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Impact of radiographic honeycombing

on transplant free survival

and efficacy of immunosuppression in fibrotic
hypersensitivity pneumonitis
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Abstract

Background The distinction between hypersensitivity pneumonitis (HP) and idiopathic pulmonary fibrosis (IPF)
was thought to be important due to the difference in mortality between the conditions as well as the response

to treatment. However, recent work suggests that the clinical diagnosis may matter less than certain radiographic
features, namely usual interstitial pneumonia (UIP) pattern. The purpose of this study is to evaluate whether
radiographic honeycombing is more predictive of transplant-free survival (TFS) than other clinical, radiographic, or
histologic findings that distinguish HP from IPF in the current guidelines and to evaluate the impact of radiographic
honeycombing on the efficacy of immunosuppression in fibrotic HP.

Methods We retrospectively identified IPF and fibrotic HP patients evaluated between 2003 and 2019. Univariable
and multivariable logistic regression was performed for patients with fibrotic HP and IPF to evaluate TFS. To assess

the impact of treatment with immunosuppression on TFS in fibrotic HP, a cox proportional hazard model adjusted

for known predictors of survival in HP including age, gender, and baseline pulmonary function testing results was
constructed, and p-interaction for the presence of honeycombing on high resolution computed tomography and use
of immunosuppression was calculated.

Results Our cohort included 178 with IPF and 198 with fibrotic HP. In a multivariable analysis, the presence of
honeycombing had a greater impact on the TFS than the diagnosis of HP vs. IPF. Among the criteria used in the

HP diagnostic guidelines, only typical HP scan impacted survival in a multivariable model, while identification of
antigen and surgical lung biopsy findings had no impact on survival. We identified a trend toward worse survival on
immunosuppression in those with HP with radiographic honeycombing.

Conclusion Our data suggests that honeycombing and baseline pulmonary function testing have a greater impact
on TFS than the clinical diagnosis of IPF vs. fibrotic HP and that radiographic honeycombing is a predictor of poor
TFS in fibrotic HP. We suggest that invasive diagnostic testing including surgical lung biopsy may not be useful in
predicting mortality in HP patients with honeycombing and may potentially increase risk of immunosuppression.
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Introduction

Hypersensitivity pneumonitis (HP) is an interstitial lung
disease (ILD) that results from exposure to inhaled anti-
gens [1, 2]. Making an accurate diagnosis of HP is impor-
tant because, in contrast to idiopathic pulmonary fibrosis
(IPF), HP has a better prognosis and can be treated with
immunosuppressive medications in addition to an antifi-
brotic [3, 4]. Recent clinical guidelines on the diagnosis of
HP rely on a combination of radiographic findings, iden-
tified antigen exposure, bronchoalveolar lavage (BAL)
lymphocyte percentage, and histopathologic findings to
determine the probability of HP in a patient with ILD
[1]. In the guidelines, patients are categorized in order
of increasing diagnostic confidence as HP not excluded,
low probability, moderate probability, high probability, or
definite probability of HP [1]. Integration of the IPF and
HP clinical guidelines suggest the use of clinical history,
radiographic assessment, and, when necessary, histo-
pathologic assessment to distinguish HP from IPF and to
estimate the diagnostic confidence [3]..

Historically, the distinction between HP and IPF was
thought to be important due to the difference in mor-
tality between the conditions as well as the response to
treatment, with IPF being treated with antifibrotics and
HP with immunosuppression [1, 4]. However, recent
work suggests that the clinical diagnosis may matter less
than certain radiographic features, namely usual inter-
stitial pneumonia (UIP) pattern, which is a radiographic
pattern defined by traction bronchiectasis, reticulations,
and honeycombing in the absence of other features [1,
5-7].

In order to more fully integrate the HP diagnostic
guidelines within what is now known about UIP pattern,
we sought to evaluate whether transplant-free survival
was more impacted by known predictors of mortality
including UIP pattern, age, and baseline pulmonary func-
tion testing, or by diagnostic classification in a retrospec-
tive cohort of fibrotic HP and IPF [6]. In this study, we
evaluated the impact of radiographic findings, identified
antigen exposure, BAL lymphocyte percentage, and his-
topathologic findings on TFS in HP. We hypothesized
that honeycombing would be more predictive of TFS
than other clinical, radiographic, or histologic find-
ings, and that honeycombing would impact the effect of
immunosuppression on TEFS in fibrotic HP.

Methods

We retrospectively identified ILD patients evaluated
between 2003 and 2019 from the University of Texas
Southwestern Medical Center (UTSW). Patients were
identified using an EPIC registry of patients with a

diagnosis of ILD or a subtype of ILD seen in our ILD
clinic. This study was conducted in accordance with the
amended Declaration of Helsinki, and the UTSW Insti-
tutional Review Board approved the study and waived
consent given the retrospective nature of the study (STU-
2019-0913). Patients who had a multidisciplinary diagno-
sis of fibrotic HP or IPF were included in the study. At our
center, multidisciplinary discussions includes our tho-
racic radiologist (author KB), pathologist, and multiple
pulmonologists (authors CSG, MK, TNA). Hypersensi-
tivity pneumonitis exposures are assessed using a stan-
dardized template. Connective tissue disease is excluded
by history, physical examination, and connective tissue
disease serologies; rheumatology consultation is obtained
when there is clinical suspicion for autoimmune dis-
ease. A repeat multidisciplinary discussion including re-
review of pathology was not conducted for all patients
for the purposes of this study; however, high resolution
computed tomography (HRCT) which included inspira-
tory, expiratory, prone, and supine images, was reviewed
again for this study by thoracic radiologist (KB) who was
blinded to the clinical diagnosis. In addition, the medical
record of each patient included in the study was reviewed
to ensure that the diagnosis had not changed (including
the development of connective tissue disease or explant
pathology that suggested an alternative diagnosis) and
the descriptions of histopathologic findings from the ini-
tial multidisciplinary meeting were used for this study.
Patients with nonfibrotic HP were excluded from the
analysis, as nonfibrotic HP is a distinct phenotype known
to have a substantially better survival than fibrotic HP [1,
2, 6]. The correlation between our radiologist’s high reso-
lution computed tomography (HRCT) interpretations
with that of radiologists from other academic medical
centers has been previously established in the literature
[8]..

The diagnosis of HP and the level of diagnostic confi-
dence was determined by the American Thoracic Society
guidelines [1]. Patients were classified as HP if they had
a moderate, high, or definite probability of HP. Expo-
sure history was reviewed by an occupational medicine
specialist (CSG) to determine whether the exposure was
significant enough to lead to sensitization [2]. BAL lym-
phocytosis was defined as greater than 30% lymphocytes.
HRCT images were classified as indeterminate, compat-
ible, or typical HP according to current guidelines [1].
The presence of honeycombing and UIP pattern was also
noted [4]. Surgical lung biopsy (SLB) findings were classi-
fied as indeterminate, probable, or definite HP according
to current guidelines [1]..
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Fig. 1 Flow diagram of the study cohort

Clinical data extracted from the medical record
included age, gender, ethnicity, smoking history, potential
antigen exposure, HRCT features, pulmonary function
testing (PFTs), bronchoalveolar lavage lymphocytosis,
antifibrotic use, and histopathologic sampling via trans-
bronchial biopsy and SLB. The use of immunosuppres-
sion was also extracted from the medical record, and
patients were considered to be on immunosuppression if
they had >6 months of continuous use of mycophenolate,
azathioprine, and/or prednisone.

Continuous variables were expressed as means and
standard deviations, and comparisons were made using
Student’s t test or Wilcoxon signed rank sum test. Cat-
egorical variables were expressed using counts and per-
centages; comparisons were made using Chi-squared
test or Fisher’s exact test, where appropriate. Univari-
able logistic regression was performed for patients with
fibrotic HP and IPF to evaluate transplant free survival.
Variables included known prognostic factors for HP
including demographic and physiologic variables as well
as radiographic features, antigen exposure, diagnostic
confidence, and histopathologic findings. The variables
that were significantly associated with change in diagno-
sis (p-value<0.1) were included in multivariable model to
test independent associations. The multivariable model
was run separately with the criteria for diagnosis and the

overall diagnostic confidence levels, as there is a signifi-
cant relationship between diagnostic confidence and the
variables used to classify that confidence. To assess the
impact of treatment with immunosuppression on TFS in
fibrotic HP, a cox proportional hazard model adjusted for
known predictors of survival in HP including age, gender,
forced vital capacity (FVC) % predicted, and diffusion
capacity for carbon monoxide (DLCO) % predicted was
constructed, and p-interaction for the presence of honey-
combing on HRCT and use of immunosuppression was
calculated. All p-values less than 0.05 were considered
significant.

Results
Our cohort contained 1097 patients. Of these, 178 had
IPF and 198 had fibrotic HP based on published criteria
and multidisciplinary discussion and were included in
the study (Fig. 1). Demographic, clinical, radiographic,
and histopathologic characteristics of the cohort are
available in Table 1. All patients on immunosuppression
had a dose of mycophenolate of 2 g daily or higher or
azathioprine 100 mg per day or higher, and when predni-
sone was used as monotherapy all patients were on doses
between 10 mg and 40 mg.

Among patients with fibrotic HP and IPF, honey-
combing was a predictor of transplant free survival in a
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Table 2 Univariable and multivariable Cox model for transplant

HP cohort IPF cohort free survival in patients with fibrotic HP and IPF (N=376,
(N=198) (N=178) events=163)

Mean age (SD) 64.6 (10.0) 68.2 (8.6) Variable Univariable model Multivariable model

Male, No. (%) 99 (50.0) 131 (73.6) HR (95% CI) Pvalue HR(95%Cl) P value

Ethnicity, No. (%) AgeDx 1.015 0.068 1.027 0.0024
Non-Hispanic White 162 (81.8) 133 (74.7) (1.00-1.03) (1.01-1.05)

Black 4(2.0) 7 (3.9) FemaleGender 0.75 0.07 0.67 0.026
Hispanic or Latino 16 (8.1) 21(118) (0.55-1.02) (0.46-094)
Asian 6 (3.0) 3017) Radiographic 1.52 0.006 1.64 0.002
Unknown 6(30) 14(79) honeycombing (1.13-2.05) (1.20-2.26)

Ever Smoker,N (%) 98 (49.5) 112 (629) FVCperc 36?987_ 099 <0.0001 ?(').9998_1' 00 0,048

Antigen |de.nt|ﬁed, No. (%) * 172 (86.7) 50(28.1) DLCOperc 097 <00001 097 <0.0001
Mold antigen 80 (40.4) 26 (14.6) (0.96-0.98) (0.95-0.98)

Avian antigen 97 (49.0) 39(21.9) Never Smoker 091 0.58
Other** 21 (10.6) 0(0.0) (0.68-1.24)
Baseline Lung Function, mean (SD) No antigen 138 0.036 1.03 09
FVC % predicted, N 66.3(18.2), 74.4 (20.6), identified (1.02-1.85) (0.69-1.53)
194 178 Diagnostic
DLCO % predicted, N 49.1 (17.3), 52.0(22.5), category
188 173 IPF 146 0.045 1.30 0.26

HRCT available for scoring 198 (100) 178 (100) (1.02-2.15) (0.84-2.03)

Typical HP 116 (58.6) 0(0) Moderate HP 1.1 0.66 0.80 041
Compatible HP 24(12.1) 23(12.9) (0.69-1.78) (0.47-1.35)
Indeterminate HP 58(29.2) 154 (86.5) High/definite  REF REF REF REF

Honeycombing on HRCT 61(30.8) 94 (52.8) HP

Definite UIP pattern 10 (5.1) 78 (43.8)

BAL lymph performed 63(18) 18010.1) of HP, IPF had a worse survival than HP in a univari-
BAL lymph>30% 24020) -~ 3017) able (HR for IPF 1.4, 95% CI 1.03-1.90, p=0.03) and

SLB avlawlable for scoring 129(652) 49(27.5) multivariable model (HR for IPF 1.45, 95% CI 1.03-2.07,
Typical HP 56(283) 00 p=0.03) adjusted for known risk factors for mortality
Compauple HP 59(298) 00 including age, gender, FVC, DLCO, and honeycombing
Indeterminate HP 14(7.1) 49 (27.5) . . . .

Diagnostic confidence HP on HRCT (a}lso shown in Fig. 2B). Patients W"lth HP a}nd
Definite HP 85 (423) 00 honeycombu.lg had a transplant free survival su'mlar
High probability HP 31(157) 00) to IPF (median TFS 69.2 vs. 77.3‘months, respectlvgly,
Moderate probability HP 82 (414) 00) p=0.68), whereas HP patients lethout honeycombing
HP low probability or not excluded 00) 178 (100) had a better TF.S than IPF (med.lan TES 123.5 vs. 77.3

Antifibrotic use for >6 months 10 (5.1) 160 (89.9) months, respeCtNEIy’ p=0.003) (Flg. 3).

Death or transplant 58 (29.3) 103 (57.9) Data was then analyzed for each variable that is used

*Some patients had more than one identified antigen

**Other antigens include isocyanate exposure and fish tank exposure

univariable (HR 1.52, 95% CI 1.13-2.05, p=0.006) and
multivariable model (HR 1.64, 95% CI 1.2-2.26, p=0.002)
adjusted for age, gender, FVC % predicted, DLCO % pre-
dicted, antigen identification, and diagnosis (Table 2). IPF
had a worse survival compared to high or definite confi-
dence HP in a univariable model (HR 1.46, 95% CI 1.02—
2.15, p=0.045) but this did not persist in a multivariable
model (HR 1.3, 95% CI 0.84-2.03, p=0.26) (also shown in
Fig. 2A). There was no difference between transplant free
survival in IPF and moderately confident HP in a univari-
able or multivariable model. When all HP vs. IPF was
compared without stratifying by diagnostic confidence

in the determination of diagnostic confidence (antigen
identification, HRCT pattern, and SLB pattern) adjusted
for known predictors of mortality in HP, including age,
gender, FVC, DLCO, and presence of honeycombing
(Table 3). The diagnostic confidence was not entered in
this model due to collinearity with HRCT pattern, antigen
identification, and SLB pattern. The presence of honey-
combing had a greater magnitude of impact on TFS than
any factors in the diagnostic criteria for HP. Patients with
identified inciting antigen had an improved survival com-
pared to those without antigen in a univariable but not
a multivariable model. Patients with a typical HP HRCT
pattern had improved survival compared to those with a
compatible scan or indeterminate scan in a univariable
and multivariable model when patients without SLB were
included; in a multivariable model that included only
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combing; HP =hypersensitivity pneumonitis; IPF =idiopathic pulmonary fibrosis

patients who had undergone SLB, the HRCT pattern was
no longer significant (Table 3). SLB pattern was not asso-
ciated with TFS in a univariable or multivariable mode,
but radiographic honeycombing, FVC, and DLCO had a
significant impact on TES in a univariable and multivari-
able model of patients who underwent SLB.

A Cox proportional hazard model was then constructed
for patients with fibrotic HP of a moderate, high, or defi-
nite confidence, excluding patients with IPF, in order to
be able to control for treatment with immunosuppres-
sion, which is routinely used in the treatment of HP but
contraindicated in IPF. Male gender, honeycombing, and
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Table 3 Univariable and multivariable Cox model for TFS in patients with fibrotic HP and IPF (N=376, events=163)

Variable Univariable model Multivariable model Multivariable model of patients
with SLB
(N=376, events=163) (N=178, events=84)
HR (95% ClI) P value HR (95% Cl) P value HR (95% Cl) P value
AgeDx 1.015(1.00-1.03) 0.068 1.027 (1.01-1.05) 0.0024 1.018 (0.99-1.04) 0.13
FemaleGender 0.75 (0.55-1.02) 0.07 0.77 (0.54-1.09) 0.15 0.71 (040-1.23) 0.23
No Identified Antigen 1.38 (1.02-1.85) 0.037 1.04 (0.73-1.47) 0.83 1.50 (0.90-2.51) 0.11
Compatible HP HRCT 1.337 (0.84-2.04) 0.20 7(0.78-1.97) 032 1.34(0.67-2.53) 0.38
Typical HP HRCT 0.54 (O 36-0.78) 0.0017 0.54 (0.34-0. 86) 0.011 0.55(0.28-1.02) 0.06
Honeycombing on HRCT 2(1.13-2.05) 0.006 1.55(1.125-2.14) 0.007 01 (1.23-3.29) 0.005
FVCperc 0.98 (O 97-0.99) <0.0001 0.99 (0.97-1.00) 0.033 0.98 (0.97-1.00) 0.012
DLCOperc 0.97 (0.96-0.98) <0.0001 0.97 (0.96-0. 98) <0.0001 0.97 (0.95-0. 99) 0.0008
Never Smoker 0.91 (0.68-1.24) 0.58
BAL Lymph >30% 0.79(0.37-1.84) 0.56
SLB indeterminate HP 65 (0.98-2. 92) 0.07 1.23(0.63-247)
SLB compatible HP 42 (0.78-2.60) 0.25 1.20 (0.58-2.50)

Table 4 Univariable and multivariable Cox model for TFS
in fibrotic HP with moderate, high, or definite diagnostic
confidence (N=198, events=71)

Variable Univariable model Multivariable model
HR (95% Cl) Pvalue HR(95% P value

(d)}

AgeDx 1.015(0.99-1.04)  0.22

Female Gender 0.53(0.32-0.85) 0.009 049 0.011
(0.28-0.85)

No Identified 1.30 (0.62-2.43) 045

Antigen

Compatible HP 0.69 (0.28-1.50) 037 1.39 047

HRCT (0.53-3.26)

Typical HP HRCT 047 (0.28-0.77) 0.003 079 043
(0.45-1.42)

Honeycombing 1.8 (1.12-2.91) 0014 1.78 0.041

on HRCT (1.02-3.07)

FVCperc 0.98 (0.96-0.99) 0.005 0.99 0.31
(0.97-1.01)

DLCOperc 0.96 (0.94-098) <0.0001 0.96 <0.0001
(0.94-0.98)

Never Smoker 1.05 (0.66-1.69) 0.84

BAL 0.75(0.30-2.02) 0.54

Lymph>30%

SLB indetermi- 0.85(0.28-2.14) 0.24

nate HP

SLB compatible  1.43 (0.79-2.64) 0.76

HP

Continuous IS 0.89 (0.54-1.43) 0.62 1.51 0.14
(0.86-2.60)

low DLCO had a reduced TFS in a univariable and mul-
tivariable analysis (Table 4). Among the 87 patients who
received>6 months of IS, 73 (80.4%) received mycophe-
nolate, 22 (25.3%) received azathioprine, and 84 (96.6%)
received prednisone. Sixty-one patients (70.1%) received
both prednisone and mycophenolate in combination.
Mycophenolate and azathioprine were not used simulta-
neously, but 12 patients (13.8%) were switched from one

agent to the other due to side effects. The use of immu-
nosuppression for >6 months did not affect TFS in a uni-
variable or multivariable model.

Compared to those without honeycombing, patients
with honeycombing were more likely to be current or
former smokers, had a lower DLCO at ILD diagnosis,
had a higher degree of fibrosis on initial HRCT, were
more likely to be treated with immunosuppression, and
were more likely to have a secondary UIP pattern on SLB
(Table 5).

To assess the impact of treatment with immunosup-
pression on TFS in fibrotic HP, a Cox model adjusted for
age, gender, FVC % predicted, and DLCO % predicted
was constructed (Table 6). There was a trend toward
increased mortality in patients with radiographic honey-
combing on continuous IS (HR 1.79, 95% CI 0.94-3.36,
p=0.07) compared to those with honeycombing without
continuous IS (HR 1.09, 95% CI 0.44-2.72, p=0.85), but
p-interaction was 0.39, indicating that the effect of IS
on TES is not modified by the presence of HC. To avoid
immortality bias, we ran the same analysis for HC and
IS in patients who were ever exposed to MMF or AZA
and p-interaction remained insignificant (p=0.39). When
patients on IS were evaluated in a Cox proportional haz-
ard model, only DLCO was associated with TFS, with HC
having a trend toward worsening mortality (HR 2.07, 95%
CI10.96-4.53, p=0.066) (Table 7).

Discussion

In this study, we showed that age, presence of honey-
combing, and baseline FVC and DLCO are more impor-
tant prognostic factors than the diagnostic confidence of
HP. The presence of honeycombing has a greater impact
on the TES than the diagnosis of HP vs. IPE. Among the
criteria used in the HP diagnostic guidelines [1], only typ-
ical HP scan impacted survival in a multivariable model,
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Table 5 Characteristics of HP with HC vs HP without HC

Variable HP withHC  HP without P-
(N=61) HC (N=137) val-
ue
Mean age (SD) 63.1(11.3) 65.2(9.3) 0.18
Male, No. (%) 34 (55.7) 65 (47.4) 036
Ethnicity, No. (%) 0.54
Non-Hispanic White 49 (80.3) 116 (84.7)
Ever Smoker, N (%) 37 (60.7) 61 (44.5) 0.045
Antigen identified, No. (%) 55(90.2) 117 (85.4) 0.49
Baseline Lung Function, mean
(SD)
FVC % predicted
DLCO % predicted 64.3(16.1) 67.3(19.0) 0.28
449 (14.2) 509 (18.2) 0.027
HRCT available for scoring 61 (100) 137 (100)
Typical HP 27 (44.3) 89 (65.0) 038
Compatible HP 4(6.6) 19(13.9)
Indeterminate HP 29 (47.5) 29(21.2)
HRCT UIP pattern
HRCT definite UIP 10 (16.4) 0(0) 0.27
HRCT probable UIP 0(0) 5(3.6)
HRCT indeterminate UIP 3(4.9) 9.5)
HRCT non-IPF 48 (78.7) 119 (86.9)
Degree of fibrosis 0.001
Mild 10 (16.4) 77 (56.2)
Moderate 30(49.2) 49 (35.8)
Severe 21(34.4) 11 (8.0)
Distribution of fibrosis 037
Lower lobe predominant 17 (27.9) 30(21.9)
Upper lobe predominant 25 (41.0) 52 (38.0)
Diffuse 19 (31.1) 55 (40.1)
BAL lymph performed 15 (24.6) 48 (35.0) 0.19
BAL lymph >30% 5(8.2) 19(13.9) 0.77
SLB available for scoring 45 (73.8) 84 (61.3) 0.11
Typical HP 21 (344) 35(25.5) 0.71
Compatible HP 19 (31.1) 40 (29.2)
Indeterminate HP 5(8.2) 9 (6.6)
SLB secondary UIP pattern 33 (54.1) 42 (30.6) 0.015
Diagnostic confidence HP 0.65
Definite HP 28 (45.9) 57 (41.6)
High probability HP 5(8.2) 26 (19.0)
Moderate probability HP 28 (45.9) 54 (394)
Use of continuous 35(574) 52(38.0) 0.013
immunosuppression
Death or transplant 18 (29.5) 40 (29.2) 1

while identification of antigen and SLB findings had no
impact on survival. Our IPF TFS of 77 months exceeds
the previously reported 36-60 month survival rate.
Finally, we demonstrated that the use of immunosuppres-
sion does not impact TFS in fibrotic HP, and while there
is a trend toward worse survival on IS in those with HP
with honeycombing, the presence of honeycombing does
not modify response to IS in fibrotic HP.
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Table 6 Cox proportional hazards model for TFS in patients
with HP adjusted for age, gender, FVC % predicted, and DLCO %
predicted (N=198, events=71)

N (events) HR (95% p-value p-inter-
Cl) action
HRCTHC (without 187 (64) 1.54 0.09 -
considering (0.93-2.54)
treatment)
HRCTHC on IS 187 (64) 1.79 0.07 039
(0.94-3.36)
HRCTHC noton IS 187 (64) 1.09 0.85
(0.44-2.72)

Table 7 Risk factors for death or transplant in patients with
fibrotic HP on IS (N=87, events=38)

Variable Univariable model Multivariable

model
HR (95% ClI) P HR(95%Cl) P
value value

AgeDx 1.02 (0.89-1.06) 025

Female Gender 0.50(0.27-0.93) 0.03 0.55 0.14
(0.25-1.22)

No Identified 0.66 (0.20-1.66) 0.44

Antigen

Compatible HP HRCT 1.69 (0.55-4.33)  1.03 2.12 0.21
(0.60-6.74)

Typical HP HRCT 047 (0.24-0.93) 0.027 091 0.82
(0.39-2.12)

Honeycombing on 1.95(1.05-3.68) 0.035 207 0.066

HRCT (0.96-4.53)

FVCperc 0.99 (0.97-1.00) 0.14

DLCOperc 0.96 (0.94-0.99) 0.002 0.96 0.005
(0.94-0.99)

Never Smoker 1.10 (0.60-2.06) 0.76

BAL Lymph>30% 046 (0.13-167) 022
SLB indeterminate 0.76 (0.17-243) 0.68
HP

SLB compatible HP 1.55(0.74-341) 0.25

Studies have consistently shown that the presence of
UIP pattern, which is characterized by honeycombing, is
a negative prognostic factor in HP [3, 6]. This is the first
study to our knowledge to compare the magnitude of the
impact of UIP pattern on TES relative to the diagnostic
confidence of fibrotic HP in the latest iteration of the
HP guidelines. We used the presence of honeycombing
rather than definite UIP pattern as an independent vari-
able because many patients with HP have air trapping
that precludes classification of definite UIP pattern [4],
making our sample size for definite UIP pattern small.
Probable UIP pattern is not as predictive of histopatho-
logic UIP in secondary UIP pattern as it is in IPF, so we
did not use probable UIP pattern [9]. HRCTs with honey-
combing can be classified as typical HP (Fig. 4), compat-
ible HP (Fig. 5), or indeterminate HP (Fig. 6) depending
on the degree of HC, location of HC, and presence of
airway-centric findings and ground glass [1]. Because the
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Fig. 4 Minimal honeycombing (black arrow) in a patient with upper lobe predominant fibrosis (4A), centrilobular nodules and air trapping, and ground
glass (green arrow) suggestive of a typical hypersensitivity pneumonitis pattern (4B)

presence of HC associated with reticulations and trac-
tion bronchiectasis signifies UIP pattern histopathologi-
cally and secondary UIP pattern has a similar prognosis
compared to idiopathic UIP in non-HP diagnoses, we
chose to use HC rather than definite UIP pattern as an
independent variable, regardless of the location or degree
of HC [7]. We did not have sufficient sample size to inves-
tigate the impact of the location and degree of HC, as the
majority of patients had minimal basilar predominant
HC.

Our results fit with prior data showing that across ILD
diagnoses, patients with UIP pattern consistently have a
lower TFS than patients with a non-UIP pattern [5, 7].
The poor survival in UIP pattern is likely explained by
the overlap in environmental exposure, genetics, and rate
of progression among patients with a UIP pattern and a

non-IPF diagnosis compared to those with IPF. Environ-
mental and host factors such as increasing age and smok-
ing history are common between IPF and secondary UIP
pattern [7]. Genetic variants associated with telomeres
and transcriptosomal signatures are common to both IPF
and secondary UIP pattern, including HP [10, 11]. Epi-
thelial cell senescence and profibrotic subpopulations of
cells are also seen during development in both IPF and
HP with UIP [11]. Our data therefore supports the idea
that HC of different etiologies may behave similarly and
could be considered as a single diagnostic entity [7]. Our
findings suggest that UIP pattern may be better consid-
ered as indeterminate for HP than compatible with HP,
even with concomitant air trapping, in order to lessen the
probability that patients with UIP pattern will be classi-
fied as HP.
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Fig. 5 Pattern of basilar predominant reticulations, traction bronchiectasis, and honeycombing (black arrow) as well as 3 density sign (green arrow) (5A)
and air trapping on expiratory images (green arrow) (5B) suggestive of a compatible hypersensitivity pneumonitis pattern

While the use of IS in HP patients with HC did not
meet statistical significance, there is a trend toward
increased mortality in this population. Our findings fit
with treatment with immunosuppression in IPF. In the
PANTHER-IPF study, patients on immunosuppres-
sion had a higher mortality than those not treated with
immunosuppression [12]. However, retrospective analy-
sis taking into account telomere length suggest that the

higher mortality in the IS group may have been driven
by patients with short telomeres, with longer telomere
length patients not having a change in survival after
treatment with IS [13]. Our findings suggest that patients
with HP with HC may fare worse and at a minimum
overall do not have improved TFS with IS. This could
suggest that early use of antifibrotics in this population
rather than immunosuppression may be warranted. Our
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Fig. 6 Typical usual interstitial pneumonia (UIP) pattern with basilar predominant honeycombing and absence of non-UIP features including ground

glass or mosaicism suggestive of an indeterminate HP pattern

results, however, do not preclude response to IS in a sub-
set of patients with HP and HC, and we were not able to
control for indication bias. Prospective studies of the use
of IS in this population are needed for evaluation.

Strengths of this study include use of published guide-
lines to classify patients as HP or IPF, which improves
generalizability. Due to our large sample size, we were
able to run a subset analysis on patients who had under-
gone SLB, which leads to more accurate classification
and therefore improves generalizability. While an asso-
ciation between mortality and HC had been reported in
fibrotic HP, we were able to evaluate the impact of HC on
response to IS.

There are several limitations to the present study. Due
to the retrospective nature of the study, we could not
determine treatment adherence. In addition, we used
clinical history to assess for environmental exposure
rather than an industrial hygienist home assessment; this
may limit accuracy of antigen detection but improves
generalizability, as IH specialists are unavailable in many
centers. Our results also suggest a better survival than
prior studies of IPF, though this may reflect early detec-
tion and initiation of antifibrotics in our cohort. Our HP

with HC cohort had a higher use of IS than HP with-
out HC, which goes against our hypothesis that IS may
worsen mortality in this population. We suggest that the
increased use of IS in our cohort among patients with
HP compared to those without is related to the sever-
ity of PFT impairment and higher severity of fibrosis in
patients with HP with radiographic HC compared to
those without. Because our cohort was enrolled before
nintedanib was approved for the treatment of progressive
fibrotic ILD [14]. IS was the only treatment option avail-
able for HP, and we are not able to effectively control for
antifibrotic therapy added later in the treatment course
after the majority of patients were censored. Finally, we
used the presence of honeycombing as a characteristic in
the multivariable model rather than definite UIP due to
the small sample size of definite UIP pattern among those
with HP, as the majority of HP patients had air trapping
in >3 lobes that precluded definite UIP classification.

In summary, our data suggests that UIP and baseline
PFTs have a greater impact on TFS than the clinical diag-
nosis and that honeycombing is a predictor of poor TFS
in fibrotic HP. Our data also suggests that IS does not
impact TFS in HP even when adjusted for the presence of
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honeycombing. We suggest that invasive diagnostic test-
ing including SLB may not be useful in predicting mortal-
ity in HP patients with UIP pattern and may potentially
increase risk of immunosuppression.
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