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Abstract

Background: Screening for early detection of lung cancer has been performed in high-risk individuals with
smoking history. However, researches on the distribution, clinical characteristics, and prognosis of these high-risk
individuals in an actual cohort are lacking. Thus, the objective of this study was to retrospectively review
characteristics and prognosis of patients with smoking history in an actual lung cancer cohort.

Methods: The present study used the lung cancer cohort of the Catholic Medical Centers at the Catholic University
of Korea from 2014 to 2017. Patients with non-small cell lung cancer were enrolled. They were categorized into
high and low-risk groups based on their smoking history using the national lung screening trial guideline.
Distribution, clinical characteristics, and survival data of each group were estimated.

Results: Of 439 patients, 223 (50.8%) patients were in the high-risk group. Patients in the high-risk group had
unfavorable clinical characteristics and tumor biologic features. Overall survival of the high-risk group was
significantly shorter than that of the low-risk group with both early (I, Il) and advanced stages (lll, IV). In multivariate
analysis, heavy smoking remained one of the most important poor clinical prognostic factors in patients with lung
cancer. It showed a dose-dependent relationship with patients’ survival.

Conclusions: High-risk individuals had poor clinical outcomes. Patients’ prognosis seemed to be deteriorated as
smoking amount increased. Therefore, active screening and clinical attention are needed for high-risk individuals.
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Background

Although the therapeutic paradigm of lung cancer has
changed drastically due to the appearance of target and
immunotherapy, advanced lung cancer still has high
mortality rate and poor prognosis [1]. In addition, be-
cause treatment cost for lung cancer is enormous, eco-
nomic burden has been one of major social problems
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[2]. Therefore, several countries have been trying to pro-
vide national screening program for early detection of
lung cancer for many years. The most representative one
is the National Lung Screening Trial (NLST) in the
United States (US). It has been conducting low-dose
computed tomography (LDCT) for high risk individuals
annually for 3 years, showing an increase of early-stage
lung cancers diagnosed and 20% of relative reduction in
mortality from lung cancer [3-5]. After this trial, the
Centers for Medicare & Medicaid Services (CMS) in the
US decided to provide lung cancer screening program to
participants aged from 55 to 77years with heavy

© The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if

changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.


http://crossmark.crossref.org/dialog/?doi=10.1186/s12885-020-07358-3&domain=pdf
http://orcid.org/0000-0003-2226-8262
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:kimskmd@gmail.com

Ban et al. BMC Cancer (2020) 20:848

smoking (at least 30 pack-years of exposure and with
smoke exposure within 15years) [6]. Another large
population-based lung cancer screening trial, the NEL-
SON trial, showed similar results [7]. In this trial, indi-
viduals who had smoked at least 15 cigarettes daily for
25 years or 10 cigarettes daily for 30 years and were still
smoking or stopped smoking less than 10 years ago were
enrolled. Among asymptomatic men at high risk for lung
cancer, CT screening led to 26% reduction in lung can-
cer deaths at 10 years of follow up. However, there could
be subtle differences in the standard of eligible smoking
amount among countries and their screening programs,
depending on health care policy and economic status of
each country. Until recently, many studies on effects of
smoking on lung cancer prognosis have been published
[8, 9], however, they focused on a specific group, such as
patients underwent surgery or they had insufficient data
for accurate smoking amount of study population. Also,
there has been little research on the distribution and
clinical features of actual lung cancer population who
meet the screening criteria.

Therefore, in this study, we classified patients in an ac-
tual lung cancer cohort according to their smoking his-
tory based on the NLST eligible criteria. The objective of
this study was to retrospectively review characteristics
and prognosis of these patients according to smoking
amount.

Methods

Data source

Since October 2014, seven hospitals of the Catholic Uni-
versity of Korea have consecutively enrolled lung cancer
patients. The seven university hospitals are Seoul St.
Mary’s Hospital, Yeouido St. Mary’s Hospital,
Eunpyeong St. Mary’s Hospital, Uijeongbu St. Mary’s
Hospital, Bucheon St. Mary’s Hospital, Incheon St.
Mary’s Hospital, and St. Vincent’s Hospital. The Catholic
Medical Center (CMC) lung cancer registry was formed
by these seven university hospitals. The CMC lung can-
cer registry registered patients’ symptoms, comorbid dis-
eases, quality of life, and smoking history (smoking
status, amounts, and cessation duration) through a same
questionnaire at the time of lung cancer diagnosis (Sup-
plementary 1). Smoking status was defined as our previ-
ous work [10, 11]. Current smoker was defined a patient
who continued smoking upon diagnosis or stopped
smoking less than 1 month before diagnosis of lung can-
cer. Ex-smoker was defined as a patient who had
stopped smoking at least 1 month before the diagnosis.
Never smoker was defined a patient who had never
smoked or had smoked fewer than 100 cigarettes in their
lifetime. Pulmonary function tests were carried out fol-
lowing the American Thoracic Society/European Re-
spiratory Society standardization guidelines. By qualified
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data managers, clinical information including stage,
pathology, treatment modality, and survival were system-
atically recorded to improve the accuracy of data. Re-
searchers were permitted to conduct this study by
accessing dataset newly assigned with a serial number
whose personal information was removed. This study
was approved by the Clinical Research Ethics Committee
of the Catholic Medical Center (approval number:
XC140IMI0070).

Study population

We screened 749 patients newly diagnosed with primary
lung cancer registered in the CMC lung cancer registry
from October 2014 to July 2018. Patients with small cell
lung cancer and those aged below 55 years or over 77
years were excluded. Those with incomplete smoking
history or clinicopathological data were also excluded. A
total of 439 patients were enrolled in this study. They
were divided into two groups according to their smoking
status and lifetime smoking exposure. Patients with a
smoking history of over 30 pack-years and former
smokers with less than 15 years after smoking cessation
were classified as high-risk group. Others were classified
as low-risk group based on the NLST eligible criteria
(Fig. 1).

Data collection

We retrospectively reviewed and collected clinical infor-
mation from the database of the CMC lung cancer regis-
try. Initial symptoms and quality of life through
questionnaire survey, clinical characteristics including
age, sex, body mass index (BMI), smoking history, co-
morbidities, stage by tumor-node-metastasis stage (the
7th edition of the AJCC TNM staging system), histo-
logical and cytological diagnosis, pulmonary function re-
sults, treatment modalities, and treatment outcomes
were collected prospectively and systematically. For
detecting and genotyping of epidermal growth factor
receptor (EGFR) mutation, peptide nucleic acid (PNA)-
mediated PCR clamping method was used with PNA-
Clamp™ EGFR Mutation Detection Kit (PANAGENE,
Inc., Daejeon, Korea) [12]. Anaplastic lymphoma kinase
(ALK)-fluorescence in situ hybridization (FISH) was per-
formed using Vysis LSI ALK Dual Color Break Apart
Probe (Abbott Molecular, Abbott Park, IL, USA), a
break-apart probe specific to the ALK locus. Overall sur-
vival (OS) was defined as the time from the date of diag-
nosis to death.

Statistical analysis

To analyze clinical characteristics between the two
groups, two sample t-test was used for continuous
variables and Chi-square test was used for categorical
variables. Overall survival (OS) was estimated from
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Fig. 1 Study flow diagram
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Kaplan-Meier survival curves. Log-Rank tests were
utilized to determine if risk groups were statistically dif-
ferent from each other. Cox proportional hazards model
was used for seeking independent prognostic factors in
the study. Optimal cutoff points for the smoking pack-
years which distinguish patients’ survival were
determined by the time-dependent receiver operating
characteristic (ROC) curve [13]. As the obtained cutoff
points, patients were divided into subgroups according
to those, and the Kaplan-Meier survival curves were cal-
culated. A p value <0.05 was considered significant. All
analyses were performed using R (version 3.5.1; R Com-
puting, Vienna, Austria).

Results

Patients’ characteristics

According to risk stratification by smoking, 223 (53.1%)
patients were in the high-risk group and 206 (46.9%) pa-
tients were in the low-risk group. Clinical characteristics
of each group are shown in Table 1. The percentage of
males and the proportion of current smoker were higher
in the high-risk group (97.0% vs. 56.3%, p < 0.001; 57.1%
vs. 16.0%, p <0.001, respectively). The average smoking
pack-years and abstinence duration were 55.0 and 5.3

years in the high-risk group, and 11.2 and 15.1 years in
the low-risk group, respectively. The cumulative smok-
ing exposure was significantly lower in the low risk
group. There were no significant differences between the
two groups in terms of comorbidities such as tubercu-
losis, diabetes, heart disease, or other cancer histories af-
fecting outcome. Overall pulmonary functions including
forced vital capacity (FVC) (81.7% vs. 87.9%, p = 0.001),
forced expiratory volume in 1s (FEV1) (72.9% vs. 88.5%,
p<0.001), FEV1 / FVC ratio (0.63 vs. 0.72, p <0.001),
and diffusion capacity of the lung for carbon monoxide
(74.3% vs. 82.7%, p < 0.001) was significantly lower in the
high-risk group. The proportion of patients with
advanced stages (III, IV) that were difficult to perform
surgery was higher in the high-risk group (III: 36.9% vs.
12.1%, p <0.001; IV: 40.3% vs. 33.5%, p <0.001). Histo-
logically, squamous cell type and poor differentiation
were more predominant in the high-risk group com-
pared to those in the low-risk (56.2% vs. 18.9%, p <
0.001; 27.9% vs. 19.4%, p = 0.001). In the high-risk group,
the proportion of patients with EGFR mutations was sig-
nificantly smaller than that in the low-risk group (11.8%
vs. 39.1%, p < 0.001). Subtypes of 19 del (4.8% vs. 21.2%,
p <0.001) and L858R (4.8% vs. 13.6%, p = 0.006) also had
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GROUP High Low p
(N=233) (N =206)
Age 673+6.2 671164 0.670
Sex 0.000
Male 226 (97.0%) 116 (56.3%)
Female 7 (3.0%) 90 (43.7%)
BMI 226+£3.1 234+28 0.003
Symptoms at presentation 143 (61.4%) 96 (46.6%) 0.003
Smoking status 0.000
Current 133 (57.1%) 33 (16.0%)
Ex + Never 100 (42.9%) 173 (84.0%)
Pack-years 550£195 11.2+£141 0.000
Abstinence duration 53+48 1514121 0.000
Comorbidities
Tuberculosis 46 (19.7%) 31 (15.0%) 0.244
Diabetes mellitus 77 (33.0%) 52 (25.2%) 0.092
Heart disease 38 (16.3%) 25 (12.1%) 0.268
Other cancer history 32 (13.7%) 30 (14.6%) 0911
Cancer
Stomach cancer 5 (2.1%) 6 (2.9%) 0.836
Colon cancer 4 (1.7%) 6 (2.9%) 0.605
Thyroid cancer 2 (0.9%) 6 (2.9%) 0212
Hepatoma cancer 4 (1.7%) 3 (1.5%) 1
Renal cell cancer 4 (1.7%) 2 (1.0%) 0.795
Bladder cancer 3(1.3%) 2 (1.0%) 1
Pancreatic cancer 1 (04%) 1 (0.5%) 1
Uterine cervix cancer 1 (0.4%) 2 (1.0%) 0915
Biliary cancer 0 (0.0%) 1 (0.5%) 0.951
Ovary cancer 0 (0.0%) 1 (0.5%) 0.951
Prostate cancer 2 (0.9%) 0 (0.0%) 0.533
Breast cancer 1 (0.4%) 1 (0.5%) 1
Rectal cancer 3(1.3%) 1 (0.5%) 0.704
other cancer 6 (2.6%) 4 (1.9%) 0.902
Clinical Stage 0.000
1711 69 (29.6%) 98 (47.6%)
M1l 86 (36.9%) 25 (12.1%)
[\ 78 (33.5%) 83 (40.3%)
Histology 0.000
Adeno 94 (40.3%) 156 (75.7%)
Squamous 131 (56.2%) 39 (18.9%)
Large 1 (0.4%) 0 (0.0%)
Other 7 (3.0%) 11 (5.3%)
Differentiation 0.001
Well 13 (5.6%) 34 (16.5%)
Moderate 87 (37.3%) 84 (40.8%)
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GROUP High Low p
(N=233) (N =206)
Poorly 65 (27.9%) 40 (19.4%)

Unknown 68 (29.2%)

Driver mutation

EGFR 22 (11.8%)
19Del 9 (4.8%)
L858R 9 (4.8%)
Others 4 (2.2%)
ALK 7 (3.9%)
Pulmonary function
FVC(%) 81.7+180
FEV1(%) 729+214
FEV1/FVC 063+0.13
DLCO(%) 743+208
Treatment
Surgery 87 (37.3%)
Chemotherapy 156 (67.0%)
Mean cycle 36120
Mean line 1.5+05
Radiation 60 (25.8%)

48 (23.3%)

72 (39.1%) 0.000
39 (21.2%) 0.000
25 (13.6%) 0.006
8 (4.3%) 0.368
5 (2.8%) 0.769
879+207 0.001
885+225 0.000
0.72+0.10 0.000
82.7+206 0.000
101 (49.0%) 0.018
131 (63.6%) 0.523
40+23 0.139
14+05 0.059
52 (25.2%) 0.990

Values are presented as mean + standard deviation or number (%)

BMI body mass index, EGRF Epidermal growth factor receptor, ALK Anaplastic lymphoma kinase, FVC forced vital capacity, FEV1 forced expiratory volume in 15,
FEV1/FVC forced expiratory ratio, DLCO diffusion capacity of the lung for carbon monoxide

smaller proportions in the high-risk group. The propor-
tion of patients who underwent surgery was significantly
lower in the high-risk group (37.3% vs. 49.0%, p = 0.018).
However, the proportion of patients who received
chemotherapy or radiotherapy did not show any statis-
tical significance between the two groups (chemother-
apy: 67.0% vs. 63.6%, p=0.052; radiation: 25.8% vs.
25.2%, p = 0.990).

Overall Survival (OS)

OS was found to be statistically lower in the high-risk
group. Median survival time of high-risk and low-risk
groups were 542 and 1082 days, respectively (p < 0.001)
(Fig. 2a). When patients were divided into stage I-1I, III,
and IV to compare the OS according to stages, the high-
risk group had significantly poorer OS in all stages
(Fig. 2b~d). We additionally performed survival analysis
using the Multicentric Italian Lung Detection (MILD)
trial eligible criteria (minimum of 20 pack-years smoking
history). Results showed heavy smoker had poorer OS
compared to light or never smoker group (p<0.001)
(Fig. 2e).

Independent factors associated with overall survival
Multivariate Cox proportional hazards model was used
to identify factors independently associated with the OS

of lung cancer patients. Advanced stage (IV) [hazard ra-
tio (HR), 6.75; 95% confidence interval (CI): 4.518—
10.082], male (HR, 2.50; 95% CI: 1.558-4.01), old age
(HR, 1.83; 95% CIL: 1.339-2.502), and heavy smoking
(HR, 1.39; 95% CI: 1.006—1.923) were independently as-
sociated with poor survival outcome (Fig. 3).

Prognosis according to amount of lifetime cigarette
smoking

To assess the impact of the amount of lifetime cigarette
smoking on prognosis of lung cancer, additional survival
analysis was performed. Using the time-dependent ROC
curve, it'’s shown that 40 pack-years (Fig. 4a) and 18.75
pack-years (Fig. 4b) were the optimal cutoff points which
distinguish between patients who died by one and 3
years and those who did not, respectively. Sensitivity,
specificity, and AUC scores for cutoff points 40 pack-
years to 1year mortality and 18.75 pack-years to 3 year
mortality were: 0.60, 0.63, 0.637 and 0.751, 0.405, 0.575.
Time-dependent AUC and corresponding cutoff points
through the whole study period were showed in Fig. 4c.
According to the obtained cutoff points, patients were
divided into three groups: over 40 pack-years, 20—40
pack-years, and below 20 pack-years. As the smoking
amount increased, patients’ survival was found to be
worse stepwise, showing statistically significant
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Fig. 4 The optimal cutoff points to distinguish patients’ survival on time-dependent ROC curve. Panel a and b shows the ROC curve for 1 and 3-
year mortality, respectively. Panel ¢ shows the time-dependent AUC and corresponding cutoff points through the whole study period
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difference (median survival time of below 20 pack-years
vs. 20—40 pack-years vs. over 40 pack-years: 3320 vs. 831
vs. 479 days, p < 0.001) (Fig. 5).

Discussion
The purpose of this study was to analyze the effect of
smoking on clinical characteristics and outcomes of pa-
tients with lung cancer, especially NSCLC, by dividing
patients according to the NLST eligible criteria. In the
present study, the high-risk group who met the NLST
criteria were associated with poor prognostic factors
such as male, advanced stage, low BMI, squamous cell
type and poor differentiation in histology, lower driver
mutation, and poor pulmonary functions compared with
the low-risk group. Clinical outcomes represented by OS
were also poorer for the high-risk group than those for
the low-risk. This study revealed that smoking was an
independent factor associated with the prognosis of lung
cancer, showing a dose-dependent relationship.

Previous studies have shown that smokers among lung
cancer patients have more airflow limitation than never

smokers. They also tend to have lower BMI and poorer
clinical outcome [14]. It has also been reported that
smokers have more advanced stage and worse histologic
types such as small cell or squamous cell [15-17]. Re-
sults of the present study were consistent with previous
results. There are several reasons why the high-risk
group has poor prognosis. More exposure to smoking
causes more oxidative stress at cell level, leading to
greater genetic damage. Smoking causes transformation
of normal cells into cancer cells with large mutation
burden and poor histologic type [18-20]. Also, it in-
duces chronic airway and systemic inflammation, leading
to impaired lung function and sarcopenia that are closely
related to poor prognosis in lung cancer [21, 22]. In this
study, even after adjusting for cancer stage which had
the most significant effect on survival, the OS of the
high-risk group was significantly decreased in both early
(L, II) and advanced stages (III, IV). Previous studies have
reported that poor treatment outcomes of early lung
cancer patients in smokers are related to early recur-
rences [23, 24]. On the other hand, in patients with
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Fig. 5 Kaplan-Meier estimate of overall survival of subjects stratified by amount of lifetime cigarette smoking

advanced lung cancer, patients’ comorbidities and in-
tolerance to the treatment are important factors associ-
ated with poor prognosis [25]. However, in this study,
there were no significant differences in comorbidities or
the number of chemotherapies between high-risk and
low-risk groups. O'Malley M et al. have insisted that
smoking can negatively impact drug pharmacokinetics
and efficacy during chemotherapy in advanced lung can-
cer. In addition, smoking may result in suboptimal ther-
apy and development of drug resistance [26]. Therefore,
there is a need to pay more attention to the risk of
smoking itself.

In multivariate Cox proportional hazards model, ad-
vanced stage, old age, and male patients had worse out-
comes. Importantly, even after adjusting for major
prognostic factors such as stage, sex, age, smoking
remained significant prognostic factor in lung cancer.
To further clarify the effect of smoking on the prognosis
of lung cancer, we additionally carried out analysis about
the impact of smoking amount on mortality. As smoking
amount increased, OS was statistically significantly dete-
riorated. Smoking had a dose-dependent relationship
with patients’ survival. We could draw conclusion that
smoking is a strong contributor to the poor prognosis of
lung cancer patients. Therefore, lung cancer screening
using LDCT in heavy smokers is very important. In ac-
tual clinical practice, however, the participation rate of
screening program remains at about 50 to 60% and par-
ticipants are mainly older patients [27, 28]. Therefore, in

recent years, interest in disparity of lung cancer screen-
ing and efforts to solve it have been made [29, 30]. One
of them is the expansion of screening eligibility accord-
ing to smoking amount. In some countries such as Italy
and Denmark where the proportion of smokers and lung
cancer mortality are high, trials have been conducted to
expand lung cancer screening participants, loosening the
standard of smoking amount to 20 pack-years [31, 32].
Especially, in the MILD trial, employing these criteria
(minimum of 20 pack-years smoking history), the reduc-
tion of lung cancer mortality was greater compared with
the NLST trial [31]. In our study, according to survival
analysis using MILD trial eligible criteria, there was a
significant survival difference between the two groups.
Therefore, the necessity of expanding the target popula-
tion of lung cancer screening is also emerging. In the
present study, significant mortality differences were ob-
served even between 20 and 40 pack-years and below 20
pack-years. Additional study is needed to extend lung
cancer screening criteria in the future.

In addition to screening lung cancer early, it is also ne-
cessary to try interventions for active smoking cessation
for screening subjects with current smoking. Studies
have shown that smoking at the time of lung cancer
diagnosis is a major prognostic factor in lung cancer.
There were evidences that active smoking cessation in-
terventions can improve the prognosis of lung cancer
[24, 33]. In this study, current smokers accounted for
38.5% of all patients (57.1% in the high-risk group). It
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seemed that smoking cessation intervention should be
emphasized when managing these patients, especially for
those in the high-risk group. Recently, a national effort
has been made to link smoking-cessation service with
lung cancer screening [34].

This study has some limitations. First, we only ana-
lyzed patients with specific ages and NSCLC, not all lung
cancer patients. Patients with small cell lung cancer were
excluded because their treatment morbidity and progno-
sis could be significantly different. Second, our study
showed a relatively low specificity for cutoff points 18.75
pack-years to 3-year mortality in the ROC curve for the
impact of the smoking amount on prognosis of lung
cancer. Because this is an analysis according to the
smoking amount, not the presence or absence of smok-
ing, we think that the specificity of concretely quantified
smoking amount for lung cancer mortality may be rela-
tively low. However, as shown in Fig. 4c, the AUC value
was maintained over 0.5 during the entire study period.
In addition, since the AUC values of 1-year and 3-year
mortality are 0.637 and 0.575, we do not believe that our
model shows negative result in predicting survival ac-
cording to the smoking amount in lung cancer. Also, the
sensitivity and specificity can be influenced by sample
size. Therefore, further prospective studies with larger
sample size are needed for better predictability and ex-
ternal validation of our model. Third, this study was per-
formed in a retrospective manner. However, medical
records and patients’ questionnaire were faithfully col-
lected from the time of enrollment and data were re-
examined by authorized data managers. Therefore, data
including smoking history, clinical characteristics, and
clinical outcome were high qualified and reliable. More-
over, this registry covered patients with lung cancer in
seven hospitals in the Republic of Korea. They could
represent lung cancer patients in Korea general popula-
tion to some extent.

Conclusion

High-risk individuals with long-term and heavy smoking
who met the NLST eligible criteria were found to have
poor prognosis. Also, as the degree of smoking amount
increased, the prognosis of patients deteriorated. There-
fore, it is necessary to recommend more active screening
to heavy smokers and give more clinical attention to
them to improve their clinical outcomes. Additional re-
search on the need of expanding lung cancer screening
to intermediate-risk group is needed in the future.
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1186/512885-020-07358-3.
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