7% of the total number
of resections in our unit.

Unfortunately, there is no control in terms of number
of lymph nodes because we don’t collect that information
in our database. We collect the type of lymphadenectomy
based on the European definition. So systematic dissec-
tion versus lobar-specific sampling. Perhaps we can
adjust these factors as well to ensure that we control,
but at least there is a proper staging when we stratify
by pathologic N status. Indeed, these are the data we
have at hand.


