Robertshaw et al. BMC Pulmonary Medicine (2024) 24:398

https://doi.org/10.1186/512890-024-03098-3

BMC Pulmonary Medicine

Effect of antigen removal in hypersensitivity

pneumonitis

Check for
updates

Mark J. Robertshaw', April Gorman?, Craig S. Glazer' and Traci N. Adams"

Abstract

patients with HP.

radiographic, and pathologic data were recorded.

fibrotic HP and 56.7% of patients with nonfibrotic HP.

free survival in HP.

Background Antigen removal is a cornerstone of treatment of hypersensitivity pneumonitis (HP), but its association
with transplant-free survival remains unclear. Further, HP guidelines conflict as to whether antigen removal is a
recommended diagnostic test in patients with suspected HP.

Objective The purpose of this study is to (1) evaluate the impact of antigen removal on transplant-free survival and
(2) to describe the impact of antigen removal on pulmonary function testing and imaging in a retrospective cohort of

Methods \We retrospectively identified HP patients evaluated between 2011 and 2020. Demographic, physiologic,

Results 212 patients were included in the cohort. Patients who identified and removed antigen had a better
transplant-free survival than patients who did not identify antigen and patients who identified but did not remove
antigen. Antigen removal was associated with improvement in FVC by 10% predicted in 16.9% of patients with

Discussion Our results suggest that over 50% of nonfibrotic HP patients and 16.9% of fibrotic HP patients improve
with exposure removal. In addition, antigen removal, rather than antigen identification, is associated with transplant-

Introduction

Hypersensitivity pneumonitis (HP) is an interstitial lung
disease (ILD) caused by repeated exposure to a sensitiz-
ing antigen [1, 2]. Prior studies have demonstrated that
HP patients in whom a sensitizing antigen is identified
have a better survival than those for whom a sensitizing
antigen has not been identified [3—6]. As a result, antigen
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removal has become a cornerstone of HP treatment [7].
However, to date, the literature has been inconsistent in
whether removal of antigen yields an improvement in
pulmonary function testing (PFT) and has not shown a
survival benefit for antigen removal [1, 6, 8—11]. Antigen
removal, particularly mold remediation in the home, can
be very costly and time-consuming for patients; [12, 13]
thus, more data is needed on the predicted response to
antigen removal to assist in a patient-centered discussion
of home remediation.

Further, improvement in pulmonary function testing
following removal of antigen has been suggested to sup-
port a diagnosis of HP [1]. However, there are no studies
to determine the proportion of patients who have a ben-
eficial response to exposure removal, particularly in those
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with fibrotic HP. Additional data is needed to determine
what percentage of patients with HP have improvement
with antigen removal to determine the utility of this
intervention in the evaluation of patients with potential
HP [7].

The purpose of this study is to (1) evaluate the impact
of antigen removal on transplant-free survival and (2) to
describe the impact of antigen removal on pulmonary
function testing and imaging in a retrospective cohort of
patients with HP.

Methods.

We retrospectively identified HP patients evaluated
between 2011 and 2020 from the University of Texas
Southwestern Medical Center (UTSW) in Dallas, TX.
All patient seen in the ILD clinic at UTSW are automati-
cally input into a registry in Epic. Our ILD clinic is a ter-
tiary referral center designated as a Center of Excellence
by the Pulmonary Fibrosis Foundation and our referral
base includes our own institution and both community
and academic pulmonologists in the surrounding region.
We manually reviewed the diagnosis for each patient in
the registry via multidisciplinary discussion. Patients
who had a multidisciplinary diagnosis of moderate, high,
or definite confidence of HP by current guidelines were
included [2]. Patient charts were re-reviewed and diagno-
sis confirmed for the purposes of this study. This study
was conducted in accordance with the amended Declara-
tion of Helsinki and was approved by the UTSW Institu-
tional Review Board (STU-2019-0913).

Clinical data extracted from the medical record
included age, gender, smoking history, potential fibro-
genic antigen exposure, removal of exposure, PFTs,
GAP score, hypersensitivity pneumonitis panel where
available, bronchoalveolar lavage (BAL) cell count and
differential, histopathologic interpretation of the trans-
bronchial biopsy (TBBx) and surgical lung biopsy (SLB),
and date of death or lung transplant. GAP score was used
because it correlates with survival in HP with a c-index
of 0.79 and because it incorporates collinear variables
including forced vital capacity (FVC) % predicted and
diffusing capacity for carbon monoxide (DLCO) % pre-
dicted, both of which are important prognostic mark-
ers in HP [14]. Transplant-free survival was selected
as an endpoint consistent with prior studies of HP [5,
15, 16]. Characteristics of exposure recorded included
the location of the exposure, duration of the exposure,
date of exposure removal and remediation efforts. HP
was considered fibrotic if HRCT demonstrated reticu-
lations, traction bronchiectasis, or honeycombing and
nonfibrotic if all of those HRCT features were absent
[1]. Fibrosis was severe if>50% of the parenchyma was
fibrotic, moderate if 10-50% was fibrotic, and mild
if<10% was fibrotic [17].
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Antigen identification in our cohort was done during
clinic visits using a template of questions consistent with
recently published guidelines; [18] these exposure ques-
tions were asked by the provider during the initial clinic
visit for all patients in our ILD cohort (supplementary
data 1). Mold antigen in the home was considered to be
a clinically significant if mold was visible and persistent
and the mold exposure preceded the development of HP
[1, 18]. Formal home inspections were noted in the chart;
the actual reports were not uploaded into the medical
record for review but results were briefly summarized in
clinic notes. Information regarding specific mold species
or concentrations are not available. Mold antigen outside
the home was considered to be clinically significant if it
occurred regularly (such as in the workplace) and pre-
dated the development of HP [2, 18]. Avian antigen was
considered to be clinically significant if antigen expo-
sure preceded the development of HP and the patient
had a bird in the home, extensive bird exposure outside
of the home (such as regular work in a chicken coop),
or significant and persistent contact with feathers (such
as sleeping on a feather pillow) [2, 8, 18]. Each exposure
was reviewed by an occupational lung disease specialist
(CSQ@) to ensure that the antigen was clinically significant
[1].

Following identification of antigen in patients with
HP, patients in our clinic were uniformly recommended
to remove the antigen, which is standard of care for HP
[12]. Mold was considered to be removed if any porous
material with mold was fully removed from the home
and the cause of the water damage was addressed with
no residual leak or if the patient moved from the affected
home to one without known water damage or mold [13].
Avian exposure was considered to be removed if the bird
was removed followed by a professional house cleaning,
if the patient stopped having contact with birds outside
the home (for example, discontinuation of tending to the
chicken coop), or if the feather product was removed.
Patients were considered to have improved following
exposure removal if their forced vital capacity (FVC)
increased by at least 10% predicted within 3—6 months of
exposure removal without a change in their medications,
as 10% improvement in FVC is correlated with improved
survival in HP [9].

Statistical analysis

Continuous variables were expressed with means and
standard deviations, and categorical variables were
expressed with counts and percentages. Cox proportional
hazards regression was used to evaluate transplant-free
survival in HP patients. A left truncated model was first
created with explanatory variable of antigen removal with
3 categories: antigen identified and removed, antigen
identified but not removed, and antigen not identified.
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Then left truncated model was created with explanatory
variables GAP score, fibrosis status in conjunction with
“treatment groups” of antigen removed or not removed.
These variables were chosen due to their association with
survival in HP in prior studies [2, 3, 12, 14]. In the lat-
ter model, antigen identified and not removed and anti-
gen not identified were combined into the antigen not
removed group due to limited sample size. The method
used, left truncation, was defined as those patients

Table 1 Demographic characteristics of the cohort (N=212)

HP cohort

(N=212)
Mean age at ILD diagnosis (SD) 624 (11.4)
Male, No. (%) 102 (48.1)
Ethnicity, No. (%)
Non-Hispanic White 177 (83.5)
Black 9(4.2)
Hispanic or Latino 11(5.2)
Asian 8(3.8)
Unknown 7(3.3)
Ever Smoker, N (%) 100 (47.2)
Antigen identified 186 (87.8)
Mold antigen 104 (49.1)
Avian antigen 64 (30.2)
Other antigen 18 (8.5)
Professional mold inspection 20(9.4)
Antigen removal status
Antigen identified and removed 166 (78.3)
Antigen identified and not removed 20(94)
Antigen not identified 26 (12.3)
Baseline Lung Function, mean (SD), N
FVC % predicted 68.6(185),212
DLCO % predicted 51417.7),212
HRCT available for scoring 212 (100)
Typical HP 136 (64.1)
Compatible HP 24 (11.3)
Indeterminate HP 52 (24.5)
Fibrotic HP 190 (89.6)
Invasive procedure Performed 187 (88.2)
Surgical Biopsy 139 (65.6)
TBBx 92 (43.4)
BAL 80 (37.8)
GAP score, N (%)
0-1 34 (16.0)
2-3 92 (434)
4-5 75 (35.4)
>5 11(5.2)
Confidence HP diagnosis by American Thoracic Society
Criteria, N (%)
Moderate 85 (40.1)
High 33(15.6)
Definite 94 (44.3)
Qutcomes 81(38.2)
Death 40 (18.9)
Transplant 41(19.3)
Alive at censor date 131 (61.8)

Median transplant-free survival in months 533
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diagnosed prior to study natural time origin (date of first
clinic visit), due to the assumption that those that did not
present to clinic for many years were healthier than simi-
lar patients with comparable dates of diagnoses, who may
have experienced event prior to study initiation. We also
utilized Direct-Adjusted Survival Curves to represent the
survival experience of an average patient in the popula-
tion by averaging the predicted survival functions for the
combinations of categorical explanatory variables for in
each treatment group (antigen removed vs. antigen not
removed).

Results

Two hundred twelve patients had a diagnosis of HP and
were included in the analysis. Demographic characteris-
tics of the cohort are listed in Table 1. Diagnostic evalua-
tion that led to inclusion in the cohort is summarized in
Fig. 1 [2]. Mean age was 62.4111.4 years and 102 (48.1%)
were male. A total of 166 (78.3%) patients removed anti-
gen, 20 (9.4) identified but did not remove the antigen,
and 26 (12.3%) did not identify antigen. When stratified
for antigen removal, there were no significant differences
between groups in age, gender, smoking status, GAP
score, baseline FVC, or baseline DLCO (data not shown).

Of the 212 HP patients in the cohort, 207 were included
in the left truncated Cox proportional hazard regression
model. Of the 5 records that were removed, 4 had cen-
sor dates that were the same as the clinic date, and 1 had
a censor date that was prior to clinic date. Missing data,
and negative or zero time periods are not supported in
this model. The follow up period for these patients varied
due to available records, time from clinic visit to outcome
or censor (meantsd: 3.57+2.93 years). Of 207 observa-
tions, 127 were censored. Using direct adjusted survivor
functions, there was no difference in the TFS of patients
who identified and did not remove antigen and those for
whom antigen was not identified; both of these groups
had a worse TES than those in whom antigen was identi-
fied and removed (Fig. 2).

Due to the skewed distribution, with 78% of patients
having identified and removed antigen, and the lack
of a difference between the antigen identified but not
removed and the antigen not identifiedgroups, the
groups with antigen identified and not removed and not
identified were combined for the Cox proportional haz-
ard model and compared to patients for whom antigen
was identified and removed. In the Cox proportional
hazard model, patients in whom antigen was either not
identified or not removed had a lower TES than those
in whom antigen was identified and not removed (HR
1.79, p=0.02) (Table 2; Fig. 3). The presence of fibrosis by
HRCT (HR 3.1, p=0.05) and higher GAP score (HR 1.49,
»<0.001) were also associated with lower TFS.
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HP cohort
N=212
Typical HRCT
+antigen -
N=31
I |
BAL lymphocytosis Probable or typical Probable or typical
+ antigen TBBx + antigen SLB
N=24 N=38 N=119
Fig. 1 Flow chart for HP diagnosis in the cohort
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Fig. 2 Direct adjusted survivor functions comparing groups (1) antigen identified and removed; (2) antigen identified but not removed; and (3) antigen

not identified

Of 166 patients in the HP cohort who identified and
removed antigen, 30 (18.1%) were nonfibrotic HP and
136 (81.9%) were fibrotic HP. Seventeen (56.7%) patients
with nonfibrotic HP who identified and removed

antigen had an improvement in FVC by 10% predicted
(Table 3). Of the patients who had improved FVC with
exposure removal, all had at least one of the following:
improvement in CT after exposure removal (N=13),
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Table 2 Cox proportional hazard model for transplant-free survival (N=207)
Analysis of Maximum Likelihood Estimates
Parameter Parameter 95% CI Pr> Chisq Hazard
Estimate Ratio
Antigen_removed 0.58394 0.09-1.07 0.0201 1.793
GAP_Score 0.39921 0.23-0.57 <0.0001 1491
Fibrosis 1.14731 -0.02-2.31 0.0536 3.150
Direct Adjusted Survivor Functions
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Fig. 3 Direct adjusted survivor functions comparing groups based on known antigen removal: antigen identified but not removed or antigen not identi-

fied vs. antigen identified and removed

Table 3 Characteristics of the response to exposure removal in the subset of patients with 10% improvement in FVC with exposure

removal

Nonfibrotic (N=17 with FVC improve-
ment by 10% with exposure removal)

Fibrotic (N=23

with FVC improve-
ment by 10% with
exposure removal)

DLCO improved by 15% within 3-6 months of exposure removal
% change in DLCO with exposure removal, Median (IQR)
Symptom improvement documented after exposure removal
CT available after exposure removal

CT improvement after exposure removal

Improvement in ground glass

Resolution of ground glass

Improvement in centrilobular nodules

Resolution of centrilobular nodules

Improvement in fibrosis

FVC available > 1 year post exposure removal

FVC improvement maintained at 1 year post exposure removal

18(78.2)
16 (9.25,23)
19 (82.6)
19 (82.6)
7(30.4)
6(26.1)
0(0)
1(43)
0(0)
0(0)
22 (
17(

95.7)
73.9)
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improvement in DLCO by 15% (N=12), and improve-
ment in symptoms after exposure removal (N=14).

Twenty-three (16.9%) patients with fibrotic HP who
identified and removed antigen had an improvement in
FVC by 10% predicted. The severity of fibrosis on HRCT
was inversely correlated with the proportion of patients
who had>10% improvement of FVC with antigen
removal (Fig. 4). Of those who had an FVC improvement
by 10% with exposure removal, all but one had at least
one of the following: improvement in CT after exposure
removal (N=7), improvement in DLCO by 15% (N=18),
and improvement in symptoms after exposure removal
(N=19).

Discussion

In this retrospective cohort of HP patients, we describe
212 patients with a moderate, high, or definite confi-
dence of HP by current guidelines [2]. Our results sug-
gest that patients who identified and removed antigen
had a better transplant-free survival than patients who
did not identify antigen and patients who identified but
did not remove antigen. Antigen removal is associated
with improvement in FVC by 10% predicted in 16.9% of
patients with fibrotic HP and 56.7% of patients with non-
fibrotic HP. Patients with a severe degree of fibrosis by
HRCT were less likely to have FVC improvement follow-
ing exposure removal compared to patients with a lesser
degree of fibrosis.

Several studies have evaluated the relationship between
antigen exposure and outcomes in hypersensitivity pneu-
monitis. The first landmark study published in Chest in
2013 evaluated 142 subjects with HP and antigen expo-
sure and determined that the median survival time of
patients with identified antigen was 18.2 years, compared
to 9.3 years in patients without antigen. However, the
major limitation of this study is that it did not assess for a
change in survival with antigen removal, though antigen
abatement was recommended for patients with identified
antigen [3]. A Belgian cohort evaluated 202 patients with

% of Patients with > 10% improvement in FVC
following antigen removal

60

50

40

. DDD

Mild fibrosis (< 10%
HRCT affected)

Moderate fibrosis ~ Severe fibrosis (>50%
(10-50% affected) affected)

No fibrosis

Fig. 4 Proportion of patients with >10% improvement in FVC following
antigen removal based on degree of fibrosis on HRCT

Page 6 of 7

HP before and after exposure removal and found that
antigen identification was associated with improved sur-
vival, but removal of antigen did not impact survival [6].
Antigen removal did, however, improve FVC compared
to non-removal in this cohort [6]. In another study of 112
patients with fibrotic HP, antigen removal was not associ-
ated with FVC decline, but subjective improvement after
antigen removal was associated with lower mortality [9].
A study of 17 HP patients revealed complete recovery
based on symptoms, PFTs, and HRCT in 53% of patients
following antigen avoidance but did not reveal a differ-
ence in TFS [19]. Finally, a study of 21 patients with hot
tub lung revealed resolution of respiratory symptoms and
radiographic abnormalities in 52% following exposure
avoidance but with a median 5 month follow-up asso-
ciation with TFS could not be determined [11]. In our
cohort, antigen removal was associated with transplant-
free survival in univariable and multivariable analysis.
Our results suggest that the removal, rather than the
identification of antigen, is associated with improved
TES. These results demonstrate the importance of a thor-
ough exposure history to identify potential HP antigens
and provide support for the removal of those antigens as
treatment for both fibrotic and non-fibrotic HP.

Our results also support the use of exposure removal
as a diagnostic test for HP. Both the American Thoracic
Society (ATS) and the American College of Chest Physi-
cians (ACCP) have published guidelines on the diagnosis
of HP in adults [1, 2]. However, these guidelines conflict
as to whether improvement with antigen removal is sup-
portive of a diagnosis of HP, with the ACCP guidelines
suggesting that improvement exposure removal supports
a diagnosis of HP and ATS guidelines not comment-
ing on an exposure removal challenge in the diagnostic
evaluation [1, 2]. Our study demonstrates that antigen
removal is associated with improvement in FVC by 10%
predicted in 16.9% of patients with fibrotic HP and 56.7%
of patients with nonfibrotic HP. As expected, the proba-
bility of improvement with exposure removal is inversely
proportional to the degree of fibrosis, with patients with
lesser degrees of fibrosis having a higher probability
of response. We therefore suggest that a trial of expo-
sure removal when feasible could prevent over 50% of
patients with nonfibrotic HP from undergoing invasive
procedures for diagnosis. Diagnostic exposure removal
challenge can be considered for patients with mild or
moderate degrees of fibrosis but has a lower likelihood
of a positive result in patients with a severe degree of
fibrosis.

Strengths of our study include ascertainment of HP
diagnosis based on the gold standard of multidisciplinary
diagnosis based on current guidelines, and we had an
occupational medicine specialist (CSG) assess each expo-
sure to determine causality.



Robertshaw et al. BMC Pulmonary Medicine (2024) 24:398

There are several limitations to our study. This is a
retrospective study, and at our center serologic test-
ing to document individual patient sensitization is not
performed. IgG methods to establish the presence of
exposure, while valuable in certain scenarios, are often
insufficient and have at best modest sensitivity and speci-
ficity due to the lack of standardization of methodol-
ogy and quality [1, 2, 18]. Further, our center does not
require evaluation by an industrial hygienist for antigen
identification or removal. While this limits our ability
to definitively determine antigen removal, it increases
the generalizability of the study, as industrial hygienists
can be costly and not available in most centers. Finally,
we were unable to control for the use of immunosup-
pressive medications in this study. Due to the retrospec-
tive nature of the study, we cannot confirm medication
adherence and cannot adjust for selection bias with ini-
tiation of medication, as patients with more severe dis-
ease are more likely to be treated than patients with more
mild disease. Further, immunosuppressive medications
have not been associated with survival in HP and are
confounded by the interaction with leukocyte telomere
length, which we could not measure in our retrospective
study [16]. Thus treatment data was excluded.

In conclusion, our results suggest that patient-reported
antigen removal impacts TFS in patients with HP and
that a diagnostic trial of antigen removal can reduce the
number of patients who require an invasive procedure
for diagnosis by about 50% in nonfibrotic HP.
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