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Abstract

Introduction

The prevalence of bronchiectasis in the general population and in individuals undergoing
lung cancer screening with low dose computed tomography (LDCT) is unknown. The aim of
this study is to estimate the prevalence and impact of bronchiectasis in a screening lung
cancer program.

Methods

3028 individuals participating in an international multicenter lung cancer screening consor-
tium (I-ELCAP) were selected from 2000 to 2012. Patients with bronchiectasis on baseline
CT were identified and compared to selected controls. Detection of nodules, need for addi-
tional studies and incidence of cancer were analyzed over the follow-up period.

Results

The prevalence of bronchiectasis was 11.6%(354/3028). On the baseline LDCT, the num-
ber of subjects with nodules identified was 189(53.4%) in patients with bronchiectasis com-
pared to 63(17.8%) in controls (p<0.001). The occurrence of false positives was higher in
subjects with bronchiectasis (26%Vvs17%;p = 0.003). During follow-up, new nodules were
more common among subjects with bronchiectasis (17%vs.12%; p = 0.008). The total num-
ber of false positives during follow-up was 29(17.06%) for patients with bronchiectasis vs.
88(12.17%) for controls (p = 0.008).The incidence rate of lung cancer during follow-up was
6.8/1000 and 5.1/1000 person-years for each group respectively (p = 0.62)

Conclusions

Bronchiectasis are common among current and former smokers undergoing lung cancer
screening with LDCT. The presence of bronchiectasis is associated with greater incidence
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of new nodules and false positives on baseline and follow-up screening rounds. This leads
to an increase need of diagnostic tests, although the lung cancer occurrence is not different.

Introduction

Lung cancer is the leading cause of cancer-related mortality worldwide. Lung cancer screening
using low dose computed tomography (LDCT) has been shown to be effective, albeit with con-
cerns regarding potential harms due to false positives. Benign nodules are common and may
prompt unnecessary tests, patient anxiety and increased costs. Improving the selection of high
risk individuals whom will benefit from lung cancer screening will minimize harms and result
in a lower risk of overdiagnosis [1,2] Patients with bronchiectasis may have a higher risk of
false positives due to infections and inflammation.

Bronchiectasis frequently causes respiratory symptoms, loss of pulmonary function,
impairment in quality of life and early mortality, although the prevalence in the general popu-
lation is unknown [3-5]. The increasing use of computed tomography, especially for lung can-
cer screening, is impacting on the diagnosis of bronchiectasis allowing for better identification
and characterization of the disease [6-10].

The aim of this study is to assess the prevalence of bronchiectasis in participants of a lung
cancer screening program, and to evaluate the burden of this condition in terms of LDCT false
positives and need for additional studies [9,11,12].

Methods
Subjects and cancer screening protocols

Subjects were selected from the Pamplona (Clinica Universidad de Navarra, Spain) subcohort
of the International Early Lung Cancer Action Program (I-ELCAP) between 107 2000 to 2012
and followed until 2014 (n = 3028) [13].

The study included adults of >40 years-old, with a smoking history of >10 pack-years,
without any cancer within5 years prior to entry, and without lung cancer symptoms. The Eth-
ics Committee of the University of Navarra approved the study protocol (project028/2012
mod 2, “I-ELCAP-FAMRI”) and all subjects signed an informed consent.

The lung cancer screening protocol has been described previously [14] Briefly, all the
patients had at least one LDCT performed in a single breath-hold at end-inspiration with a
multidetector CT scanner (Somaton Sensation 64) at low-radiation-dose settings (120kVp,
20-40 mAs). All CT scans were reconstructed with 1.25-mm slice thickness and 1-mm inter-
vals using a high spatial frequency reconstruction algorithm. The test or treatments indicated
as part of the protocol have been scheduled according to the criteria of the attending physician
following the protocol.

On baseline LDCT four outcomes were possible: 1) no pulmonary nodules observed
(annual LDCT recommended); 2) small pulmonary nodules not requiring additional tests
(annual LDCT recommended); 3) pulmonary nodules that require an additional follow-up
LDCT, antibiotics, biopsy or a positive emission tomography (PET) before the next annual fol-
low-up, and have not turned out to be cancer (defined as a false positive); and 4) patients with
nodules that have required additional tests and finally were cancer (true positives). The proto-
col establishes the criteria of baseline LDCTs with a new nodule that require additional tests.

In annual screenings there are also 4 possibilities: 1) LDCT without new nodules or growth
of the previously identified nodules (annual LDCT recommended); 2) new nodules or growth
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Table 1. Bhalla score [10].

Category

Severity of bronchiectasis

Peribronchial thickening

Extent of bronchiectasis (no. of BP
segments)

Extent of mucous plugging (no. of
BP segments)

Sacculations or abscesses (no. of BP
segments)

Generations of bronchial divisions
involved (bronchiectasis/plugging)

Number of bullae

Emphysema (number of BP
segments)

Collapse/consolidation

BP: bronchopulmonary

https://doi.org/10.1371/journal.pone.0231204.t001

0

Absent

Absent

Absent

Absent

Absent

Absent

Absent
Absent

Absent

Mild (luminal diameter slightly
greater than diameter of adjacent
blood vessel)

Mild (wall thickness equal to diameter
of adjacent blood vessel)

Up to 4th generation

of a previously observed nodule that do not meet criteria for further tests (annual LDCT rec-
ommended); 3) new nodules or obvious growth of previously observed nodules requiring
additional tests (follow-up LDCT, PET or biopsy) or treatment (antibiotics) without a final
diagnosis of cancer (false positives); and 4) new nodules and/or growth of previous ones who,
after additional tests, have turned out to be cancer (true positives). The protocol establishes the
criteria for annual LDCT's with a suspicious growth rate of malignancy that require additional
tests.

Identification of patients with bronchiectasis and without bronchiectasis

Out of 3028 participants, 354 subjects had bronchiectasis on baseline LDCT confirmed with a
double reading by a radiologist and a pulmonologist (concordance analysis 0.95, 95% CI:
0.86-0.98). The severity and extension of bronchiectasis were scored using the Bhalla score
[10]. (Table 1). From the same cohort 354 controls without bronchiectasis were matched by
sex, smoker or ex-smoker status and range of age and tobacco consumption in pack-years.

Characterization of patients was performed by demographics, clinical records, pulmonary
function tests (PFTs) and LDCT findings. PFTs (Vmax 22, Sensormedics Corps, Yorba Linda,
California) were done following ATS/ERS 2005 guidelines [15]. Airflow obstruction is defined
by an FEV1/FVC<0.70. The prevalence and incidence of pulmonary nodules, the need for
additional tests, and the occurrence of cancer were analyzed at baseline and over the follow-up
period. The presence of coronary calcium and emphysema was detected visually.

Data analysis

Quantitative data with normal distribution are expressed as mean + SD and non-parametric
data as median and interquartile range (IQR). Categorical data are described using absolute
and relative frequencies. Comparisons between the two groups were performed using Pearson
chi-square or Student test, according to variable type and distribution. Incidence rate densities
were calculated with 95% confidence intervals (95%CI).

1 2 3

Moderate (lumen 2-3 times the diameter
of vessel) Severe (lumen >3 times
Diameter of vessel)

Severe (lumen >3 times
diameter of vessel)

Moderate (wall thickness greater than and
up to twice the diameter of adjacent vessel)

Severe (wall thickness > 2 times
the diameter of adjacent vessel)

1-5 6-9 >9
1-5 6-9 >9
1-5 6-9 >9

Up to 5th generation Up to 6th generation and distal

Unilateral (not >4) Bilateral (not >4) >4
1-5 >5
Subsegmental Segmental/lobar
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Identification of associated factors for baseline false positives was done using binomial
regression with adjustment of the variance for matched cohort data. Multilevel logistic regres-
sion analysis for mixed effects was used in order to handle matched cohort data and patients
with multiple LDCTs. A two-tailed p value less than 0.05 was considered statistically signifi-
cant. All statistical analyses were performed using Stata 15 (StataCorp, TX, USA).

Results

The prevalence of bronchiectasis in the lung cancer screening study was 11.7% (354/3028).
Despite the matching process, patients with bronchiectasis compared to controls had a mean
age of 60.919 years vs. 59.019 years (p = 0.01, clinically not significant) and a smoking history
of 40+2 pack-years vs. 38+20 pack-years (p = 0.30). Sex distribution between groups was simi-
lar with a male proportion of 73% and 72% (p172 = 0.80). Active smoking was less frequent in
the bronchiectasis vs. control group: 218173 (61.6%) vs. 243 (68.6%) (p = 0.049).

Regarding respiratory impairment, patients with bronchiectasis had a higher frequency 175
of airflow limitation (55% vs. 45%; p = 0.004), lower %FEV1 (89.2% vs. 93.2%; p = 0.02) and a
greater prevalence of emphysema (33.6 vs. 16.9%; p<<0.001). Past history of infection, hiatal
hernia or pleural disease was not different between the groups (Table 2).

Using the Bhalla score [10] (4-25 points), the median punctuation was 7 (IQR 5,13) (4-18).
Patients were grouped into mild (4-10 points), moderate (11-17) and severe (18-25) disease,
resulting in 307(86.7%), 46(10.2%) and 1(0.3%) patients, respectively.

Baseline LDCT

On baseline LDCT, the number of subjects with and without bronchiectasis that hadpulmon-
ary nodules was 189 (53,4%) and63 (17,8%), respectively (p< 0.001). Theoccurrence of false
positives was also higher in patients with bronchiectasis (26%) thanin those without (17%,

p = 0.003), leading to a higher proportion of follow-up LDCTs194 (24.1% vs. 15.8%, p = 0.006)
and indications for antibiotics (5.93% vs. 1.69%, p = 0.003).

Table 2. Baseline characteristics of study population by presence of bronchiectasis.

Characteristic

Current smokers, n (%)
BMI, Kg/m®

Airflow obstruction, n (%)
FEV1% predicted
Emphysema, n (%)
Coronary calcium, n (%)
Hiatal hernia, n (%)
Heartburn, n (%)

Previous pneumonia, n (%)
Previous tuberculosis, n (%)
Asthma, n (%)

Previous pleural disease, n (%)

Patients with bronchiectasis Controls without bronchiectasis p value
(n =354) (n = 354)
218 (61.6) 243 (68.6) 0.049
27.5+ 4.7 28.0+ 4.4 0.130
154 (55)* 126 (45)** 0.004
89.2+22.7* 93.2+18.8"" 0.020
119 (33.6) 60 (16.95) <0.001
130 (36.7) 108 (30.5) 0.080
25(7.1) 15 (4.2) 0.104
50 (14.1) 76 (21.5) 0.011
19 (5.4) 10 (2.8) 0.080
12 (3.4) 9 (2.5) 0.516
9 (2.5) 8(2.3) 0.816
5(1.4) 6 (1.7) 0.761

Abbreviations: BMI; body mass index; FEV1: forced expiratory volume in 1 second. Data are expressed as mean + SD or frequency (relative frequency).

*Spirometry available in 280 subjects.

** Spirometry available in 289 subjects.

https://doi.org/10.1371/journal.pone.0231204.t002
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Table 3. Study of nodules at baseline LDCT.

Bronchiectasis (n = 354) Controls (n = 354) p value
1.Subjects without nodules, n (%) 165 (46.6) 291 (82.2) <0.01
2. Subjects with nodules that do not meet criteria for further test, n (%) 93 (26.2) 2(0.5) <0.01
3. Subjects with nodules requiring additional tests (false positives), n (%) 91 (26) 59 (17) <0.01

« Additional LDCT 85 (24.1) 56 (15.82) <0.01

« Indication for biopsy 3(0.85) 2(0.56) 0.654

« Indication for antibiotics 21(5.93) 6 (1.69) <0.01

« PET 1(0.28) 6 (1.69) 0.761
4. Lung cancer (true positives), n (%) 5(1.41) 2 (0.56) 0.254
Cancer types 2 adenocarcinoma ladenocarcinoma 1 unknown

1 squamous

1 small cell

1 unknown
Median number of nodules (IQR) 2(1.3) 1(1.2) <0.01

https://doi.org/10.1371/journal.pone.0231204.t003

There were no differences in the indications for biopsy (0.85% vs. 0.56%, p = 0.654). The
number of true positives in the group of bronchiectasis was 5 (1.41%) vs. 2 (0.56%) in the con-

trol group (p = 0.254).

The median number of false positive nodules was 2 (IQR:1,3) in subjects with bronchiecta-
sis and 1 (IQR:1,2) in controls (p = 0.005) (Table 3).

The occurrence of false positive nodules that required additional tests was significantly
associated with presence of bronchiectasis (OR 1.73; 95% CI:1.22-2.45; p = 0.002), and airflow
obstruction (OR 1.94; 95% CI:1.31-2.87; p = 0.001) (Table 4).

Annual screenings

Four-hundred forty-three (62.6%) patients returned for annual screenings (224 with bronchi-
ectasis and 219 controls, p = 0.852). The median follow-up was 3.48 years (IQR:1.97,5.95) and
was similar for both groups (p = 0.096). During follow-up, more new or growing nodules were
found in patients with bronchiectasis as compared to controls (33.7% vs. 23.5%, p<0.001). The

Table 4. Relationship of variables with false positive nodules.

A. Univariate analysis.

Baseline P value Follow-up p value
OR (95 CI%) OR (95% CI)
Bronchiectasis 1.73 (1.22-2.45) 0.002 1.55 (1.002-2.41) 0.049
Current smokers 1.009 (0.75-1.35) 0.949 1
Airflow 1.94 (1.31-2.87) 0.001 0.72 (2.51e-18-2.07e+17 0.987
limitation*
B. Multivariable analysis to assess false positives on follow-up studies**.
Variable OR Std. Err. z P>|z| | 95% CI
Airflow 1.86 0.376 3.11 0.002 | 1.25-2.77
limitation*
Bronchiectasis 1.57 0.323 2.21 0.027 | 1.05-2.435

Abbreviations: OR: odds ratio; 95%CI: 95% confidence interval.
*Airflow limitation at the end of the follow up period.

** Adjusted for bronchiectasis.

https://doi.org/10.1371/journal.pone.0231204.t004
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Table 5. Study of nodules annual LDCT.

Subjects
« Follow-up, years, median
« Lung cancer, n (%)

« Cancer types

LDCT

« New nodules but do not require additional tests, n (%)

« Growth nodules but do not require additional tests, n (%)

« False positives, n (%)
O Additional LDCT
O Indication for biopsy
O Indication for antibiotics
O PET

https://doi.org/10.1371/journal.pone.0231204.t005

Bronchiectasis Controls P value
n=224 n=219
3.11 (1.97-5.14) 3.85(1.98-6.22) 0.09
1(0.44) 5(2.28) 0.09
1 adenocarcinoma 3 adenocarcinoma
1 squamous
1 small cell
756 723

105 (13.8) 53 (7.33) <0.01
20 (2.65) 24 (3.32) 0.446
129 (17.06) 88 (12.17) <0.01
114 (15.1) 78 (10.8) 0.014
2(0.89) 0 (0) 0.393
52 (6.88) 26 (3.6) <0.01 26 (3.6) <0.01
10 (1.32) 8 (1.1) 0.705

number of false positives during follow-up was 128 (17.1%) for patients with bronchiectasis vs.
88 (12.2%) for controls (p = 0.008). When comparing bronchiectasis to controls, these findings
led to additional LDCT's in 114 (15.1%) vs. 78 (10.8%, p = 0.014), an indication for antibiotics
in 52(6.88%) vs. 26(3.6%, p = 0.005) and a PET scan in 10(1.32%) vs. 8(1.1%, p = 0.705)

(Table 5).

Considering a total follow-up of 1861.52 patient-years, the incidence rate of new nodules
and false positives was calculated for each group. Related to controls, the incidence rate ratio
(IRR) in patients with bronchiectasis was 2.24 (95% CI:1.59-3.18; p<0.001) for new nodules
and 1.66 (95%CI:1.25-2.20; p<0.001) for false positives. On univariate analysis, the occurrence
of false positives on annual LDCT's was associated with presence of bronchiectasis (OR 1.55;
95%CI:1.002-2.41; p = 0.049) (Table 4A). On a multivariable analysis of the most relevant vari-
ables, bronchiectasis was independently associated with false positives on annual LDCTs (OR
1.57; 95%CI1.05-2.35; p = 0.027) (Table 4B).

Cancer

Biopsy was recommended in 23 patients and finally performed in 20: 11 with bronchiectasis (8
after baseline LDCT, 3 during follow-up) and 9 controls (4 after baseline LDCT, 5 during fol-
low-up). Thirteen had a diagnosis of cancer, (6 and 7 respectively, p = 0.77). The incidence
rate for cancer diagnosis during follow up for patients with and without bronchiectasis was 6.8
and 5.1/1000 person-years, respectively (p = 0.62). The difference in proportion for lung can-
cer in baseline study was 0.84% (95%CI: -0.061% to 0.23%) p = 0.256. In annual CTs was
-1.84% (95%CI -0.4% to 0.32%) p = 0.094.

Discussion
Prevalence of bronchiectasis

The prevalence of bronchiectasis in smokers undergoing lung cancer screening was high and
had an impact on the need for additional tests, but not on the incidence of cancer. The preva-
lence of bronchiectasis was 11.7%, higher than other studies in adult or older population,
which are between 4.2 and 1106 /100000 inhabitants in different countries and times [16-21].
This wide variability could be due to different diagnostic techniques and criteria, age range
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considered or past exposure to infections. The greater age and tobacco exposure in our study
may also be important factors [7].Other studies on lung cancer screening programs have
found levels of prevalence of bronchiectasis ranging between 0.2%-16% [22-27]. The higher
prevalence can influence the rate of false positive results on LDCT and consequently have an
impact on cost-effectiveness.

Burden of bronchiectasis

Most patients in our cohort had mild bronchiectasis, were asymptomatic and had no previous
diagnosis. Although there is no validated score for daily clinical practice, the Bhalla score
includes several elements that measure the extent and severity of bronchiectasis and other
radiologic features associated with them [10].While other scales scarcely used in literature
have some advantages in accuracy or good inter-observer variability, Bhalla score may show
the severity of the disease more completely. The severity of bronchiectasis was significantly
associated with age, smoking history, airflow limitation, lower FEV1, more frequent emphy-
sema and coronary calcium, as previously seen in other studies [7,12,28-30] Airflow limitation
is quite common in patients with bronchiectasis [31-33] and was found in 55% of individuals
with bronchiectasis in our cohort compared to 45% of the controls. In a study of 200 patients
with bronchiectasis, airway obstruction was found in 43% and the presence and severity of air-
flow obstruction was proportional to the severity of bronchiectasis regardless of pack-years,
sex or age [3].The finding of bronchiectasis in asymptomatic individuals, albeit mild in most
instances, underlines the underdiagnosis of this condition.

Nodules and false positives at baseline LDCT

On baseline LDCT, more than a half of subjects with bronchiectasis and less than 20% of con-
trols had nodules. In other screening studies, 13-51% of subjects have non-calcified pulmo-
nary nodules on baseline LDCTs. In the I-ELCAP study, 13% of participants had a nodule>5
mm [12].To our knowledge, no screening study has stratified individuals by the presence of
bronchiectasis. Different criteria to define a positive LDCT in individuals with bronchiectasis
may have a significant impact on costs and risk of complications due to the workup of benign
nodules.

Compared to controls (16.6%), as much as 25.7% of subjects with bronchiectasis had a false
positive on baseline LDCT. Other studies report 10-30% of false positives [34,35]. Our results
show that having bronchiectasis increases the probability of finding nodules on baseline
LDCT.

Although the number of subjects is limited, patients with bronchiectasis did not have a
higher prevalence or incidence of lung cancer but underwent more additional tests. This may
have an impact on the risk of complications in individuals with benign diseases and on cost-
effectiveness.

Nodules and false positives on annual LDCT

Sixty-three percent of individuals who had a baseline LDCT returned for at least one annual
LDCT, which is less than in other studies in which adherence has ranged between 80%-97%
[36,37], although there are other studies with lower adherence [38, 39]. One of the likely causes
is that in this program the patients pay for their tests. No differences in the proportion of indi-
viduals who underwent follow-up were found between the groups.

The number of TCs with new nodules that did not require additional tests during follow-up
was 15% and 7% for individuals with and without bronchiectasis, respectively. Current evi-
dence shows that 3-10% of individuals who have an annual LDCT in the context of lung
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cancer screening have new nodules [12].The proportion of false positives resulting in addi-
tional tests or treatments for a benign lesion was 17% for subjects with bronchiectasis and 12%
in controls, with no differences in the number of nodules that showed growth. Bronchiectasis
significantly contributes to the number of additional tests during annual rounds.

A recognized post-hoc study is carried out only for those patients older than 55 years and
smokers of more than 30 pack-years according to the criteria used in other screening pro-
grams. There are 163 patients with bronchiectasis and 155 without them. There are also differ-
ences between these two groups in the baseline CT in terms of the appearance of new nodules,
greater number of nodules that do not require additional tests and more false positives (in the
limit of statistical significance), resulting in the indication of antibiotic. Regarding the follow-
up in this population group, there are 371 LDCT with bronchiectasis and 311 controls and
there are no differences between them except in the incidence of cancer. S1 Table These results
may help to better characterize those subjects who should enter a lung cancer screening pro-
gram or to shape in a more adapted and appropriate way the protocol to be followed in these
subjects, thus avoiding the risks involved in a lung cancer screening program.

Cancer

Perhaps bronchiectasis can also be related with cancer in its mechanism of continuous inflam-
mation-infection. The prevalence and incidence of cancer in this sample was 1.41% (5 cancers)
and 0.44% (1 cancer) in individuals with bronchiectasis vs. 0.56% (2 cases) and 2.28% (5 cases)
in controls, respectively. No difference between groups was found, although the number of
cases is small.

The I-ELCAP trial reported a cancer rate of 10% in participants with baseline nodules and
5% for participants with new incident pulmonary nodules [40]. In the Pamplona subcohort of
the IELCAP consortium, from which the participants in this study were drawn, the lung cancer
prevalence and incidence were 1.0% and 1.4%, respectively [41]. Our study has not been able
to relate bronchiectasis to cancer but we suggest continuing in this line since it could be very
useful

Study limitations

The present study has several limitations. The data obtained cannot be generalized to the gen-
eral population since the participants are smokers or former smokers, with at least 40 years
and may also present a selection bias because they are volunteers concerned about their health,
who are willing to pay for the tests performed. Furthermore, the IELCAP protocol requests
that the radiologists check for bronchiectasis. This may favor overdiagnosis and a predomi-
nance of asymptomatic disease. However, pulmonary function tests clearly showed a higher
functional impairment in these patients.

As part of usual practice there are scores of clinical severity and prognosis for bronchiecta-
sis, but the use of radiological measurement scales is not defined. Direct or indirect signs are
used in a variable way in different studies. The choice of one particular score such as the Bhalla
score, that is not used in daily clinical practice, may limit comparisons with other studies. In
addition, low-dose CT studies may underestimate the findings of bronchiectasis [42].

Finally, our cohort is not large enough to draw conclusions on the relationship between
bronchiectasis and risk for lung cancer.

Summary

The prevalence of bronchiectasis is high in individuals undergoing lung cancer screening with
LDCT, which may have a significant impact on the rate of false positive nodules. Even with
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predominantly asymptomatic disease, bronchiectasis is associated with airflow limitation, and
the degree of this limitation is also correlated to with the radiographic severity of bronchiecta-
sis. The presence of bronchiectasis increases by four-fold the number of individuals with nod-
ules on baseline LDCT and almost doubles the mean number of nodules. In annual rounds of
screening, false positives were increased by 50%in individuals with bronchiectasis. This leads
to more frequent diagnostic tests without an apparently higher incidence of cancer. More stud-
ies are required to minimize the consequences of false positives in these patients.

Supporting information

S1 Checklist. STROBE statement—Checklist of items that should be included in reports of
cohort studies.
(DOC)

S1 Table. Post-hoc study for patients older than 55 years and smokers of more than 30
pack-years.
(DOCX)

Author Contributions
Conceptualization: Maria Sanchez-Carpintero Abad, Javier J. Zulueta, Arantza Campo.

Data curation: Maria Sanchez-Carpintero Abad, Ana B. Alcaide, Luis M. Seijo, Jesus Pueyo,
Gorka Bastarrika, Javier J. Zulueta, Arantza Campo.

Formal analysis: Maria Sanchez-Carpintero Abad, Arantza Campo.

Funding acquisition: Javier J. Zulueta.

Investigation: Maria Sanchez-Carpintero Abad, Javier J. Zulueta, Arantza Campo.
Methodology: Maria Sanchez-Carpintero Abad, Javier J. Zulueta, Arantza Campo.

Project administration: Maria Sanchez-Carpintero Abad, Juan P. de-Torres, Arantza Campo.

Supervision: Pablo Sanchez-Salcedo, Juan P. de-Torres, Luis M. Seijo, Gorka Bastarrika, Javier
J. Zulueta, Arantza Campo.

Validation: Javier J. Zulueta, Arantza Campo.
Visualization: Maria Sanchez-Carpintero Abad, Arantza Campo.
Writing - original draft: Maria Sanchez-Carpintero Abad.

Writing - review & editing: Maria Sanchez-Carpintero Abad, Arantza Campo.

References

1. Henschke Cl, Yip R, Yankelevitz DF SJ. Definition of a positive test result in computed tomography
screening for lung cancer: a cohort study. Ann Intern Med. 2013; 158(4):246-252. https://doi.org/10.
7326/0003-4819-158-4-201302190-00004 PMID: 23420233

2. YipR, Henschke CI, Yankelevitz DF SJ. CT screening for lung cancer: alternative definitions of positive
test result based on the national lung screening trial and international early lung cancer action program
databases. Radiology 2014; 273(2):591-596. https://doi.org/10.1148/radiol. 14132950 PMID:
24955929

3. Dimakou K, Triantafillidou C, Toumbis M, Tsikritsaki K, Malagari K BP. Non CF-bronchiectasis: Aetiolo-
gic approach, clinical, radiological, microbiological and functional profile in 277 patients. Respir Med.
2016; 116:1-7. https://doi.org/10.1016/j.rmed.2016.05.001 PMID: 27296814

PLOS ONE | https://doi.org/10.1371/journal.pone.0231204  April 13, 2020 9/11


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0231204.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0231204.s002
https://doi.org/10.7326/0003-4819-158-4-201302190-00004
https://doi.org/10.7326/0003-4819-158-4-201302190-00004
http://www.ncbi.nlm.nih.gov/pubmed/23420233
https://doi.org/10.1148/radiol.14132950
http://www.ncbi.nlm.nih.gov/pubmed/24955929
https://doi.org/10.1016/j.rmed.2016.05.001
http://www.ncbi.nlm.nih.gov/pubmed/27296814
https://doi.org/10.1371/journal.pone.0231204

PLOS ONE

Bronchiectasis in lung cancer screening

10.

11.

12.

13.
14.

15.

16.

17.

18.

19.

20.
21,

22,

23.

24,

25.

Fuschillo S, De Felice A BG. Mucosalinflammation in idiopathicbronchiectasis: cellular and molecular
mechanisms. Eur Respir J. 2008; 31(2):396—406. https://doi.org/10.1183/09031936.00069007 PMID:
18238949

Martin C, Thévenot G, Danel S, Chapron J, Tazi A, Macey J, et al. Pseudomonas aeruginosa induces
vascular endothelial growth factor synthesis in airway epithelium in vitro and in vivo. EurRespir J. 2011;
38(4):939-946.

Martinez Garcia MA, Maiz Carro L CSP. Treatment of Non-Cystic Fibrosis Bronchiectasis. Arch. Bron-
coneumol. 2011; 47(12):599-609. https://doi.org/10.1016/j.arbres.2011.06.003 PMID: 21798654

Martinez Garcia MA, Maiz Carro L. Bronquiectasias. Monogr Arch Bronconeumol. 2016; 3(1):1-9.

Pasteur MC, Bilton D HA. British Thoracic Society Bronchiectasis non-CF Guideline Group.British Tho-
racic Society guideline for non-CF bronchiectasis. Thorax. 2010; 65S:1:i1-58.

Zhao'Y, de Bock GH, Vliegenthart R, van Klaveren RJ, Wang Y, Bogoni Let al. Performance of com-
puter- aided detection of pulmonary nodules in low-dose CT: comparison with double reading by nodule
volume. EurRadiol. 2012; 22(10):2076-2084.

Bhalla M, Turcios N, Aponte V, Jenkins M, Leitman BS, McCauley DI D. Cystic fibrosis: scoring system
with thin-section CT. Radiology. 1991; 179(3):783-788. https://doi.org/10.1148/radiology.179.3.
2027992 PMID: 2027992

Bach PB, Mirkin JN, Oliver TK, Azzoli CG, Berry DA, Brawley OW et al. Benefits and harms of CT
screening for lung cancer: a systematic review. JAMA. 2012; 307(22):2418-29. https://doi.org/10.
1001/jama.2012.5521 PMID: 22610500

Walter Joan E. H MA and O M. Small pulmonary nodules in baseline and incidence screening rounds of
low-dose CT lung cancer screening. Transl Lung Cancer Res. 2017; 6(1):42-51. https://doi.org/10.
21037/tlcr.2016.11.05 PMID: 28331823

International Early Lung Cancer Action Program protocol]. Available from: http://www.I[ELCAP.org.

Bastarrika G, Garcia-Velloso MJ, Lozano MD, Montes U, Torre W, Spiteri N et al. Early lung cancer
detection using spiral computed tomography and positron emission tomography. Am J Respir Crit Care
Med. 2005; 171(12):1378-83. https://doi.org/10.1164/rccm.200411-14790C PMID: 15790860

Miller M.R., Hankinson J., Brusasco V., Burgos F., Casaburi AC R., Crapo R. et al. SERIES “ATS/ERS
TASK FORCE: STANDARDISATION OF LUNG FUNCTION TESTING. Eur Respir J. 2005; 26:319—
338. https://doi.org/10.1183/09031936.05.00034805 PMID: 16055882

Seitz AE, Olivier KN, Adjemian J, Holland SM, Prevots DR. Trends and burden of bronchiectasis
among Medicare beneficiaries in the United States, 2000—2007. Chest; 142:432—-439. https://doi.org/
10.1378/chest.11-2209 PMID: 22302301

Joish VN, Spilsbury-Cantalupo M, Operschall E, Luong B BS. Economic burden of non-cystic fibrosis
bronchiectasis in the first year after diagnosis from a US health plan perspective. Appl Heal Econ Heal
Policy. 2013; 11(3):299-304.

Weycker Derek, John Edelsberg G O and G T. Prevalence and Economic Burden of Bronchiectasis.
Clin Pulm Med. 2005; 12:205-209.

Saynajakangas O, Keistinen T, Tuuponen T, Kivela SL. Evaluation of the incidence and age distribution
of bronchiectasis from the Finnish hospital discharge register. Cent Eur J Public Health. 1998; 6
(3):235-237. PMID: 9787927

Zengli Wang. Bronchiectasis: still a problem. Chin Med J (Engl); 127(1):157-172.

Wynn-Williams N. Bronchiectasis: a study centred on Bedford and its environs. Br Med J. 1953;
1:1194-11909. https://doi.org/10.1136/bmj.1.4821.1194 PMID: 13042186

Blanchon T, Bréchot JM, Grenier PA, Ferretti GR, Lemarié E, Milleron et al. Baseline results of the
Depiscan study: a French randomized pilot trial of lung cancer screening comparing low dose CT scan
(LDCT) and chest X-ray (CXR).Lung Cancer. 2007; 58(1):50-8. https://doi.org/10.1016/j.lungcan.2007.
05.009 PMID: 17624475

Priola AM, Priola SM, Giaj-Levra M, Basso E, Veltri A, Fava C CL. Clinical implications and added costs
of incidental findings in an early detection study of lung cancer by using low-dose spiral computed
tomography. Clin Lung Cancer. 2013; 14(2):139-148. https://doi.org/10.1016/j.cllc.2012.05.005 PMID:
22868220

Van de Wiel JC, Wang Y, Xu DM, van der Zaag-Loonen HJ, van der Jagt EJ, van Klaveren RJ O M.
NELSON study group. Neglectable benefit of searching for incidental findings in the Dutch-Belgian lung
cancer screening trial (NELSON) using low-dose multidetector CT. Eur Radiol. 2007; 17(6):1474—1482.
https://doi.org/10.1007/s00330-006-0532-7 PMID: 17206426

MacRedmond R, Logan P M, Lee M, Kenny D, Foley C C RW. Screening for lung cancer using low
dose CT scanning. Thorax. 2004; 59:237-241. https://doi.org/10.1136/thx.2003.008821 PMID:
14985561

PLOS ONE | https://doi.org/10.1371/journal.pone.0231204  April 13, 2020 10/11


https://doi.org/10.1183/09031936.00069007
http://www.ncbi.nlm.nih.gov/pubmed/18238949
https://doi.org/10.1016/j.arbres.2011.06.003
http://www.ncbi.nlm.nih.gov/pubmed/21798654
https://doi.org/10.1148/radiology.179.3.2027992
https://doi.org/10.1148/radiology.179.3.2027992
http://www.ncbi.nlm.nih.gov/pubmed/2027992
https://doi.org/10.1001/jama.2012.5521
https://doi.org/10.1001/jama.2012.5521
http://www.ncbi.nlm.nih.gov/pubmed/22610500
https://doi.org/10.21037/tlcr.2016.11.05
https://doi.org/10.21037/tlcr.2016.11.05
http://www.ncbi.nlm.nih.gov/pubmed/28331823
http://www.IELCAP.org
https://doi.org/10.1164/rccm.200411-1479OC
http://www.ncbi.nlm.nih.gov/pubmed/15790860
https://doi.org/10.1183/09031936.05.00034805
http://www.ncbi.nlm.nih.gov/pubmed/16055882
https://doi.org/10.1378/chest.11-2209
https://doi.org/10.1378/chest.11-2209
http://www.ncbi.nlm.nih.gov/pubmed/22302301
http://www.ncbi.nlm.nih.gov/pubmed/9787927
https://doi.org/10.1136/bmj.1.4821.1194
http://www.ncbi.nlm.nih.gov/pubmed/13042186
https://doi.org/10.1016/j.lungcan.2007.05.009
https://doi.org/10.1016/j.lungcan.2007.05.009
http://www.ncbi.nlm.nih.gov/pubmed/17624475
https://doi.org/10.1016/j.cllc.2012.05.005
http://www.ncbi.nlm.nih.gov/pubmed/22868220
https://doi.org/10.1007/s00330-006-0532-7
http://www.ncbi.nlm.nih.gov/pubmed/17206426
https://doi.org/10.1136/thx.2003.008821
http://www.ncbi.nlm.nih.gov/pubmed/14985561
https://doi.org/10.1371/journal.pone.0231204

PLOS ONE

Bronchiectasis in lung cancer screening

26.

27.

28.
29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

Kanodra NM, Silvestri GA, Tanner NT. Screening and Early Detection Efforts in Lung Cancer. Cancer.
2015; 121(9):1347-1356. https://doi.org/10.1002/cncr.29222 PMID: 25641734

Aberle DR, Adams AM, Berg CD, Black WC, Clapp JD, Fagerstrom RM et al. Reduced lung-cancer
mortality with low- dose computed tomographic screening. N Engl J Med. 2011; 365(5):395-409.
https://doi.org/10.1056/NEJMoa1102873 PMID: 21714641

Bilton D J AL. Bronhiectasis: epidemiology and causes. Eur Respir Monogr. 2011; 52:1-10.

Martinez-Garcia MA M M. Bronchiectasis in COPD patients: more than a comorbidity? Int J Chron Obs
Pulmon Dis. 2017; 12:1401-1411.

Tang X, BiJ, Yang D, Chen S, Li Z, Chen Cet al. Emphysema is an independent risk factor for 5-year
mortality in patients with bronchiectasis. Clin Respir J. 2017; 6:887—-894.

Balkan A, Bulut Y, Fuhrman CR, Fisher SN, Wilson DO, Weissfeld JLet al. COPD phenotypes in a lung
cancer screening population. Clin Respir J. 2016; 1:48-53.

Young RP, Duan F, Chiles C, Hopkins RJ, Gamble GD, Greco EMet al. Airflow Limitation and Histology
Shift in the National Lung Screening Trial. The NLST-ACRIN Cohort Substudy. Am J Respir Crit Care
Med. 2015; 192(9):1060—1067. https://doi.org/10.1164/rccm.201505-08940C PMID: 26199983

Henkle E, Chan B, Curtis JR, Aksamit TR, Daley CL, Winthrop KL. Bronchiectasis patient characteris-
tics and healthcare utilization history in U.S. Medicare enrollees with prescription drug plans, 2006—
2014. Chest. 2018; 3692(18)31085-7.

Humphrey LL, Deffebach M, Pappas M, Baumann C, Artis K, Mitchell JP et al. Screening for Lung Can-
cer With Low-Dose Computed Tomography: A Systematic Review to Update the U.S. Preventive Ser-
vices Task Force Recommendation. Ann Intern Med. 2013; 159 (6):411-420. https://doi.org/10.7326/
0003-4819-159-6-201309170-00690 PMID: 23897166

Roberts HC, Patsios D, Paul NS, McGregor M, Weisbrod G, Chung T et al. Lung cancer screening with
low-dose computed tomography: Canadian experience. Can Assoc Radiol J. 2007; 58(4):225-235.
PMID: 18186434

Wildstein KA, Faustini Y, Yip R, Henschke Cl OJ. Longitudinal predictors of adherence to annual follow-
up in a lung cancer screening programme. J Med Screen. 2011; 18(3):154-159. https://doi.org/10.
1258/jms.2011.010127 PMID: 22045825

Marshall HM, Bowman RV, Yang IA, Fong KM B C. Screening for lung cancer with low-dose computed
tomography: a review of current status. J Thorac Dis. 2013; 5(Suppl 5:S):524—-539.

Cattaneo SM 2nd, Meisenberg BR, Geronimo MCM, Bhandari B, Maxted JW, Brady-Copertino CJ.
Lung Cancer Screening in the Community Setting. Ann Thorac Surg. 2018 Jun; 105(6):1627-1632.
https://doi.org/10.1016/j.athoracsur.2018.01.075 PMID: 29501646

Spalluto L, Lewis J, Sandler K, Massion P, Dittus R, Roumie C. Adherence to Annual Low-Dose CT
Lung Cancer Screening at a Large Academic Institution Journal of Thoracic Oncology. Volume 13,
Issue 10, Supplement, October 2018, Pages S967—-S968.

Henschke Cl, Yankelevitz DF, Libby DM, Pasmantier MW, Smith JP. Survival of Patients with Stage |
Lung Cancer Detected on CT Screening. N Engl J Med. 2006; 355(17).

Sanchez-Salcedo P, Berto J, de-Torres Juan P, Campo A, Alcaide AB, Bastarrika G et al. Cribado de
cancer de pulmon: catorce afos de experiencia del Programa Internacional de Deteccién Precoz de

Cancer de Puimén con TBDR de Pamplona (P-IELCAP). Arch de Bronconeumol. 2015; 51 (4):169—
176.

Kubo Takeshi, Ohno Yoshiharu, Nishino Mizuki, Lin Pei-Jan, Gautam Shiva, Kauczor Hans Ulrich. Low
dose chest CT protocol (50 mAs) as a routine protocol for comprehensive assessment of intrathoracic
abnormality. Eur J Radiol Open. 2016; 3: 86—94. https://doi.org/10.1016/j.ejr0.2016.04.001 PMID:
27957519

PLOS ONE | https://doi.org/10.1371/journal.pone.0231204  April 13, 2020 11/11


https://doi.org/10.1002/cncr.29222
http://www.ncbi.nlm.nih.gov/pubmed/25641734
https://doi.org/10.1056/NEJMoa1102873
http://www.ncbi.nlm.nih.gov/pubmed/21714641
https://doi.org/10.1164/rccm.201505-0894OC
http://www.ncbi.nlm.nih.gov/pubmed/26199983
https://doi.org/10.7326/0003-4819-159-6-201309170-00690
https://doi.org/10.7326/0003-4819-159-6-201309170-00690
http://www.ncbi.nlm.nih.gov/pubmed/23897166
http://www.ncbi.nlm.nih.gov/pubmed/18186434
https://doi.org/10.1258/jms.2011.010127
https://doi.org/10.1258/jms.2011.010127
http://www.ncbi.nlm.nih.gov/pubmed/22045825
https://doi.org/10.1016/j.athoracsur.2018.01.075
http://www.ncbi.nlm.nih.gov/pubmed/29501646
https://doi.org/10.1016/j.ejro.2016.04.001
http://www.ncbi.nlm.nih.gov/pubmed/27957519
https://doi.org/10.1371/journal.pone.0231204

