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Abstract
Objectives To evaluate the longitudinal changes of chest CT findings in patients with chronic hypersensitivity pneumo-
nitis (HP) and identify risk factors for fibrotic progression and acute exacerbation (AE).
Methods This retrospective study included patients with chronic HP with follow-up CT. Baseline and serial follow-up
CT were evaluated semi-quantitatively. Fibrosis score was defined as the sum of the area with reticulation and
honeycombing. The modified CT pattern of Fleischner Society idiopathic pulmonary fibrosis diagnostic guidelines
was evaluated. Cox proportional hazards regression was performed to determine significant variables associated with
fibrotic progression and AEs.
Results Of 91 patients, mean age was 59.1 years and 61.5% were women. The median follow-up period was 4.9 years.
Seventy-nine patients (86.8%) showed fibrotic progression with persistent areas of mosaic attenuation, finally replaced
by fibrosis, and 20 (22.0%) developed AE. Baseline fibrosis score and CT pattern of usual interstitial pneumonia (UIP)/
probable UIP were independent risk factors for predicting fibrotic progression (hazard ratio [HR] = 1.05, 95% confi-
dence interval [CI] = 1.02–1.09, p < 0.001, for fibrosis score; HR = 2.50, CI = 1.50–4.16, p < 0.001, for CT pattern) and
AEs (HR = 1.07, CI = 1.01–1.13, p = 0.019, for fibrosis score; HR = 5.47, CI = 1.23–24.45, p = 0.026, for CT pattern)
after adjusting clinical covariables.
Conclusion Fibrotic progression and AE were identified in 86.8% and 22.0% of patients with chronic HP. Fibrosis score and CT
pattern of UIP/probable UIP on baseline chest CT may predict fibrotic progression and AE.
Key Points
•Most patients (87%) showed fibrotic progression on long-term follow-up with persistent areas of mosaic attenuation that were
finally replaced by fibrosis at a later stage.

• One-fifth of patients (22%) experienced acute exacerbation associated with worse prognosis.
• Fibrosis score (sum of reticulation and honeycombing) and CT pattern of UIP/probable UIP on baseline CT were independent
predictors for predicting fibrotic progression and acute exacerbation.
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Abbreviations
AE Acute exacerbation
AUC Area under the receiver operating characteristic curve
BAL Bronchoalveolar lavage
CI Confidence interval
CT Computed tomography
DLCO Diffusing capacity for carbon monoxide
FEV1 Forced expiratory volume in 1 s
FVC Forced vital capacity
GGO Ground-glass opacity
HP Hypersensitivity pneumonitis
IPF Idiopathic pulmonary fibrosis
ROC Receiver operating characteristic
UIP Usual interstitial pneumonia

Introduction

Hypersensitivity pneumonitis (HP) is a diffuse interstitial lung
disease that results from an immunologic response to various
inhaled antigens in susceptible individuals [1]. HP can be
classified into two different categories: acute/inflammatory
HP and chronic/fibrotic HP [2]. The presence of fibrotic
change on high-resolution computed tomography (CT) im-
ages or lung tissue indicates chronic fibrotic HP. The clinical
course and outcomes of chronic HP are highly variable. Some
patients can show stable disease and may also experience
partial recovery; however, some patients can show disease
progression and manifest acute respiratory decline during the
clinical course, similar to acute exacerbation (AE) in patients
with idiopathic pulmonary fibrosis (IPF). However, predicting
the course of the disease and the risk of fibrotic progression in
each individual remains a challenge for clinicians, and it is
difficult to decide the initiation of drug treatment.

Previous studies have shown that clinical, histopathologic,
and radiologic findings can predict prognosis in chronic HP
[1, 3–7] and patients with radiologic and histopathologic ev-
idence of fibrosis or usual interstitial pneumonia (UIP)-like
pattern of fibrosis experience worse survival than those with-
out. However, few studies have evaluated the serial CT chang-
es over a period of time in patients with chronic HP and no
analysis was presented regarding the fibrotic progression
based on imaging as an endpoint, which can be an early prog-
nostic indicator. Acute exacerbation (AE) in IPF is increasing-
ly recognized as a relatively common and highly morbid clin-
ical event. AE is also reported in non-IPF patients and seems
to be associated with worse outcomes [8, 9]. However, data in
patients with chronic HP are limited, and the risk factors as-
sociated with the AE are poorly defined [4, 10].

Therefore, the primary aim of our study was to evalu-
ate longitudinal changes in chest CT features in patients
with chronic HP and to identify risk factors for fibrotic
progression and AE.

Materials and method

Study population

Retrospective analysis of the interstitial lung disease databases
of Asan Medical Center (a tertiary referral hospital in Seoul,
Republic of Korea) identified 101 consecutive patients with
chronic HP between January 2002 and December 2017. All
patients underwent surgical or transbronchial lung biopsy and
were diagnosed with chronic HP through a multidisciplinary
discussion. Among the 101 patients, 10 were excluded since
serial follow-up CTs with an interval of more than 1 year were
not available. Finally, 91 patients with definite HP and follow-
up CTwith an interval longer than 1 year were included in this
study. This study was approved by the Institutional Review
Board (2019–1365) of Asan Medical Center, and the require-
ment for informed consent was waived due to the study’s
retrospective nature.

Clinical data

Clinical and survival data of all patients were obtained from
medical records, telephone interviews, and/or the records of
the National Health Insurance Service of Korea.
Bronchoalveolar lavage (BAL) was performed in accordance
with the guidelines [11]. AE of chronic HP was defined as
acute, clinically significant respiratory deterioration of un-
known cause, typically within one month, and characterized
radiologically by new bilateral opacities according to the
criteria suggested for IPF [12].

Analysis of CT findings

CT scans were performed at the time of the initial diagnosis
and at sequential follow-up. CT scans were considered of
diagnostic quality if they included thin-section images with
reconstruction interval less than 2 mm, were through the
whole thorax, and were free of significant motion artifacts.
To evaluate serial changes in chest CT features and to deter-
mine risk factors for fibrotic progression and AE, baseline and
serial follow-up CTs were evaluated qualitatively and semi-
quantitatively. Two chest radiologists (E.J.C. and J.C.), who
were blinded to all clinical data except the diagnosis of chron-
ic HP, reviewed and scored the baseline CTs, with discrepan-
cies resolved by consensus. Fibrotic progression was defined
as an increase in extent of interstitial fibrosis including retic-
ulation, honeycombing, and/or traction bronchiectasis on CT
which was reviewed by consensus between the two observers.

For the semi-quantitative analysis of chest CT, the average
extent of reticulation, honeycombing, ground-glass opacity
(GGO), mosaic attenuation (on inspiration), consolidation,
and nodules were scored to the nearest 10th percentile in 6
lung zones as previously described [13]. The mean extent of

3994 Eur Radiol (2021) 31:3993–4003



reticulation and honeycombing were summed and defined as
the total fibrosis score. The severity of bronchiectasis (grade
0–3) was assessed by modifying the previously described CT
score in each of the six lung zones [14]. The final bronchiec-
tasis grade was then calculated by summing the grades of each
of the lung zones (range 0–18). All serial follow-up CTs ac-
quired during the follow-up period were evaluated semi-
quantitatively (J.C.).

Furthermore, to evaluate whether the UIP pattern on CT
was associated with fibrotic progression, baseline CT scans
were classified using a modification of the Fleischner Society
IPF diagnostic guidelines [15]. To apply these diagnostic
criteria to the HP population, the previous diagnostic criteria
were modified by excluding mosaic attenuation and distribu-
tion from the list of features of alternative diagnosis
prohibiting a UIP diagnosis, as previously described for pa-
tients with rheumatoid arthritis-associated interstitial lung dis-
ease [16].

Statistical analysis

Data and statistical analyses were performed using SPSS
(SPSS software, version 23.0; IBM) and R software (version
3.6.3, [www.R-project.org]). Univariable and multivariable
Cox proportional hazards regression analyses were
performed to determine significant variables associated with
fibrotic progression and AE occurrence. The definition of
fibrotic progression-free survival was time from diagnosis to
the fibrotic progression on CT or death. From the multivari-
able analysis, adjusted hazard ratio (HR) was evaluated for the
significant imaging parameters as pre-specified covariables.
Additional covariables were selected based on the clinical
importance and from significant predictors of univariable
analysis, including collinearity and numbers of events. Three
models were tested with the addition of age, sex, and pulmo-
nary function (forced vital capacity [FVC] or diffusion capac-
ity for carbon monoxide [DLco], respectively, for fibrotic pro-
gression and AE) as covariables to those pre-specified. The
overall performance of the imaging parameter predicting fi-
brotic progression and AE was evaluated using Harrell’s C-
index, and the optimal cut-off values of continuous variables
predicting fibrotic progression and AE were determined using
the algorithm that splits the cohort into two groups by estima-
tion of the optimal cut-off point with the highest log-rank
statistics [17]. Time-dependent receiver operating characteris-
tic (ROC) curve was calculated for risk scores and area under
the ROC curve (AUC), sensitivity, and specificity using the R
package timeROC [18]. To investigate the longitudinal chang-
es of parenchymal abnormalities among patients, we per-
formed linear mixed model for analyzing the repeated mea-
sures considering the repeated CT scans per patient, using
PROC MIXED procedure. Fibrotic progression-free survival
and overall survival were evaluated using Kaplan–Meier

curves and the log-rank test. In all analyses, p < 0.05 was
considered statistically significant.

Results

Study population

The characteristics of 91 patients included in the study are
summarized in Table 1. The mean age was 59.1 years and
61.5% were women. The median follow-up period was 4.9
years (interquartile range, 3.2–8.1 years). Death occurred in
39 (42.9%) patients, and the median survival time was 9.5
years.

Serial changes in CT features

Seventy-nine (86.8%) showed fibrotic progression during the
follow-up period. The median imaging follow-up time be-
tween the initial and last CT was 3.9 years (range, 1.0–10.9
years), and the median follow-up interval between each CT
was 12.7 months (range, 11.0–71.1 months) in all patients.
The median imaging follow-up time between the initial and
last CT was 2.21 years (range, 1.0–6.3 years) in patients with-
out fibrotic progression and 4.1 years (range 1.0–10.9 years)
in those with fibrotic progression. The 1- and 2-year cumula-
tive incidence of fibrotic progression was 15.4% and 41.7%,
respectively. In patients with fibrotic progression, the median
fibrotic progression-free survival was 2.1 years (95% confi-
dence interval [CI], 1.6–10.9).

Table 1 Clinical characteristics and pulmonary function indices of all
patients

Characteristics Number

Age (years) 59.1 ± 10.7

Male 35 (38.5)

Ever-smoker
Smoking pack-years of ever-smoker (years)

34 (37.4)
10.3 ± 16.6

Pulmonary function test

FVC% predicted 70.4 ± 18.6

FEV1% predicted 77.0 ± 16.8

DLCO% predicted 55.9 ± 22.4

Exposure to antigen 80 (87.9)

BAL fluid analysis

Lymphocyte, % 26.4 ± 19.6

Lympho-dominance (≥ 20%) 35 (38.5)

Data are presented as number (%) or average ± standard deviation

FVC forced vital capacity, FEV1 forced expiratory volume in the first
second, DLCO diffusion capacity for carbon monoxide, BAL bronchoal-
veolar lavage, HP hypersensitivity pneumonitis
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When changes in CT features between initial and last
follow-up were assessed, reticulation, honeycombing, and
traction bronchiectasis showed significant increase (change
in extent of reticulation, 10.6 ± 8.6%; honeycombing, 3.9 ±
5.8%; and traction bronchiectasis grade, 3.6 ± 3.4) in patients
with fibrotic progression. Areas of mosaic attenuation were
mostly persistent in patients with fibrotic progression.
Among the 79 patients with fibrotic progression, 24 (24/79,
30.3%) showed a decrease in the extent of areas of mosaic
attenuation, which were finally replaced by fibrosis in the
course of fibrotic progression (Fig. 1). The other 55 patients
showed persistent and unchanged areas of mosaic attenuation.
No patient showed significant increase in the extent of mosaic
attenuation since the baseline CT. There was a tendency of
improvement of GGO and nodules (change in extent of GGO,
− 7.5 ± 16.6% and nodule, − 4.7 ± 12.7%) in patients who did
not show fibrotic progression during the follow-up period.

Risk factors of fibrotic progression

In a Cox proportional hazards model, the univariable analysis
identified age, baseline FVC, UIP CT pattern, extent of retic-
ulation, extent of GGO, total fibrosis score, and bronchiectasis
grade on baseline CT as significant factors associated with
fibrotic progression (Table 2). Neither the presence nor the
extent of mosaic attenuation was associated with fibrotic pro-
gression. In the multivariable Cox proportional hazards anal-
ysis, baseline fibrosis score and UIP or probable UIP CT pat-
tern were independent predictors of fibrotic progression when
adjusted by sex, age, and baseline FVC (Table 2).

The C-index for predicting fibrotic progression was 0.66.
The AUC for predicting fibrotic progression was 0.69 at 3
years (e-Figure 1). The best cut-off level for fibrosis score
was 10%. For 10% cut-off value of baseline fibrosis score,
sensitivity and specificity were 69.9% and 57.9% for 3-year
fibrotic progression. Figure 2 shows the changes in the overall
extent of parenchymal abnormalities during the follow-up pe-
riod subdivided based on the baseline fibrosis score. There
were a significant increase in the extent of honeycombing
and fibrosis score (Wilcoxon test, p < 0.001) and a slight
decrease in the extent of mosaic attenuation (p = 0.002) on
2-year follow-up CT compared to the baseline CT in patients
with baseline fibrosis score ≥ 10% but not in those with base-
line fibrosis score < 10% (Table 3).?]

Patients could be stratified into high- or low-risk groups of
fibrotic progression based on the 10% cut-off value (median
fibrotic progression-free survival: 2.0 years [95% CI, 1.6–2.2]
for the high-risk group and 3.1 years [95% CI, 2.3–10.9] for
the low-risk group; log-rank test, p = 0.001) (Fig. 3). Overall
survival was significantly different between the high- and
low-risk groups when stratified according to the baseline fi-
brosis score (log-rank test, p < 0.001; e-Figure 2). When the
Fleischner system of IPF was examined for fibrotic

progression, there was a significant difference in outcomes
among the four groups (log-rank test, p = 0.001) and between
patients with UIP or probable UIP CT pattern and the others
(log-rank test, p < 0.001; Fig. 3).

Fig. 1 65-year-old female with chronic HP. a Baseline axial thin-section
CT scan at the level of the lung base shows bilateral peribronchovascular
ground-glass opacities (GGOs), traction bronchiectasis, and reticular
opacities admixed with areas of mosaic attenuation (arrows). b One-
year follow-up CT showsmild progression of fibrosis with slight increase
in extent of reticular opacities and mild aggravation of traction bronchi-
ectasis in both lung bases. However, the areas of mosaic attenuation are
spared and persistent (arrows). c Three-year follow-up CT shows marked
increase in extent of reticular opacities and honeycombing in both lung
bases, also replacing the previous areas of mosaic attenuation in the left
lower lobe (arrowhead). However, the areas of mosaic attenuation in the
right lower lobe are relatively spared from the increase of fibrosis (arrow)
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Risk factors of acute exacerbation

During the follow-up period, 20 (22.0 %) patients showed AE,
and the mortality rate was 36.8% (7/20). The extent of
honeycombing and fibrosis score on baseline CT were signifi-
cantly higher in patients with AE than in those without AE (p =
0.019 for honeycombing and p= 0.037 for fibrosis score; e-Table
2). The extent ofGGOon baseline CTwas significantly higher in
patients without AE than in those with AE (p = 0.003). Among
12 patients with available follow-up chest CT after AE, 66.7%
(8/12) showed fibrotic progression on follow-up CT after AE,
with marked aggravation of bronchiectasis (change in bronchi-
ectasis grade, median 4 [range 3–8]).

Univariable analysis revealed that older age at diag-
nosis, presence of honeycombing, UIP CT pattern,
higher extent of reticulation and honeycombing, lower
extent of GGO, and higher grade of bronchiectasis and
fibrosis score on baseline CT were associated with AE
events (Table 4). Baseline DLCO showed marginal sig-
nificance (p = 0.051) as a clinical predictor of AE.

Higher baseline fibrosis score and UIP or probable
UIP CT pattern were significant independent predictors
of AE when adjusted by clinical covariables (Table 4).

The C-index of fibrosis score for predicting AE was
0.71. The AUC for predicting AE was 0.75 for 3 years
(e-Figure 1). The best cut-off for fibrosis score was 13%.
For the 13% cut-off value of baseline fibrosis score, sen-
sitivity and specificity were 83.4% and 55.4% for 3-year
AE. Patients could be stratified into high- and low-risk
groups of AE based on the cut-off value of the baseline
fibrosis score (log-rank test, p = 0.036 for 10% cut-off
and p = 0.001 for 13% cut-off; Fig. 4). Patients could also
be stratified based on the presence of the UIP CT pattern
showing different outcomes for AE occurrence (Fig. 4).

Discussion

Our study assessed the disease trajectory of patients with
chronic HP on serial follow-up CT. Although chronic HP

Table 2 Univariable and multivariable Cox regression for prediction of fibrotic progression-free survival

Variables (reference) Unadjusted HR p value Model 1
Adjusted HR

p value Model 2
Adjusted HR

p value Model 3
Adjusted HR

p value

Sex, male (female) 1.30 (0.83–2.04) 0.246 1.52 (0.93–2.48) 0.095 1.57 (0.96–2.56) 0.073 1.56 (0.95–2.55) 0.077

Age 1.03 (1.01–1.05) 0.017 1.01 (0.98–1.03) 0.587 1.00 (0.95–1.03) 0.973 1.00 (0.97–1.02) 0.934

Smoker (non-smoker) 1.15 (0.74–1.80) 0.537

Baseline FVC% predicted 0.98 (0.96–0.99) 0.002 0.98 (0.97–1.00) 0.018 0.97 (0.96–0.99) < 0.001 0.98 (0.96–0.99) 0.005

Baseline DLCO% predicted 0.99 (0.98–1.00) 0.061

Exposure to antigen 0.87 (0.46–1.65) 0.666

BAL lymphocyte, % 0.99 (0.98–1.01) 0.233

Treatment†

Steroid only 0.90 (0.57–1.42) 0.652

Immunosuppressant 1.05 (0.65–1.69) 0.842

Presence of honeycombing 1.46 (0.90–2.37) 0.129

Presence of mosaic attenuation 0.89 (0.36–2.22) 0.805

CT pattern (alternative diagnosis)

UIP 1.91 (1.06–3.43) 0.030

Probable UIP 2.64 (1.46–4.76) 0.001

Indeterminate for UIP 0.58 (0.23–1.43) 0.576

UIP or probable UIP CT pattern 2.54 (1.57–4.11) 0.001 2.50 (1.50–4.16) < 0.001 1.97 (1.15–3.39) 0.014

Reticulation, extent 1.07 (1.04–1.10) < 0.001

Honeycombing, extent 1.03 (0.91–1.16) 0.621

GGO, extent 0.98 (0.97–1.0) 0.046

Mosaic attenuation, extent 1.00 (0.98–1.02) 0.712

Nodule, extent 0.96 (0.91–1.01) 0.093

Bronchiectasis grade 1.10 (1.01–1.19) 0.029

Fibrosis score 1.06 (1.03–1.09) < 0.001 1.05 (1.02–1.09) < 0.001 1.04 (1.00–1.08) 0.042

HR hazard ratio, FVC forced vital capacity, DLCO diffusion capacity for carbon monoxide, BAL bronchoalveolar lavage, UIP usual interstitial pneu-
monia, GGO ground-glass opacity
†Treatment prior to the event of fibrotic progression

3997Eur Radiol (2021) 31:3993–4003



3998 Eur Radiol (2021) 31:3993–4003



has been known to have a variable clinical course, in our
study, most of the patients (86.6%) showed fibrotic progres-
sion on CT. Serial follow-up CTs showed increased extent of
fibrosis (reticulation, honeycombing, and traction bronchiec-
tasis) with relatively spared areas of mosaic attenuation that
were finally replaced by fibrosis in the later stage of progres-
sion. Moreover, a substantial proportion of patients (22.0%)
experienced AE during the follow-up period, which resulted
in worse prognosis and progression of fibrosis. Fibrosis score
and UIP or probable UIP CT pattern on baseline CT were
significant risk factors for predicting both fibrotic progression
and AE events.

Previous studies have reported that a proportion of patients
with chronic HP exhibit a rapid decline in lung function and
progression to death, as in the case of patients with IPF [5, 19].
Numerous analyses highlight the prognostic value of identifi-
cation and/or quantification of radiologic fibrosis in patients
with chronic HP in relation to survival [3, 5, 20, 21]. In

previous studies, honeycombing and fibrosis were associated
with a worse prognosis, while the presence of mosaic attenu-
ation or air trapping was associated with a better prognosis.
Our findings are consistent with previous studies demonstrat-
ing that the presence of pulmonary fibrosis on CT is indepen-
dently associated with worse survival. In this study, we paid
particular attention to the assessment of fibrotic progression as
an endpoint to identify a progressive fibrotic phenotype that
might need early initiation of treatment and more active fol-
low-up. We found that reticulation, bronchiectasis, and fibro-
sis score, which is a sum of the extent of reticulation and
honeycombing, were significant risk factors for early fibrotic
progression. In multivariable analysis, the total extent of fibro-
sis on baseline CT, whether it was honeycombing or not (i.e.,
fibrosis score) were powerful independent risk factors
predicting fibrosis progression, along with FVC.

Chung et al [3] evaluated the associations between mosaic
attenuation and air trapping with a reduced hazard of death. In
our study, the extent of mosaic attenuation was not a signifi-
cant prognostic factor predicting fibrotic progression. The dis-
crepancy in results can be due to a different time point of
observation, and it is uncertain whether dichotomized pres-
ence or extent of mosaic attenuation is an independent prog-
nostic factor or not [3, 5, 22]. However, it is evident that
patients who show predominant acute HP-like CT features,
such as centrilobular nodules and GGOs which might reflect
the active/inflammatory cellular phase of HP with only mini-
mal or absence of fibrosis on initial CT, are less likely to show

�Fig. 2 Serial CT changes in overall extent of parenchymal abnormalities
of patients subdivided based on baseline fibrosis score. Serial changes in
overall extent of (a) total fibrosis score, (b) reticulation, (c)
honeycombing, (d) mosaic attenuation, (e) ground-glass opacity, (f)
nodule, and (g) grade of bronchiectasis on CT. Linear mixed model was
used for analyzing the repeated measures considering the longitudinal
follow-up CT per patient. Patients were subdivided based on baseline
fibrosis score (fibrosis score of high-risk group ≥ 10% and fibrosis score
of low-risk group < 10%). The large dots indicate the mean of data at each
time point, and error bars indicate the standard error of the mean.

Table 3 Changes in CT findings on follow-up CTs: comparison of patients with high baseline fibrosis score (≥ 10%) and low baseline fibrosis score (<
10%)

Finding Baseline fibrosis score < 10% Baseline fibrosis score ≥ 10%

Baseline
(n = 25)

2-year follow-up
(n = 17)

Δ†

(n = 17)
Baseline
(n = 66)

2-year follow-up
(n = 58)

Δ†

(n = 58)

Reticulation 3.3
(0, 6.7)

6.7
(3.3, 10.0)

0
(0, 5.0)

15.0
(11.7, 20.4)

18.3
(15.0, 25.0)

3.3
(0, 5.0)

Honeycombing 0
(0, 0)

0
(0, 0)

0
(0, 0)

0
(0, 1.7)

0
(0, 3.3)

0
(0, 1.7)

GGO 13.3
(3.3, 33.3)

5.8
(0.8, 20.8)

0
(− 13.3, 0)

3.3
(0, 11.7)

4.2
(0, 11.7)

0
(0, 0)

Mosaic attenuation 8.3
(0, 17.5)

8.3
(0, 18.3)

0
(0, 0)

13.3
(5.0, 20.0)

11.7
(5.0, 18.3)

0
(0, 0)

Nodule 1.7
(0, 8.3)

0
(0, 3.3)

0
(− 3.3, 0)

0
(0, 3.3)

0
(0, 3.3)

0
(0, 0)

Bronchiectasis grade 0
(0, 2)

2
(0, 4)

0
(0, 1)

3
(2, 4)

4
(3, 8)

1
(0, 2)

Fibrosis score 5.0
(0, 6.7)

5.8
(0, 10.0)

0
(0, 3.3)

16.7
(11.7, 21.7)

21.7
(15.0, 26.7)

3.3
(0, 6.7)

Values are given as median with interquartile range in parentheses

GGO ground-glass opacity
†Δ values are change in extent of parenchymal abnormalities between 2-year follow-up and baseline CT (CT score on 2-year follow-up CT − CT score
on baseline CT)

3999Eur Radiol (2021) 31:3993–4003



Fig. 3 Kaplan–Meier curve of
fibrotic progression subdivided
according to the baseline fibrosis
score (cut-off value, 10%) and the
usual interstitial pneumonia (UIP)
CT pattern based on the
Fleischner Society idiopathic pul-
monary fibrosis (IPF) diagnostic
guidelines. a Risk stratification
based on fibrosis score on base-
line CT (fibrosis score of high-
risk group ≥ 10% and fibrosis
score of low-risk group < 10%).
Risk stratification based on UIP
CT pattern based on the
Fleischner Society IPF diagnostic
guidelines: b four groups—UIP,
probable UIP, indeterminate for
UIP, and alternative diagnosis,
and (c) two groups—combined
UIP and probable UIP CT pattern
or the others
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early fibrotic progression and less likely to experience AE,
which were also supported by our results.

On serial follow-up, CTs showed an increase in the
extent of reticulation and honeycombing, with the devel-
opment of honeycombing in many patients who had no
honeycombing on baseline CT, and aggravation of trac-
tion bronchiectasis, consistent with a previous study [23].
The extent of centrilobular nodules and GGOs decreased
on serial CT, with the difference being more profound in
patients without fibrotic progression or with low baseline
fibrosis score (< 10%), which might reflect an acute in-
flammatory component for HP underlying chronic fibro-
sis. Intriguingly, mosaic attenuation in chronic HP tended
to remain constant over time and seemed to be preserved
from pulmonary fibrosis that fibrosis preferentially in-
volving and extending to the other areas in the early
phase. During the course of fibrotic progression, fibrosis
finally replaced areas of mosaic attenuation (areas of de-
creased attenuation). Further study is needed to clarify if
and how the presence of mosaic attenuation, airway
changes, and vascular changes can independently modify

the process of development and progression of interstitial
fibrosis in chronic HP.

The fibrosis score and UIP/probable UIP CT patterns
were significant independent risk factors for AE.
Miyazaki et al reported low baseline DLCO as a risk factor
for AE in chronic HP [10]. In addition, they also reported
low lymphocyte levels in BAL fluid and a UIP-like pattern
on histology at the time of diagnosis as risk factors for AE.
In our study, both baseline DLCO and percentage of lym-
phocytes showed borderline significance as predictors of
AE (p = 0.051 and p = 0.086, respectively). Regarding UIP
pattern, we evaluated the CT pattern by modifying the
Fleischner system of IPF diagnosis; the risk of AE can be
stratified according to CT pattern regardless of the pres-
ence of mosaic attenuation and whether the distribution
was IPF-like or not. We also found that the incidence of
idiopathic AE increased in association with a UIP CT pat-
tern and presence of honeycombing, consistent with results
from the previous study based on pathology.

There are a number of limitations to the current study. First,
because of its retrospective nature, a variety of treatment

Table 4 Univariable and multivariable Cox regression for prediction of AE

Variables (reference) Unadjusted HR p value Model 1
Adjusted HR

p value Model 2
Adjusted HR

p value Model 3
Adjusted HR

p value

Sex, male (female) 1.46 (0.60–3.53) 0.404 1.33 (0.54–3.25) 0.533 1.31 (0.53–3.24) 0.552 1.27 (0.52–3.10) 0.603

Age 1.05 (1.00–1.11) 0.036 1.05 (1.00–1.10) 0.061 1.03 (0.98–1.09) 0.194 1.03 (0.98–1.08) 0.290

Smoker (non-smoker) 1.06 (0.43–2.61) 0.847

Baseline FVC% predicted 0.98 (0.95–1.01) 0.128

Baseline DLCO% predicted 0.97 (0.95–1.00) 0.051 0.96 (0.93–1.00) 0.026

Exposure to antigen 0.79 (0.28–5.27) 0.791

BAL lymphocyte, % 0.96 (0.91–1.01) 0.086

Treatment†

Steroid only 1.75 (0.71–4.33) 0.225

Immunosuppressant 1.89 (0.78–4.58) 0.159

Presence of honeycombing 3.61 (1.49–8.73) 0.004

CT pattern (alternative diagnosis)

UIP 14.11 (1.88–109.58) 0.011

Probable UIP 7.51 (0.92–61.16) 0.059

Indeterminate for UIP 2.63 (0.17–42.13) 0.494

UIP or probable UIP CT pattern 7.25 (1.68–31.31) 0.008 5.47 (1.23–24.45) 0.026 5.00 (1.11–22.50) 0.036

Reticulation, extent 1.05 (1.01–1.11) 0.025

Honeycombing, extent 1.19 (0.98–1.44) 0.088

GGO, extent 0.93 (0.87–1.00) 0.046

Mosaic attenuation, extent 1.02 (0.99–1.07) 0.227

Nodule, extent 0.88 (0.73–1.05) 0.155

Bronchiectasis grade 1.19 (1.02–1.40) 0.033

Fibrosis score 1.06 (1.01–1.11) 0.011 1.07 (1.01–1.13) 0.019 1.07 (1.00–1.14) 0.05

AE acute exacerbation, HR hazard ratio, FVC forced vital capacity, DLCO diffusion capacity for carbon monoxide, BAL bronchoalveolar lavage, UIP
usual interstitial pneumonia, GGO ground-glass opacity
†Treatment prior to the event of fibrotic progression
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options were used in patients who had progressive disease,
and so we were unable to confidently make inferences about
the effects of therapy. However, the long-term benefits and the
effects of immunosuppressive drugs remain limited and treat-
ment with steroids and/or immunosuppressive drugs were not
significant risk factors for both fibrotic progression and AE on
univariable analysis in our study. Another limitation of this
study is the potential for the CT scorers to have unconscious
biases in the scoring (i.e., different sensitive thresholds for
mosaic attenuation on visual analysis).

In conclusion, fibrotic progression and acute exacerbation
were identified in 86.8% and 22.0% of patients with chronic
HP. Our data suggest that fibrosis score and CT pattern of UIP
or probable UIP on baseline chest CT may predict fibrotic
progression and AE.

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s00330-020-07469-2.
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Fig. 4 Cumulative incidence of acute exacerbation subdivided according
to the baseline fibrosis score and the usual interstitial pneumonia (UIP)
CT pattern based on the Fleischner Society idiopathic pulmonary fibrosis
(IPF) diagnostic guidelines. Risk stratification based on fibrosis score on
baseline CT: a 10% cut-off of fibrosis score (high-risk group ≥ 10% and
fibrosis score of low-risk group < 10%) and (b) 13% cut-off of fibrosis

score (high-risk group ≥ 13% and fibrosis score of low-risk group <
13%). Risk stratification based on UIP CT pattern based on the
Fleischner Society IPF diagnostic guidelines: c four groups—UIP, prob-
able UIP, indeterminate for UIP, and alternative diagnosis, and (d) two
groups—combined UIP and probable UIP or the others
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