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ARTICLE INFO ABSTRACT
Keywords: Purpose: The aim of this study is to assess the role of traction bronchiectasis/bronchiolectasis and its progression
Interstitial lung abnormality as a predictor for early fibrosis in interstitial lung abnormalities (ILA).

Usual interstitial pneumonia
Pulmonary fibrosis

Traction bronchiectasis

Age Gene/Environment Susceptibility-
Reykjavik Study

Methods: Three hundred twenty-seven ILA participants out of 5764 in the Age, Gene/Environment Susceptibility
(AGES)-Reykjavik Study who had undergone chest CT twice with an interval of approximately five-years were
enrolled in this study. Traction bronchiectasis/bronchiolectasis index (TBI) was classified on a four-point scale: 0,
ILA without traction bronchiectasis/bronchiolectasis; 1, ILA with bronchiolectasis but without bronchiectasis or
architectural distortion; 2, ILA with mild to moderate traction bronchiectasis; 3, ILA and severe traction bron-
chiectasis and/or honeycombing. Traction bronchiectasis (TB) progression was classified on a five-point scale: 1,
Improved; 2, Probably improved; 3, No change; 4, Probably progressed; 5, Progressed. Overall survival (OS)
among participants with different TB Progression Score and between the TB progression group and No TB
progression group was also investigated. Hazard radio (HR) was estimated with Cox proportional hazards model.

Abbreviations: AGES-Reykjavik Study, Age Gene/Environment Susceptibility-Reykjavik Study; BMI, body mass index; HR, hazard ratio; ILA, interstitial lung
abnormalities; ILD, interstitial lung disease; OS, overall survival; TB, traction bronchiectasis; TBI, traction bronchiectasis/bronchiolecetasis index; TBI-R2, traction
bronchiectasis/bronchiolecetasis index on Round 2.
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Results: The higher the TBI at baseline, the higher TB Progression Score (P < 0.001). All five participants with
TBI = 3 at baseline progressed; 46 (90 %) of 51 participants with TBI = 2 progressed. TB progression was also
associated with shorter OS with statistically significant difference (adjusted HR = 1.68, P < 0.001).

Conclusion: TB progression was visualized on chest CT frequently and clearly. It has the potential to be the
predictor for poorer prognosis of ILA.

1. Introduction

Traction bronchiectasis or bronchiolectasis is one of the CT features
of usual interstitial pneumonia [1], representing pathologic dilatation of
bronchi or bronchiole, which results from the retractile fibrotic process
according to the areas of pulmonary fibrosis or architectural distortion
and leads to the formation of honeycombing [1-3]. It is sometimes
difficult to distinguish traction bronchiectasis from microscopic hon-
eycombing [4]. According to several radiological studies, traction
bronchiectasis can be associated with mortality or poor outcome in
interstitial lung disease (ILD) [5-8]. Interstitial lung abnormalities (ILA)
are incidentally detected on chest CT without clinical symptoms, found
in 3-17 % of cases in large cohort studies [9-13]. Imaging findings of
ILA include nondependent ground-glass or reticular abnormalities,
diffuse centrilobular nodularity, nonemphysematous cysts, honey-
combing, and traction bronchiectasis [9-12,14-17]. Multiple studies
have reported that a proportion of subjects with ILA progress to the early
phase of ILD [9,10,14-17]. Some reports showed that ILA and its pro-
gression are associated with decreased pulmonary function or increased
mortality [14,15,18-23].

It is not known whether traction bronchiectasis progresses or im-
proves over time, although many pulmonologists, radiologists, and pa-
thologists believe that traction bronchiectasis is probably irreversible
and progressive. It is also unknown whether progression of traction
bronchiectasis/bronchiolectasis is associated with overall survival (OS).

The aims of this study are to answer the following fundamental
questions: (1) Does traction bronchiectasis progress or improve over
time on observational study on CT scans? (2) Are there associations
between progression of bronchiectasis/bronchiolectasis and OS? The
overarching hypothesis of this study is that traction bronchiectasis and
bronchiolectasis may serve as a simpler and more reliable sign of early
fibrosis in ILA.

2. Materials and methods
2.1. Study population

This study was approved by the National Bioethics Committee in
Iceland (VSN: 00-063) and the institutional review boards of Brigham
and Women'’s Hospital. Written informed consents were obtained from
all the participants. Protocol of participant enrollment was same as
previous studies had reported [18,23]. The Age, Gene/Environment
Susceptibility (AGES)-Reykjavik Study is a longitudinal birth cohort
derived from the Reykjavik Study, which was established in 1967 and
includes men and women that were born in Reykjavik, Iceland from
1907 to 1935 and are now followed by the Icelandic Heart Association
[23]. Previous studies have examined the association between mortality
and ILA assessed by chest CT [18,24]. Recently, we have also reported
the association between traction bronchiectasis/brochiolectasis and ILA
mortality in 378 participants with ILA at baseline [8]. Of the 5764
participants with baseline CT scans recruited from 2002 to 2006, 3167
participants had follow-up/Round 2 chest CT scans from 2007 to 2011
(approximately five years after baseline CT). Time-to-mortality was
ascertained at the end of 2016 (at least five-year interval after Round 2

CT scan). All the CT images had been assessed and the presence or
absence of both ILA and its progression had been identified in the pre-
vious study [24]. For this study, we evaluated 327 subjects who un-
derwent follow-up chest CT and were diagnosed as ILA with chest CT
either on baseline or Round 2 CT scans, or both (Fig. 1). Demographic
data such as age, body mass index (BMI), sex, and smoking as well as
time-to-mortality were collected.

2.2. Traction bronchiectasis/bronchiolectasis index (TBI) and its
progression on CT images

Traction bronchiectasis/bronchiolectasis was defined as dilatation of
airway (i.e. bronchi and bronchioles) within areas demonstrating ILA on
chest CT. In 327 subjects with ILA, we scored the severity of traction
bronchiectasis/bronchiolectasis index (TBI) using a categorical 4-point
score as previously reported [8]: 0, ILA without traction bronchiecta-
sis/bronchiolectasis; 1, ILA with bronchiolectasis but without bronchi-
ectasis or architectural distortion; 2, ILA with mild to moderate traction
bronchiectasis; 3, ILA and severe traction bronchiectasis and/or hon-
eycombing. Progression of traction bronchiectasis (TB) was evaluated
with a categorical 5-point score: 1, Improved; 2, Probably improved; 3,
No change; 4, Probably progressed; 5, Progressed (Figs. 2-7).

Two experienced thoracic radiologists (T.H and H.H) interpreted the
anonymized images of chest CT and scored TBI of both baseline (TBI)
and follow-up/Round 2 (TBI-R2) by consensus, using workstation
(Vitrea; Canon Medical Systems Corp., Ohtawara, Japan). TB Progres-
sion Score was determined by observing CT images of both rounds as a
consensus. TB progression group was defined as TB Progression Score
equal to 4 or 5; No TB progression group was defined as TB Progression
Score equal to 1 or 2 or 3. The image analysis data were sent to Iceland
Heart Association after the image review, and the data including sur-
vival were then provided to the investigator’s team after deidentifica-
tion, so that the personal data of each participant were not identifiable.
The demographic and clinical data of all the participants were blinded to
the two radiologists.

2.3. Statistical analysis

Demographic data, except for sex and smoking history, was exam-
ined with one-way analysis of variance. The difference of distribution of
sex or smoking history among groups was studied with Chi-squared test.
The overall survival (OS) was assessed with Kaplan-Meier estimator.
Survival curves among the subjects with different TB Progression Score
or TBI-R2 were examined with the correction of Holm-Bonferroni
method. OS was defined as the particular period from the recruitment
to the AGES-Reykjavik study to the date of death of any cause or the end
of observation. Hazard ratio (HR) of TB progression group was calcu-
lated with Cox proportional hazards model adjusted with age, BMI, sex,
smoking history, and pack-year.

Statistical analyses were conducted with EZR (Saitama Medical
Center, Jichi Medical University, Saitama, Japan), and graphical user
interface for R 4.0.3 (R Foundation for Statistical Computing, Vienna,
Austria) [25]. More precisely, it is a modified version of R commander
designed to add statistical functions frequently used in biostatistics. A
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Registered participants (n=5764)

» Undergoing baseline chest CT

> Person born in Reykjavik, Iceland from 1907 to 1935, and recruited from 2002 to 2006

Ineligible participants (n=1597)
> No follow-up/Round 2 CT

Participants with both baseline and Round 2 CT scan (n=4167)
> Undergoing Round 2 CT scan from 2007 to 2011

Ineligible participants (n=3840)
> Failure to diagnose ILA on CT scans

Enrolled participant with ILA (n=327) |

Fig. 1. Flow charts of inclusion and exclusion criteria for this study.

two-sided value of P < 0.05 was considered statistically significant.
3. Results

When the degree of TB was compared (TB Progression Score) among
327 participants studied, 4 were improved (Score 1); 2 were probably
improved (Score 2); 130 were unchanged (Score 3); 46 were probably
progressed (Score 4); and 145 were progressed (Score 5). Of the 327
participants, 136 (41.6 %) were classified as No TB progression group
(Score 1, 2, or 3) and 191 (58.4 %) were classified as TB progression
group (Score 4 or 5). The higher the TBI at baseline, the higher the TB
Progression Score (P < 0.001) (Table 1). The participants with TBI = 3
(n = 5) at baseline were classified as Progression group in 100 %; par-
ticipants with TBI =2 (n =51) in 90 %; participants with TBI =1
(n = 65) in 57 %; participants with TBI=0 (n = 51) in 20 %. De-
mographic data are shown in Table 2. Demographic data, except for sex,
showed no statistically significant difference among different TB Pro-
gression groups.

Fig. 7 showed Kaplan-Meier survival curves among participants with
different TB Progression Scores (Fig. 8a) and between participants with
No TB progression and Progression groups (Fig. 8b). Due to the small
number of cases, TB Progression Score 1 (n = 4) and Score 2 (n = 2) was
summarized into Score 3 (n = 130) as No TB progression group. Sta-
tistically significant difference on survival curves were observed be-
tween No TB progression group and TB Progression Score 4 (Probably
Progressed) (P = 0.022), and between No TB progression group and
Score 5 (Progressed) (p < 0.001). The Cox proportional hazard model
indicated that TB progression is associated with increased all-cause
mortality in the long-term observation period (adjusted with age, sex,
BMI, smoking history and pack-year: HR = 1.68; 95 %CI = 1.21-2.34,
P < 0.001). The median OS were 11.56 years (95 %CI; 10.62-12.08) for
Progression group and 13.92 years (95 %CI; 13.30 — not reached) for No
TB progression group.

The data on TBI-R2 and Kaplan-Meier survival curve based upon TBI-
R2 are provided as Supplement with Table E1 and Fig. E1.

4. Discussion

This report confirmatory proved radiographic progression of traction
bronchiectasis over approximately 5 years. TB progression was observed
in participants with higher TBI at baseline. In addition, TB progression is
associated with increased risks for death.

Since there was no significant difference in age, BMI, smoking

&d

Fig. 2. TB Progression Score 5.

(a) TBI = 2. CT image demonstrated ground-glass and reticular opacities with
sub-pleural and basal distribution with mild traction bronchiectasis indicating
Subpleural fibrotic ILA.

(b) TBI = 3. Follow-up CT image demonstrated marked interval progression of
ground-glass and reticular opacities with sub-pleural and basal distribution.
Note is made of severe traction bronchiectasis associated with architectural
distortion.

TBI, traction bronchiectasis/bronchiolectasis index; ILA, interstitial lung
abnormality
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Fig. 3. TB Progression Score 5.

(a) TBI = 3. CT image demonstrated ground-glass and reticular opacities with
sub-pleural and basal predominance associated with severe traction bronchi-
ectasis and architectural distortion.

(b) TBI = 3. Follow-up CT image demonstrated further progression of fibrotic
lung disease with severe traction bronchiectasis and honeycombing.

TBI, traction bronchiectasis/bronchiolectasis index

history or pack-year among different TB progression groups, except for a
trend of higher TB progression score in male participants, TB probably
progresses regardless of age, and smoking. It was not surprising to find
that TB progressed in 90-100 % of participants with mild, moderate and
severe TB at baseline (TBI = 2 or 3). No participants with TB at baseline
demonstrated the improvement of TB in five-year interval, which
confirmed the assumption that TB is an irreversible radiographic and
pathological process characterizing pulmonary fibrosis. On the other
hand, participants with traction bronchiolectasis (TBI =1; n = 65)
demonstrated improvement in 6 (9%), no change in 22 (34 %), and
progression in 37 (57 %). This result suggests that traction bronchio-
lectasis may be a marker of early pulmonary fibrosis. Conversely, lack of
traction bronchiolectasis in ILA participants (TBI = 0) appears to serve
as benign prognostic marker, considering only 20 % showed interval
development of TB/traction bronchiolectasis.

The prognostic importance of TB/traction bronchiolectasis is in
keeping with previous studies which have reported that the degree of TB
was an influential factor for the prognosis of ILA, idiopathic pulmonary
fibrosis and chronic hypersensitivity —pneumonitis [5,6,8,26].

European Journal of Radiology Open 8 (2021) 100334
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Fig. 4. TB Progression Score 5.

(a) TBI = 2. CT image demonstrated ground-glass and reticular opacities with
sub-pleural and basal distribution and mild traction bronchiectasis associated
with architectural distortion in the left basal area.

(b) TBI = 2. Follow-up CT image demonstrated obvious progression of ground-
glass and reticular opacities with moderate traction bronchiectasis and
increased architectural distortion.

TBI, traction bronchiectasis/bronchiolectasis index

a
b

Approximately half of the participants in TB progression group (93/191)
had no ILA at baseline, indicating the development of ILA in the interval
of five years. Alternatively, some of these cases may be underrecognized
at the baseline evaluation of ILA. Further investigation of this group is
required.

Kaplan-Meier survival curve demonstrated the association of TB
progression with mortality (P < 0.001). The survival curve showed that
TB progression group has increased risk of all-cause mortality compared
with No TB progression group (adjusted HR =1.68; 95 %
CI = 1.21-2.34, P < 0.001). Recently, Jacob et al. [27] have reported
that interval change of severity of TB was the most influential factor of
mortality in IPF patients despite declines of forced vital capacity. Sug-
gestively, TB has the potential to predict OS with independence of
background pulmonary fibrosis or pulmonary function. We note that
155 subjects (47,4%) out of 327 subjects did not have ILA at the baseline
as shown in Table 1. When OS was compared between 155 subjects with
ILA and 172 subjects without ILA, no statistical difference in OS was
observed (p = 0.409). The concept of the spectrum from ILA to UIP was
emerging and getting attraction [15]. Fibrotic ILA, often accompanying
TB/traction bronchieolctasis, and its temporal change may be more
noteworthy than ever.

TB on chest CT has been observed as pathological honeycombing or



T. Hino et al.

Fig. 5. TB Progression Score 4.

(a) TBI = 2. CT image demonstrated ground-glass reticular opacities with sub-
pleural and basal predominance with mild traction bronchiectasis associated
with architectural distortion.

(b) TBI = 2. Follow-up CT image demonstrated probable increase in traction
bronchiectasis and architectural distortion.

TBI, traction bronchiectasis/bronchiolectasis index

cysts around peripheral airway [15,28,29]. Peripheral TB on HRCT was
emphasized on the clinical guideline; possible UIP pattern, which
sometimes resembled ILA, could correspond to pathological UIP under
the presence of TB on HRCT [10,13,30]. On the other hand, pathological
honeycombing or TB were sometimes observed in subjects with ILA
without TB on chest CT [15,28,31]. In several studies, honeycombing
could be considered a result of remodeling from TB [28,32-34]. Staats
et al. [28] have reported that the degree of honeycombing on
high-resolution CT was significantly correlated with that of both path-
ological traction bronchiolectasis and dilated cysts around pulmonary
epithelium or fibroblast foci. In terms of both pathology and radiology,
TB/traction bronchiolectasis and honeycombing are considered to be
associated with each other in the continuous spectrum of bronchiolar
remodeling.

Our study has several limitations. First, the age of participants in this
cohort is relatively high due to the characteristics of the AGES-Reykjavik
study. It includes men and women born from 1907 to 1935; the average
age of participants enrolled in this study amounted to seventy-six. Hoyer
et al. [35] reported that ILA subjects were subject to respiratory disease

European Journal of Radiology Open 8 (2021) 100334
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Fig. 6. TB Progression Score 2.

(a) TBI = 1. CT image demonstrated ground-glass and reticular opacities with
sub-pleural and basal distribution.

(b) TBI = 1. Follow-up CT image demonstrated probable dedrease in ground-
glass and reticular opacities in the interval.

TBI, traction bronchiectasis/bronchiolectasis index

such as chronic obstructive pulmonary disease, lung cancer and pneu-
monia. However, the cause of death of participants was not identified in
our study. Second, the distribution of the enrolled participants differed
between the TB progression group and the No TB progression group,
with a higher proportion of males in the progression group. However,
the survival effect persisted after adjustment for sex. Third, our study
depended on only visual evaluation. In the previous study, the visual
interobserver agreement of TB was equal to 0.75: substantial agreement
[81.

In conclusion, TB progression is associated with higher baseline TBI
and shorter OS in ILA patients. The interval change of traction bron-
chiectasis/bronchiolectasis has the potential to be the predictor for
poorer prognosis of ILA.
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Fig. 7. TB Progression Score 1.

(a) TBI = 1. CT image demonstrated ground-glass and reticular opacities with
sub-pleural and basal distribution associated with bronchilectasis.

(b) TBI = 0. Follow-up CT image demonstrated the near-complete resolution of
the previously identified sub-pleural ground-glass and reticular opacities as
well as bronchiolectgasis.

TBI, traction bronchiectasis/bronchiolectasis index
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Table 1
TBI on both first and second round chest CT.
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Iceland (VSN: 00-063) and the institutional review boards of Brigham
and Women’s Hospital. Written informed consents were obtained from
all the participants.

The image analysis data were sent to Iceland Heart Association after
the image review, and the data including survival were then provided to
the investigator’s team after deidentification, so that the personal data
of each participant were not identifiable.

This study does not include animal experiment. We use only de-
mographic and image data.

Thus, we state that this study is based on the declaration of Helsinki.
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Table 2
Demographic data of participants.

TB Progression Score / 5-year-interval

Score 1, 2, 3 Score 4 Score 5
No change or Probably Progressed
Improved Progressed
No TB TB progression group
progression
group
(n =136)" (n = 46) (n = 145) P
value
Age, 75.1 + 4.5 76.5 + 5.5 76.0 + 5.2 0.15
years [67-87] [68—91] [67—-89]
BMI 27.8+5.2 27.3+3.7 27.9+ 3.8 0.70
[17.5-46.6] [18.6—36.6] [17.3—-45.0]
Sex, n
Male 61 27 85 0.048'
Female 75 19 60
Smoking history, n
Never 47 17 31
Former 67 24 95 0.052
Current 21 5 19
Unknown 1 0 0
Pack-year 7.8 [0-178.6] 10.0 [0-64.0] 12.3 [0-116.1] 0.61

TBI; traction bronchiectasis/bronchiolectasis index.
Age and BMI are described as mean + standard deviation [range], while Pack-
year is described as median [range].

“ TB Progression Score 1 (n = 4) and Score 2 (n = 2) are included in Score 3
(n = 130) due to small number of cases.

P value is for the comparison among all groups by one-way analysis of
variance.

¥ P value is for the comparison among all groups by Chi-squared test.

TB Progression Score / 5-year-interval

Score 1 Score 2 Score 3 Score 4 Score 5
Improved Probably Improved No change Probably Progressed Progressed
No TB progression group TB progression group
TBI n (n=4) n=2) (n=130) (n = 46) (n = 145) P value
TBI =3 5 0 0 0 0 5
. TBI =2 51 0 0 5 10 36
ILA at baseline TBI=1 65 4 2 22 24 13 <0.001'
TBI =0 51 0 0 41 2 8
No ILA at baseline 155 0 0 62 10 83

TB, traction bronchiectasis; TBI, traction bronchiectasis/bronchiolectasis index; ILA, interstitial lung abnormalities.
f P value is for the comparison among all groups by one-way analysis of variance on ranks.
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Fig. 8. (a) Survival curves among participants stratified by TB Progression
Score. TB Progression Score 1 (n = 4) and Score 2 (n = 2) are included in Score
3 due to small number of cases. The survival curve of Score 3 was different with
statistical significance from that of Score 4 and Score 5 (P = 0.022, P < 0.001,
respectively).

(b) Survival curves among participants stratified by the presence of TB pro-
gression. TB progression group increased the risk for all-cause mortality
(adjusted HR = 1.68; 95 %CI = 1.21-2.34, P < 0.001). Median OS were 11.56
years (95 %CI; 10.62-12.08) for TB progression group and 13.92 years (95 %CI;
13.30 - not reached) for No TB progression group, respectively.

TB, traction bronchiectasis; OS, overall survival, HR, hazard ratio
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