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ABSTRACT

Background: This study aimed to assess the clinical relevance of the parsimonious Eurolung
risk scoring system for predicting postoperative morbidity, mortality, and long-term survival
in Korean patients with surgically resected non-small cell lung cancer.

Methods: This retrospective analysis used the data of patients who underwent anatomical
resection for non-small cell lung cancer between 2004 and 2018 at a single institution. The
parsimonious aggregate Eurolung score was calculated for each patient. The Cox regression
model was used to determine the ability of the Eurolung scoring system for predicting long-
term outcomes.

Results: Of the 7,278 patients in the study, cardiopulmonary complications and mortality
occurred in 687 (9.4%) and 53 (0.7%) patients, respectively. The rate of cardiopulmonary
complications and mortality gradually increased with the increase in the Eurolung risk scores
(all P<0.001). When risk scores were grouped into four categories, the Eurolung scoring
system showed a stepwise deterioration of overall survival with the increase in risk scores,
and this association was statistically significant (P < 0.001). Multivariate Cox analysis showed
that the Eurolung scoring system, classified into four categories, was a significant prognostic
factor of overall survival even after adjusting for covariates such as tumor histology and
pathological stage (P < 0.001).

Conclusion: Stratification based on the parsimonious Eurolung scoring system showed

good discriminatory ability for predicting postoperative morbidity, mortality, and long-term
survival in South Korean patients with surgically resected non-small cell lung cancer. This
might help clinicians to provide a detailed prognosis and decide the appropriate treatment
option for high-risk patients with non-small cell lung cancer.

Keywords: Eurolung Risk Score; Lung Cancer; Surgery; Postoperative Complication

INTRODUCTION

Despite continuous advances in diagnosis and treatment, lung cancer remains the most
frequent cause of cancer-related deaths worldwide.! In Korea, the mean age of patients
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undergoing surgery for lung cancer has increased gradually, and the number of comorbidities
per patient has also increased.2 The proportion of patients with stage I cancer is more than
50% among those undergoing surgery for non-small cell lung cancer (NSCLC), and this
proportion is still increasing.2 Considering the alternatives to surgery such as stereotactic
body radiation therapy in high-risk patients, the importance of accurate prediction of the
surgery-related morbidity and mortality is increasing.

In 2016, Eurolung risk models were developed to predict the risk of cardiopulmonary
morbidity and mortality after surgery for NSCLC. These were based on the European
Society of Thoracic Surgeons (ESTS) database comprising 48,000 patients.3 However, the
disadvantage of these models was the need for numerous variables to calculate the risk;
hence, their clinical utility was limited. To resolve this problem, the ESTS group recently
created the parsimonious Eurolung risk models using simplified variables.4 Furthermore,
these models have been reported to have significant reliability in predicting long-term
survival outcomes.> However, the limitation of these models is that they were developed
based on the data of the European population and were externally validated on the same
population. Thus, it is essential to perform an external validation of these models among
other populations of different races, such as Asians.

In this study, we sought to evaluate the clinical relevance of the parsimonious Eurolung risk
scores in a Korean population with surgically resected NSCLC and to assess their utility as
predictive indicators for the prognosis.

METHODS

Patients

We enrolled patients who underwent pulmonary resection for primary NSCLC at the Asan
Medical Center, Seoul, Korea, between January 2004 and December 2018. Patients who
underwent wedge resection or surgery for diagnostic intent were excluded from the study.
In addition, patients who received neoadjuvant therapy, which is thought to have different
risks related to surgery, were excluded. Patients with any other concurrent malignancy were
also excluded when analyzing the long-term survival outcomes. The pathological staging of
NSCLC was based on the recommendations by the 8th edition American Joint Committee on
Cancer in a retrospective manner.® Tumor histology was categorized according to the World
Health Organization classification.” Lobectomy with systematic lymph node dissection was
adopted as a standard procedure for primary lung cancer; however, segmentectomy was
performed in some old patients and those with borderline lung function and early-stage
adenocarcinoma. Surgical resection was performed in patients with clinical stage I-1IIA,
including N2 node metastasis. All patients were followed up either until death or the last
follow-up date of the study (March 1, 2021).

Follow-up information of all the patients was obtained from the notes of the clinical follow-
up, which was conducted every 3-6 months during the first 2 years after surgery and every
6-12 months thereafter. Chest computed tomography scans were performed at the time of
clinical visits or at any time when disease recurrence was suspected. Treatment modalities
and chemotherapeutic regimens in cases with relapse were determined at the discretion of
the attending physician.
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Definitions

The residual pulmonary function was estimated as follows: it is assumed that the lungs in a
normal individual have a total of 19 segments (right upper lobe: 3, right middle lobe: 2, right
lower lobe: 5, left upper lobe: 3, lingula: 2, lower left lobe: 4 segments), each contributing
equally to ventilation that is 1/19 (nineteenth part).8 Thus, the predicted postoperative

forced expiratory volume in 1 second (ppoFEV1) and diffusing capacity of carbon monoxide
(DLCO) were calculated as follows: preoperative FEV1 or DLCO x (19 segments — the number
of segments to be removed during the surgery) +19. Cardiopulmonary complications
fundamentally complied with the terminology of the ESTS and Society of Thoracic Surgeons,
which included the following: prolonged air leak (lasting more than 7 days), airway

stenosis, atelectasis, pneumonia, acute respiratory distress syndrome, bronchopleural
fistula, pulmonary embolism, pulmonary edema, respiratory failure requiring reintubation,
empyema, recurrent laryngeal nerve palsy, phrenic nerve palsy, chylothorax, postoperative
bleeding, atrial arrhythmia, myocardial infarction, stroke, and acute renal failure.49
Extended resection was defined as follows: 1) chest wall resection, 2) Pancoast tumors, 3)
resection of the atrium, superior vena cava, aorta, diaphragm, or vertebra, 4) bronchial sleeve
resection, 5) pleuropneumonectomy, 6) sleeve pneumonectomies, or 7) intrapericardial
pneumonectomy. Mortality was defined as death within 30 days after surgery or death
occurring at any time during the same hospital stay. The overall survival (OS) was calculated
as the time interval between the date of surgery and the date of death, which was determined
by reviewing the patient records from the Korean National Security Death Index Database.
Aggregate Eurolungl (morbidity) and Eurolung2 (mortality) scoring systems were developed
by assigning proportional weightages of the predictors estimates, which are listed in the
Eurolung model,4 assigned a value of 1 to the smallest coefficient. Thus, the Eurolungl score
was calculated as a sum of the points based on the following variables: 1 point for age > 70
years and ppoFEV1 < 70%; 1.5 points for male sex and extended resection; and 2 points for
open surgery (as opposed to minimally invasive surgery) (Table 1). For the Eurolung? system,
age > 70 years and ppoFEV1 < 70% were assigned 1 point; male sex, open surgery (as opposed
to minimally invasive surgery), and body mass index (BMI) < 18.5 kg/m? were assigned 2.5
points; and pneumonectomy was assigned 3 points (Table 1).

Table 1. Aggregated risk scores of Eurolungl (cardiopulmonary morbidity) and Eurolung2 (mortality) based on
their regression coefficient in the parsimonious Eurolung2 risk model

Variables Points

1) Eurolung1 risk score (cardiopulmonary morbidity)
Age > 70yr 1
PPOFEV1 < 70% 1
Male sex 1.5
Extended resection 1.5
Thoracotomy (vs. VATS) 2
Total 7

2) Eurolung? risk score (perioperative mortality)
Age > 70 yr 1
PPOFEV1 < 70% 1
Male sex 2.5
BMI < 18.5 kg/m? 2.5
Thoracotomy (vs. VATS) 2.5
Pneumonectomy (vs. lesser resections) 3
Total 12.5

BMI = body mass index, ppoFEV1 = predicted postoperative forced expiratory volume in 1second, VATS = video-
assisted thoracic surgery.
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Statistical analyses

Continuous variables are presented as means and standard deviations, and categorical
variables are presented as frequencies and percentages. The normality of individual
distributions of the parameters was assessed using the Shapiro-Wilk test. Student’s t-test or
the Wilcoxon rank-sum test was used for the comparison of continuous variables between
the two groups, and the y? or Fisher’s exact test was used for categorical variables between
the two groups. The area under the receiver operating characteristic curve (AUC) is presented
as a statistical indicator for quantifying the discrimination ability of the scoring system.

The Hosmer-Lemeshow test for the goodness-of-fit was used for calibration of the logistic
regression model.

To determine the long-term prognostic ability of the Eurolung2 scoring system, we
conducted a survival analysis of patients who underwent complete resection for stage I, II,
and III NSCLC. The Kaplan-Meier method was used to analyse OS, and their differences were
assessed using the log-rank test. For multiple comparisons of the survival curves (> 3 curves),
Bonferroni correction was applied to calculate the Pvalues in the log-rank test. A Cox
proportional-hazards model was used for the univariate and multivariate analyses to identify
the prognostic ability of the Eurolung? scoring system.

All statistical calculations were performed with R, version 4.0.2 (The R Foundation for
Statistical Computing, Vienna, Austria), using the Survival, ggplot2, GGally, survminer, and
rms packages. P < 0.05 was considered significant.

Ethics statement
This retrospective study was approved by the Asan Medical Center Ethics Committee/Review
Board, and this center waived the need for informed consent (approval No. 2021-0544).

RESULTS

Patient characteristics

The median follow-up period was 53.6 + 35.9 months. The clinicopathological characteristics
of the patients are summarized in Table 2. A total of 7,278 patients were enrolled in this study.
There were 1,531 (21.0%) patients aged > 70 years and 159 (2.2%) patients with BMI < 18.5
kg/m?. In addition, 3,659 patients had ppoFEV1 < 70%. Lobectomy was performed in 5,957
patients (81.8%), and video-assisted thoracoscopic surgery was performed in 4,646 patients
(63.8%). In terms of the pathological stage, there were 3,999 (54.9%), 1,554 (21.4%), 1,560
(21.4%), and 159 (2.2%) patients with stage I, II, III, and IV disease, respectively.

Short-term outcomes

Regarding cardiopulmonary complications, 687 (9.4%) patients had a cardiopulmonary event
regardless of event grade, the details of which are summarized in Supplementary Table 1. Fifty-
three (0.7%) patients died within 30 days after surgery or at any time during the same hospital
stay. The rate of cardiopulmonary complications gradually increased with the increase in the
Eurolung] risk score (P < 0.001) (Fig. 1A). A similar trend was observed in the mortality rate
(P<0.001) (Fig. 1B). The AUC was 0.623 and 0.815 for the Eurolungl and Eurolung?2 scores,
respectively (Fig. 2). The Hosmer-Lemeshow tests of the two models were not significant (P=
0.442 for the Eurolungl and 0.390 for the Eurolung?2 scoring system).

https://doi.org/10.3346/jkms.2022.37.e36 4/1
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Table 2. Baseline characteristics of the patients included in the study (N = 7,278)

Variable Values
Age, yr 62.3+9.5
Age > 70 yr 1,531 (21.0)
Sex (male) 4,436 (61.0)
BMI 24.1+ 3.0
BMI < 18.5 kg/m? 159 (2.2)
CVvD 481 (6.6)
CAD 192 (2.6)
CKD 65 (0.9)
Pulmonary function
FEV1 (%) 89.0+15.9
PPOFEV1 < 70% 3,659 (50.3)
DLCO (%) 88.1+17.7
ppoDLCO < 70% 3,904 (53.6)
Resection extent
Segmentectomy 605 (8.3)
Lobectomy 5,957 (81.8)
Bilobectomy 314 (4.3)
Pneumonectomy 232 (3.2)
Sleeve lobectomy 170 (2.3)
Surgical approach
VATS 4,646 (63.8)
Thoracotomy 2,329 (32.0)
Conversion to thoracotomy 303 (4.2)
Resection status
Complete 6,923 (95.1)
Microscopic 270 (3.7)
Macroscopic 85 (1.2)
Histology
Adenocarcinoma 5,063 (69.6)
Squamous cell carcinoma 1,728 (23.7)
Others 487 (6.7)
Pathological stage
Stage | 3,999 (54.9)
Stage Il 1,554 (21.4)
Stage IIl 1,560 (21.4)
Stage IV 159 (2.2)
Not assessable 6(0.1)

Values are presented as numbers (%) or means + standard deviations, unless otherwise indicated.

BMI = body mass index, CVD = cerebrovascular disease, CAD = coronary artery disease, CKD = chronic kidney
disease, FEV1 = forced expiratory volume in 1second, ppoFEV1 = predicted postoperative forced expiratory
volume in 1 second, DLCO = diffusing capacity of carbon monoxide, ppoDLCO = predicted postoperative diffusing
capacity of carbon monoxide, VATS = video-assisted thoracic surgery.

Long-term outcomes

According to the Kaplan-Meier estimates, survival curves stratified by the Eurolung? scoring
system showed a stepwise deterioration of OS with the increase in risk scores (Fig. 3A). When the
risk scores were grouped into four categories, each group had a significantly different prognosis
(Fig. 3B). Subgroup analyses were performed for four categories of the Eurolung? scoring system
in patients with stage I, II, and IIl NSCLC (Fig. 4). Although the difference in survival between
the patients with scores 3-5 and 5.5-6.5 was not significant in stages Il and III, the Eurolung?
risk scoring system still showed a favorable discrimination ability in all the stages.

In accordance with the Cox proportional hazard analysis, the Eurolung2 scoring system,
classified into four categories, was found to be a significant prognostic factor for OS even
after adjusting for confounders such as tumor histology and pathological stage in patients
who underwent complete resection (P < 0.001) (Table 3). In addition, the higher the risk

https://doi.org/10.3346/jkms.2022.37.e36 5/M
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Fig. 1. The incidence rate of cardiopulmonary morbidities (A) and mortality (B) according to the parsimonious Eurolung risk scoring systems.
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Fig. 2. The receiver operative characteristic curves for the (A) Eurolung 1and (B) Eurolung 2 scoring systems.

score, the higher was the hazard ratio, indicating a gradual deterioration in the prognosis
with an increase in the risk score (Table 3).

DISCUSSION

In this study, we demonstrated the clinical relevance of the parsimonious Eurolung scoring
system proposed by the ESTS group. The findings from the current study indicate that the
parsimonious Eurolungl (morbidity) and Eurolung2 (mortality) scoring systems have a good
discriminatory ability for cardiopulmonary postoperative morbidity and mortality in the
Korean population as well as in the European population with surgically resected NSCLC.
Furthermore, the Eurolung2 scoring system is an independent prognosticator regardless of
tumor histology and stage and can predict the long-term prognosis.

https://jkms.org
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Fig. 3. Overall survival curves according to the parsimonious Eurolung 2 risk score. (A) By 6 categories. (B) By 4
categories.

Considering that the mean age and number of comorbidities of patients undergoing lung
cancer surgery are increasing, precise risk predictions for morbidity and mortality before
surgery are becoming extremely important. The Eurolung risk model is one of the latest
prediction models targeted for patients who have undergone surgery for lung cancer and is
based on 48,000 cases registered in the ESTS database.34 The original model was developed in
2016; however, the complexity due to the requirement of many variables has limited its access
in the clinical field.3 In 2019, an updated model with simplified variables was published, which
retained the predictive abilities of the original model.4 However, this model has not been
externally validated in an independent sample of patients so far. In this study, we performed
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Fig. 4. Survival curves for the overall survival according to the parsimonious Eurolung risk scoring systems grouped into four categories in (A) pathological stage I,
(B) stage II, and (C) stage Ill disease.
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an external validation using a large independent database from the Korean population, and
the outcomes showed good prediction ability of parsimonious Eurolung models.

Notably, we adopted the cut—off values developed in parsimonious Eurolung models,

such as age > 70 years, ppoFEV1 < 70%, and BMI < 18.5 kg/m?. To enhance simplicity and
accessibility, continuous variables are often divided into two categories based on an optimal
cut-off value in clinical practice. However, the cut-off value is a statistic estimated from

the original data, which can be unstable and have a large variation.10:11 In addition, this
estimate has a possibility of overfitting that is characterised by high accuracy for a classifier
when evaluated on the training set but low accuracy when evaluated on a separate test set.12
Nonetheless, the cut-off values of the Eurolung models were still valid in our database. We
believe that this is because these variables are standardized with respect to the method for
measurement and can be observed consistently without the influence of other factors, thus
reducing the variability.

Regarding the long-term survival outcomes, it is surprising that even for the same
pathological stage, the 5-year survival rate varied widely according to the Eurolung score
(68.7% to 93.1% in stage I, 51.4% to 78.2% in stage II, and 31.8% to 59.9% in stage III)
(Fig. 4). In the Eurolung model, several variables (age, sex, ppoFEV1, and thoracotomy)

https://doi.org/10.3346/jkms.2022.37.e36 8/Mm
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Table 3. Univariate and multivariate analysis of the long-term survival outcomes in patients with complete resection

Variables Univariate analysis Multivariate analysis
OR (95% Cl) Pvalue OR (95% Cl) P value
Age > 70yr 2.96 (2.04-2.50) <0.001
Sex (male) 1.90(1.71-2.10) <0.001
BMI < 18.5 kg/m? 1.61 (1.26-2.07) <0.001
CVD 1.44 (1.22-1.70) <0.001
CAD 1.53(1.18-1.99) 0.001
CKD 92.97 (1.56-3.30) <0.001
Pulmonary function
PPOFEV1 < 70% 1.56 (1.42-1.71) <0.001
ppPoDLCO < 70% 1.70(1.55-1.87) <0.001
Resection extent
Segmentectomy 1 Reference
Lobectomy 2.19 (1.65-2.90) <0.001
Bilobectomy 3.50(2.51-4.87) <0.001
Pneumonectomy 4.24 (3.03-5.95) <0.001
Sleeve lobectomy 2.78 (3.3-5.95) <0.001
Surgical approach
Thoracotomy 1 Reference
VATS 0.44 (0.40-0.48) <0.001
Conversion to thoracotomy 0.77 (0.62-0.96) 0.021
Histology
Adenocarcinoma 1 Reference 1 Reference
Squamous cell carcinoma 1.82(1.65-2.01) <0.001 0.98 (0.87-1.10) 0.696
Others 1.60 (1.34-1.90) <0.001 1.21 (1.02-1.45) 0.033
Pathological stage
Stage | 1 Reference 1 Reference
Stage Il 2.49 (2.21-2.80) <0.001 2.10 (1.85-2.36) <0.001
Stage IlI 4.65 (4.17-5.19) <0.001 3.78 (3.77-4.24) <0.001
Mortality score
0-2.5 1 Reference 1 Reference
3-5 2.06 (1.83-2.32) <0.001 1.77 (1.57-2.00) <0.001
5.5-6.5 2.84 (2.49-3.925) <0.001 1.95 (1.68-2.27) <0.001
7-12.5 4.66 (4.01-5.42) <0.001 3.09 (2.60-3.66) <0.001

OR = odds ratio, CI = confidence interval, BMI = body mass index, CVD = cerebrovascular disease, CAD = coronary
artery disease, CKD = chronic kidney disease, ppoFEV1 = predicted postoperative forced expiratory volume in
1 second, ppoDLCO = predicted postoperative diffusing capacity of carbon monoxide, VATS = video-assisted

thoracic surgery.

were commonly associated with morbidity and mortality, whereas some variables were
characterized as morbidity (extended resection) or mortality (BMI and pneumonectomy).4
We suppose that a higher aggregate score representing the extent of the physiologic condition
and surgical extension is associated with the postoperative complication and affects OS.
Considering that the Eurolung score is an independent prognostic factor for long-term
survival, this system provides a more precise and detailed prognosis for patients with NSCLC.
Furthermore, the Eurolung scoring system can help in deciding whether surgery should be
performed and also the surgical extent, surgical approach, and postoperative surveillance.

The current study has some limitations: 1) This was a retrospective study at a single

institution in Korea, which does not represent the general Korean population. 2) selection
bias is inherent in a retrospective analysis (e.g. the indication for surgery might vary
depending on the institution); 3) a relatively small number of patients were classified in

the highest-risk class; therefore, all patients with a score of 7 or higher were classified into

a single group, and survival analysis was performed in a total of four groups instead of the
original seven groups4; and 4) although a significant association was observed between the
rate of mortality and risk score (P < 0.001), the rate of mortality was only 0.7% (n = 53) in the
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overall cohort. Thus, the results should be interpreted with caution due to the small number
of observed events. A multicentre study is necessary to overcome the limitations of this study,
and a validation study is still suggested.

In conclusion, we demonstrated that stratification according to the parsimonious version

of the Eurolung scoring system has good discriminatory ability in terms of postoperative
morbidity and mortality in South Korean patients. This system might help clinicians in
estimating a detailed prognosis and deciding the appropriate treatment in high-risk patients
with NSCLC.
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