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Abstract

Background: Multidisciplinary discussion (MDD) is widely recommended for patients with
interstitial lung disease (ILD), but published primary data from MDD has been scarce, and factors
influencing MDD other than chest computed tomography (CT) and lung histopathology
interpretations have not been well-described.

Methods: Single institution MDD of 179 patients with ILD.

Results: MDD consensus clinical diagnoses included autoimmune-related ILD, chronic
hypersensitivity pneumonitis, smoking-related ILD, idiopathic pulmonary fibrosis, medication-
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induced ILD, occupation-related ILD, unclassifiable ILD, and a few less common pulmonary
disorders. In 168 of 179 patients, one or more environmental exposures or pertinent features of the
medical history were identified, including recreational/avocational, residential, and occupational
exposures, systemic autoimmune disease, malignancy, medication use, and family history. The
MDD process demonstrated the importance of comprehensively assessing these exposures and
features, beyond merely noting their presence, for rendering consensus clinical diagnoses. Precise,
well-defined chest CT and lung histopathology interpretations were rendered at MDD, including
usual interstitial pneumonia, nonspecific interstitial pneumonia, and organizing pneumonia, but
these interpretations were associated with a variety of MDD consensus clinical diagnoses,
demonstrating their nonspecific nature in many instances. In 77 patients in which MDD consensus
diagnosis differed from referring diagnosis, assessment of environmental exposures and medical
history was found retrospectively to be the most impactful factor.

Conclusions: A comprehensive assessment of environmental exposures and pertinent features of
the medical history guided MDD. In addition to rendering consensus clinical diagnoses, MDD
presented clinicians with opportunities to initiate environmental remediation, behavior
modification, or medication alteration likely to benefit individual patients with ILD.

Keywords

multidisciplinary discussion; interstitial lung disease; idiopathic pulmonary fibrosis;
hypersensitivity; smoking; autoimmune; occupation

Introduction

Diagnosing the etiology of interstitial lung disease (ILD) can be a challenging aspect of
caring for pulmonary patients and a barrier to initiating appropriate and efficacious
treatment. Part of the challenge is that ILD encompasses a large number of separate disease
entities with overlapping findings on diagnostic imaging and lung tissue sampling. In a
recent survey of patients with ILD, many reported at least one misdiagnosis and experienced
a median delay in treatment of approximately one year 1. Early diagnosis of ILD and
idiopathic pulmonary fibrosis (IPF) in particular, along with timely initiation of treatment
and lung transplantation referral, has been shown to have a survival benefit 2. One approach
to facilitating a timely and accurate diagnosis of ILD has been presentation of patients for
multidisciplinary ILD discussion (MDD). Generally, MDD incorporates input from expert
pulmonary clinicians, thoracic radiologists, and thoracic pathologists regarding clinical
information, chest imaging studies, and lung biopsy samples 34. Although MDD has now
become widely recommended and often incorporated into clinical practice, the evidence for
this recommendation is very limited and is likewise recognized as such in the published ILD
practice guidelines >/ To the best of our knowledge, fewer than 15 studies have been
published over the past two decades assessing primary data within an MDD and its impact
on MDD consensus diagnoses 34.7-16,

In the small number of prior publications which have described primary data from MDD

34,716 almost all have focused on either interpretation of chest CT imaging, interpretation
of surgical lung biopsy, or a comparison of MDD consensus clinical diagnoses compared to
initial referring clinical diagnoses. Several publications focused on interobserver variability
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within MDD of chest CT imaging and/or surgical lung biopsy interpretation by experts in
their respective fields, and how such interobserver variability may affect MDD consensus
clinical diagnoses 1913-15_ Studies comparing MDD consensus diagnoses to initial referring
diagnoses have generally demonstrated fewer patients with unclassifiable ILD following the
MDD process 34/7:9.12,

Remarkably, no prior MDD studies have been published to the best of our knowledge which
have focused on the importance of assessing environmental exposures and pertinent features
of the medical history within MDD. These observations are surprising, given the well-known
role of environmental exposures in the development of ILD, and since clinical assessment of
these exposures along with the medical history is widely recognized by expert ILD
clinicians as likely the most important components of the evaluation of a patient with ILD.
Reasons for lack of published data in this regard are likely multifactorial, and may result
from the difficulty in scientifically assessing how such input alters the MDD process and
potentially alters MDD consensus diagnoses.

Based on the published guidelines and recommendations described above regarding MDD
and ILD, we established an MDD process as part of the University of Maryland ILD
program. As our MDD progressed in assessing individual patients, we observed that in
addition to the well-known importance of expert radiology and pathology interpretations,
assessments of environmental exposures (recreational, avocational, occupational and
residential) along with pertinent features of the medical history guided the MDD process,
and these assessments were impactful on the consensus clinical diagnoses rendered at MDD.
The goal of this report is to present our findings with the hope of providing information
which can be beneficial to health care providers caring for patients with ILD and ultimately
to ILD patients.

Patients and MDD Data Collection

This study was reviewed and approved by the University of Maryland Institutional Review
Board (HP-44077). Data were analyzed from 179 patients that were presented to the
University of Maryland multidisciplinary ILD conference (MDD) between October 2016
and April 2019. Patients were presented to MDD at the discretion of the pulmonary
physician who performed the initial ILD consultation at our institution. Standard
demographic and logistical data which was transcribed and recorded from MDD included
date of presentation to MDD, age, gender, race, date of CT chest, type and date of lung
biopsy if applicable, MDD chest CT interpretation, MDD lung biopsy histopathologic
interpretation and MDD consensus clinical diagnosis. Additionally, information was
recorded at MDD regarding pertinent features of the medical history, which included past
medical history (particularly in regard to the presence of systemic autoimmune disease or
prior malignancy), medication use, family history of either lung disease or autoimmune
disease, and autoimmune serologies which had been obtained prior to MDD. Similarly,
detailed information was recorded at MDD regarding environmental exposures, which for
the purposes of this study, were characterized as recreational/avocational (cigarettes,
marijuana, heroin or cocaine use, or inhalation of vapors, gases, or fumes recreationally),
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residential (exposure to mold or avian proteins), or occupational (asbestos, silica, cement,
concrete, wood, metal, or paper dust, or vapors, gases, or fumes).

MDD interpretation of chest CT imaging

All 179 patients had chest CT imaging performed prior to MDD and available for review at
MDD. MDD chest CT interpretation was performed by thoracic radiologists and was
rendered based on established radiologic terms and patterns according to published literature
517-21 Of note, we used the term smoking-related ILD when a broad spectrum of smoking-
related parenchymal abnormalities were present on chest CT, including patterns consistent
with respiratory bronchiolitis (RB), desquamative interstitial pneumonia (DIP), pulmonary
Langerhans’ cell histiocytosis (PLCH), and emphysematous spaces with thickened fibrotic
walls (emphysema with fibrosis) 192225 The term unclassifiable fibrosis was rendered
when findings of interstitial pulmonary fibrosis (reticulation, traction bronchiectasis,
honeycomb change, volume loss) were present, but more specific radiologic patterns of
pulmonary fibrosis such as usual interstitial pneumonia (UIP), nonspecific interstitial
pneumonia (NSIP), organizing pneumonia (OP), chronic hypersensitivity pneumonitis (HP),
or smoking-related ILD were absent 17:26.27,

MDD interpretation of lung histopathology

In 56 patients, surgical lung biopsy (SLB) was performed prior to MDD and was available
for review at MDD. MDD histopathology interpretation was performed by thoracic
pathologists and was rendered based on established radiologic terms and patterns according
to published literature 517:26.28-31 The term unclassifiable fibrosis was rendered when
findings of histologic fibrosis were present on SLB, but more specific pathologic patterns of
pulmonary fibrosis such as UIP, NSIP, OP, or chronic HP were absent 17:26,

Referring and MDD consensus clinical diagnoses

For the purposes of this study, we additionally accessed the electronic medical record (EMR)
retrospectively to obtain the referring clinical diagnoses as documented in the EMR by the
referring pulmonary physician. MDD consensus clinical diagnoses were rendered at MDD
based on established published literature 5:17:20.28.32.33 \\je ysed the term smoking-related
ILD to encompass a broad spectrum of smoking-related processes on imaging, including
RB, DIP, PLCH, and emphysema with fibrosis, in association clinically with the presence of
cigarette smoking or other substance use associated with smoke inhalation 19:22-25.34 The
term unclassifiable ILD was assigned when ILD was present, but either two or more ILD
diagnoses remained under consideration or the ILD remained unclassifiable 172627,

In patients in which MDD consensus diagnosis differed compared to referring diagnosis,
two authors (ND, NWT) retrospectively analyzed information provided at MDD regarding
the discussion and assessment of the environmental exposures and pertinent features of the
medical history, the specificity of chest CT interpretations rendered at MDD, and the
specificity of SLB interpretations rendered at MDD. These two authors then retrospectively
made a determination as to the primary factor or factors (assessment of environmental
exposures and pertinent features of the medical history, chest CT interpretation or SLB
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interpretation) which were most impactful on the MDD consensus clinical diagnosis in each
of these individual patients.

Statistical analyses

Referring clinical diagnoses and MDD consensus clinical diagnoses were compared by chi-
square (Fisher’s exact test). P-value <0.05 denoted statistical significance.

Results

Patient Characteristics

We analyzed 179 patients presented at MDD between October 2016 and April 2019. The
characteristics of the patients are shown in Table 1. There were slightly more males than
females, and more Caucasian patients than patients of African American, Asian, or Hispanic
ethnicity.

The referring clinical diagnoses and MDD consensus clinical diagnoses are also shown in
Table 1. The most common referring diagnosis was unclassifiable ILD (67 patients, 38%)
and fewer patients (29 patients, 16%) were rendered this diagnosis following MDD.
Autoimmune-related ILD, chronic hypersensitivity pneumonitis, smoking-related ILD, and
medication-induced ILD were each observed to be more frequent clinical diagnoses
following MDD compared to referring diagnosis. Idiopathic pulmonary fibrosis (IPF) was
perhaps less frequent than anticipated in both referring diagnosis (16 patients, 9%) and
MDD consensus diagnosis (17 patients, 10%). A minority of patients had variety of less
common pulmonary disorders both at referral and with MDD, and these are listed in detail in
the table legend of Table 1.

Presence of environmental exposures and pertinent features of the medical history

As seen in Table 2, almost all patients, 168 of 179 patients, had one or more environmental
exposure or pertinent feature of the medical history which was identified. A majority of
patients (132 patients, 73%) had concerning environmental exposures, with many having
had more than one exposure which required an assessment at MDD. Smoke inhalation due
to cigarette use (84 patients, 47%, median pack-years 20 [10,35]) or other substance use was
very prevalent in this cohort, along with inhalation of other recreational substances in a
minority of patients. Exposure to organic antigens such as mold or avian proteins within the
residential environment was likewise common (52 patients, 29%). Similarly, many
concerning exposures related to the patients’ occupation were observed, including exposure
to silicates (asbestos and silica), wood, metal, or paper dust, and a variety of exposures to
vapors, gases or fumes.

A history of systemic autoimmune disease was common (53 patients, 29%) and consisted of
a variety of well-defined autoimmune diseases. Anti-synthetase syndrome was the most
common autoimmune process identified, and many different myositis—specific and myositis—
associated antibodies were observed in these patients. A history of prior malignancy was
noted in a few patients, and similarly a family history of either lung disease or autoimmune
disease was noted in a few patients. Medications which have been well-associated with

Respir Med. Author manuscript; available in PMC 2022 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Dodia et al.

Association

Page 6

pulmonary toxicity were either currently being used or had been previously taken in 20
patients (11%). Amiodarone (or dronedarone) was the most common concerning medication
observed, but a rather diverse group of medications were noted, described in the body and
table legend of Table 2. As previously shown in Table 1, the percentage of patients rendered
with medication-induced ILD was higher following MDD.

of environmental exposures and pertinent features of the medical history with

MDD consensus clinical diagnoses

Association

When examining the information in Tables 1 and 2, it can be observed and concluded that
concerning environmental exposures or pertinent features of the medical history did not
necessarily equate with an individual patient’s lung disease being directly related to those
exposures or features, and these observations are further detailed in Table 3. For example, as
seen in Table 3, there were 84 patients with a history of cigarette smoking, but only 18 of
these patients had a rendered MDD consensus clinical diagnosis of smoking-related ILD,
with the remaining patients having a variety of other consensus diagnoses rendered. In the
52 patients with concerning residential mold and/or avian exposures, a majority did have an
MDD consensus diagnosis of chronic HP, whereas in the 42 patients with concerning
occupational exposures, only a minority had an MDD consensus diagnosis of occupation-
related ILD, with a variety of other forms of ILD rendered in the remainder.

In regard to features of the medical history, as seen in Table 3, 53 patients had a history of
systemic autoimmune disease, but only 39 of these patients were rendered an MDD
consensus clinical diagnosis of autoimmune-related ILD. Similar findings were observed in
the 20 patients who had taken medications which have been well-associated with pulmonary
toxicity. These observations overall demonstrate that it is not merely the presence of
environmental exposures and pertinent features of the medical history, but it’s their
assessment at MDD that is important, assessing the propensity, intensity and duration of the
exposures themselves and within the context of expert chest CT imaging and lung
histopathology interpretations.

of chest CT imaging interpretations with MDD consensus clinical diagnoses

All 179 patients had chest CT imaging available for interpretation at MDD. Table 4 shows
an overview of 150 patients in which the most frequently observed radiologic interpretations
were rendered at MDD, and the associated MDD consensus clinical diagnoses. Three
common radiologic patterns observed were UIP, NSIP, and OP, and Table 4 demonstrates
that each of these precise radiologic patterns was associated with a variety of MDD
consensus clinical diagnoses. In the 31 patients with UIP on imaging, 17 had an MDD
consensus clinical diagnosis of IPF, but other forms of ILD were found in the remaining 14
patients. Imaging interpretations of NSIP and OP were observed in 21 and 16 patients,
respectively, and were often associated with autoimmune-related ILD, but these radiologic
patterns were observed in other forms of ILD as well. Interpretations of multifocal GGO,
widespread mosaicism, and unclassifiable fibrosis were observed in many patients and were
associated with many different forms of ILD. Thus, although precise, well-defined
radiologic interpretations including UIP, NSIP, and OP were rendered at MDD, they were
associated with a variety of clinical forms of ILD, indicating their nonspecific nature in

Respir Med. Author manuscript; available in PMC 2022 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Dodia et al.

Association
diagnoses

Page 7

many instances. Panels A and B in Figure 1 demonstrate representative associations of chest
CT imaging interpretations with MDD consensus clinical diagnoses.

Although Table 4 demonstrates that many chest CT interpretations may be nonspecific, the
imaging interpretations of chronic HP and smoking-related ILD were more closely
associated with MDD consensus clinical diagnoses of chronic HP and smoking-related ILD,
respectively. It should be noted that even these relatively specific radiologic patterns were in
a few instances associated with alternative MDD consensus clinical diagnoses.

of surgical lung biopsy interpretations with MDD consensus clinical

Surgical lung biopsy (SLB) had been performed and was available for review at MDD in 56
patients. Table 5 shows an overview of 41 patients in which the most frequently observed
histopathologic interpretations were rendered at MDD, and the associated MDD consensus
clinical diagnoses. Common histologic patterns observed on SLB were UIP (12 patients) and
NSIP (12 patients), but similar to the chest CT imaging observations, both of these well-
defined histopathologic patterns were associated with a variety of MDD consensus clinical
diagnoses, demonstrating their nonspecific nature in many instances. Unclassifiable fibrosis
(9 patients) was likewise associated with several different MDD consensus clinical
diagnoses. Table 5 does show that the histopathologic interpretations of OP and HP were
closely associated with autoimmune-related ILD and chronic HP, respectively, although the
number of patients with these patterns on SLB was small in our group of patients. Panels C
and D in Figure 1 demonstrate representative associations of SLB interpretations with MDD
consensus clinical diagnoses.

Relative contribution of factors when MDD consensus clinical diagnoses differed from
referring clinical diagnoses

As shown in Table 1, referring clinical diagnoses and MDD consensus clinical diagnoses
differed (p < 0.001). Overall, MDD consensus clinical diagnosis was identical to the
referring clinical diagnosis in 102 patients (57%) and differed in 77 patients (43%). The four
most common MDD consensus clinical diagnoses in these 77 patients were chronic HP (14
patients), autoimmune-related ILD (12 patients), medication-induced ILD (9 patients), and
IPF (9 patients).

In these 77 patients in whom MDD consensus clinical diagnoses differed compared to
referring clinical diagnoses, a retrospective determination was made as to the primary factor
or factors that were most impactful on individual MDD consensus clinical diagnoses:
assessment of environmental exposures and medical history, chest CT interpretation or SLB
interpretation. Overall, the results of these determinations are shown in the Venn diagram in
Figure 2. The comprehensive assessment of environmental exposures and pertinent features
of the medical history had the greatest impact on MDD consensus clinical diagnoses in these
patients, being the sole primary factor in 28 of 77 patients and a factor in combination with
chest CT interpretation in an additional 25 patients.
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Discussion

The major observation of our study is the importance of comprehensively assessing
recreational, avocational, residential, and occupational exposures along with pertinent
features of the medical history in patients with ILD presented for MDD. It is not merely the
presence of these exposures and features that is important, but it is their expert assessment
that guides MDD and allows for precise and accurate rendering of MDD consensus clinical
diagnoses. Some of this assessment is related to expertise regarding specifics of the
exposure, such as its propensity to cause pulmonary disease, intensity and duration of the
exposure, or presence of alternative exposures, and to the particular specifics of the medical
history, whereas other portions relate to expert interpretation of chest CT imaging and lung
histopathology. In our subgroup of 77 patients in which MDD consensus clinical diagnoses
differed from referring clinical diagnoses, we found that a comprehensive assessment of
environmental exposures and medical history was the most impactful factor on MDD
consensus clinical diagnoses in this group of patients.

Our findings do not negate the fact that precise and well-defined interpretations of chest CT
imaging and SLB histopathology are essential in the accurate diagnosis of all forms of ILD.
In some of the uncommon pulmonary disorders seen in the legend of Table 1, imaging or
histopathology likely provides the precise diagnosis in the absence of any assessment of
exposure or medical history. Nevertheless, our data demonstrates that well-defined
radiologic and histopathologic patterns are often associated with a wide variety of clinical
forms of ILD (Tables 4 and 5), demonstrating their nonspecific nature in many instances.
Recent published guidelines have also recognized the nonspecific nature of chest CT
imaging in selected instances, stating that chronic HP, for example, may present with
imaging patterns which are “neither suggestive nor compatible with features of HP” 35,

Previous studies describing primary MDD data 3#7-16 have focused almost exclusively on
such chest CT and lung histopathology interpretations. This approach may appear somewhat
surprising to ILD clinicians, since an assessment of exposures within the patient’s
environment as well as pertinent features of the medical history are widely recognized as
likely the most important components of the clinical evaluation of a patient with ILD. Some
of those earlier studies did focus more on the “idiopathic” interstitial pneumonias, and thus
may have assumed that these exposures and features would play a lesser role. Our data do
support active involvement in the MDD process by pulmonary ILD clinicians with extensive
experience in assessing the significance and potential role of a multitude of environmental
exposures. As availability of these experts may be limited, pulmonary physicians may
benefit from implementing standardized tools to increase recognition of potentially relevant
exposures, including the use of a standardized exposure questionnaire or the integration of
smart phrases and automated clinical decision support into electronic health records 33:36:37,

It is interesting to note that none of our 179 patients had an MDD consensus clinical
diagnosis of cryptogenic (idiopathic) organizing pneumonia (COP) and only one patient had
idiopathic NSIP. As shown in Tables 4 and 5, many patients did have MDD radiologic and
histologic interpretations of NSIP and OP, but these patients were rendered with well-
recognized clinical forms of ILD following MDD rather than idiopathic disease. A prior
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MDD publication found similar results, in which no patients (out of 90) had an MDD
clinical diagnosis of idiopathic NSIP, leading the authors to state that idiopathic NSIP is a
“very rare condition” 2. Similarly in regard to idiopathic disease, only ten percent of our
patients (17 of 179) had an MDD consensus clinical diagnosis of IPF, which is perhaps
surprising since IPF has generally been described as one of the most common ILDs overall
and at MDD 379-11.14 Thjs discrepancy is likely due to our thoracic radiologists utilizing
precise and strict radiologic criteria for typical or probable UIP which have evolved over the
past 5 years °, as well as the comprehensive and detailed assessment of environmental
exposures and medical history within our MDD. In a recent Fleischner Society publication,
the authors stated that a diagnosis of IPF “requires an inquiring mind, a clear understanding
of the differential diagnosis for IPF, and a comprehensive and structured approach to help
exclude known causes and associations of fibrosing lung disease” 2. In our experience, the
greater the expertise in pulmonary, occupational, and environmental medicine present at
MDD and the greater depth in which a patient’s environmental exposures and medical
history are explored, the more likely that a diagnosis other than idiopathic disease (IPF, COP,
idiopathic NSIP) will be rendered.

One potential interpretation of our results is in conjunction with the recently published study
on the efficacy of antifibrotic therapy (nintedanib) in progressive fibrosing ILD 38. That
study demonstrated beneficial use of antifibrotic therapy not only for patients with IPF, but
also for patients with a wide variety of other forms of fibrosing ILD. It could therefore be
asked whether establishing a precise MDD consensus diagnosis is actually impactful.
However, currently approved antifibrotics have not to date been demonstrated to prolong
survival, although they have been shown to slow pulmonary function decline. Thus within
this context, a major benefit of assessing environmental exposures and the medical history
within MDD will be the opportunity for clinicians to initiate environmental remediation,
behavior modification, and/or a medication alteration in selected patients, which perhaps

may be one of the most beneficial and efficacious interventions in many patients with ILD
33,39-41

We fully recognize the limitations of the present study. First, the retrospective nature of this
study does not allow us to have longitudinal or outcome data that would support or refute
our MDD consensus clinical diagnoses, a limitation which can be overcome in future
prospective research after more time has elapsed for follow up. Second, in the group of 77
patients in which MDD consensus diagnosis differed from referring, our determination that
assessment of environmental exposures and the medical history had the greatest impact was
a retrospective judgement determination. It is interesting to note that almost half of these
patients (35 of 77) had an MDD consensus diagnosis of either chronic HP, autoimmune-
related ILD, or medication-induced ILD, forms of ILD which required a major contribution
from the exposure and medical history assessment. Additionally, although precise, well-
defined radiologic and histologic patterns were rendered, these patterns were often
nonspecific as shown in Tables 4 and 5, leading to CT and SLB interpretations being less
impactful when MDD consensus diagnosis differed compared to referring. Conversely, in
other patients, rather specific radiologic (e.g., pleuroparenchymal fibroelastosis) or
histologic (e.g., diffuse panbronchiolitis) patterns were rendered, instances in which chest
CT interpretation and SLB interpretation, respectively, were determined to be the most
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impactful factors. Overall, we concluded that the assessment of environmental exposures
and the medical history had the greatest impact on MDD consensus diagnoses in these 77
patients, but this was a retrospective judgment and clearly open to critique by other expert
pulmonary clinicians, radiologists, and pathologists. Third, the possibility of selection bias
exists, as patients were presented to MDD at the discretion of the pulmonary physician who
performed the initial ILD consultation at our institution. The pulmonary physician may have
thus been swayed to present patients to MDD only if the ILD diagnosis was particularly
confusing or complex, and it is possible that patients with more straight-forward ILD were
simply not presented to MDD. Fourth, it was difficult to numerically quantify many of the
environmental exposures which were described and assessed in Table 2. For cigarette
smoking, quantifying this exposure was rather straight-forward and was expressed as pack-
years, but for most of the other exposures, we relied on information presented at MDD, in
which exposures were most often characterized with terms such as substantial or multi-year.
As part of the MDD process, the group of expert pulmonologists, radiologists, and
pathologists provided their best expertise as to the significance and potential causal
relationship in regard to each of the exposures which were assessed.

MDD has now become widely recommended by expert guidelines and is often incorporated
into clinical practice. In our current study, a comprehensive assessment of environmental
exposures and pertinent features of the medical history guided the MDD process, as some of
the most vital input came from clinicians with expertise in pulmonary medicine and as well
as expertise in occupational and environmental exposures. Due to the large number of
patients requiring expert assessment of occupational and environmental exposures,
implementation of a formal education process in this regard to pulmonary trainees as well as
the use of standardized tools, such as an exposure questionnaire or integration of smart
phrases into the EMR, should be considered to promote an accurate consensus diagnosis at
MDD and to clinically benefit all patients with ILD 33:36:37_ An accurate MDD consensus
clinical diagnosis likely provides the most appropriate, patient-centered, therapeutic
strategies, and perhaps most importantly, MDD may be able to determine whether initiation
of an environmental remediation, behavior modification or medication alteration would
likely provide a beneficial effect in individual patients with ILD.
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Highlights

Multidisciplinary discussion (MDD) is endorsed for interstitial lung disease
(ILD)

Prior published MDD data has focused on chest CT and lung biopsy
interpretations

Our MDD showed the value of assessing environmental exposures and
medical history

MDD may offer opportunities for environmental, behavior, or medication
modification
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Figure 1.
Representative images demonstrating the association of environmental exposures and
medical history assessment with radiologic and histopathologic interpretations. (A) Axial
> chest CT image demonstrating peripheral reticulation, traction bronchiectasis (more
% apparent on coronal reformatting) and honeycombing in a basilar-predominant distribution;
o MDD chest CT interpretation was typical UIP. The pleural-based opacities seen in the
< periphery of the right hemithorax are consistent with pleural fat on mediastinal windowing, a
% finding often observed with pulmonary fibrosis. Medical history was pertinent for clinical
(Cu)) and laboratory findings consistent with antisynthetase syndrome, including the serologic
%- presence of myositis-specific antibodies anti-NXP-2 and anti-MDA5. MDD consensus
— clinical diagnosis was autoimmune-related ILD. (B) Coronal CT image demonstrating
Respir Med. Author manuscript; available in PMC 2022 April 01.
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widespread traction bronchiectasis and lower lobe volume loss consistent with severe
pulmonary fibrosis, but lacking the typical radiologic features and distribution of UIP, NSIP,
or OP; MDD chest CT interpretation was unclassifiable fibrosis. Exposure history indicated
many years as a machinist in the steel industry, with longterm exposure to stone grinding
wheels and hard-metals. MDD consensus clinical diagnosis was occupation-related ILD. (C)
Low magnification SLB histopathology image demonstrating widespread thickening of
interalveolar septae in a geographically homogenous pattern, and with high magnification
(inset) demonstrating both cellular and fibrotic components; MDD histopathologic
interpretation was NSIP. Exposure history indicated long-term avian exposures, and medical
history indicated intermittent fever, myalgias, dyspnea, and serologic testing consistent with
avian protein exposure, all consistent with HP, despite the lack of bronchiolocentric or
granulomatous inflammation on SLB. MDD consensus clinical diagnosis was chronic HP.
(D) Low magnification SLB histopathology image demonstrating pulmonary fibrosis,
collapse of secondary pulmonary lobules, honeycombing, and fibroblastic foci (inset); MDD
histopathologic interpretation was UIP. Medical history indicated treatment with infliximab,
and her clinical course was most consistent with subacute and chronic lung injury as a result
of infliximab therapy. MDD consensus clinical diagnosis was medication-induced ILD. Gray
scale bars in lower left corners of panels C and D represent 3 mm and 2 mm, respectively.
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Assessment of Environmental
Exposures and Medical History

28

urgical Lung
Biopsy

12

Chest CT
Interpretation

Figure 2.
Venn diagram of 77 patients in which MDD consensus clinical diagnosis differed from

referring clinical diagnosis, and demonstrating the relative contribution of individual factors
(assessment of environmental exposures and pertinent features of the medical history, chest
CT interpretation, and SLB interpretation) that were most impactful on MDD consensus
clinical diagnoses. Of note, the overall size of the three circles reflects the numbers of
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patients enclosed within the circles. Assessment of environmental exposures and medical
history had the greatest impact on MDD consensus clinical diagnoses in these 77 patients.
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Characteristics of patients at time of presentation for multidisciplinary discussion (MDD) and findings of
referring and MDD consensus clinical diagnoses (n= 179 total)

Characteristics
Age, years, median [1%, 37]
Gender
Male, n
Female, n
Ethnicity
Caucasian, 7
African American, 7
Asian, n

Hispanic, 77

66 [57,70]

99 (55%)
80 (45%)

113 (63%)
51 (28%)
8 (5%)

7 (4%)

Clinical Diagnosis

Unclassifiable ILD *
Autoimmune-related ILD

Chronic hypersensitivity pneumonitis
Idiopathic pulmonary fibrosis (IPF)
Smoking-related ILD
Occupation-related ILD
Medication-induced ILD

Other

Referring clinical diagnosis, n (%)
67 (38%)

32 (18%)
21 (12%)
16 (9%)
14 (8%)
7 (4%)

5 (3%)

17 (9%) |

MDD consensus clinical diagnosis, n (%)

29 (16%)

40 (22%)

31 (17%)

17 (10%)

19 (11%)

6 (3%)

12 (7%)

25 (14%) ¥

Chi-square

p <0.001

*
unclassifiable ILD indicates two or more ILD diagnoses remained under consideration or ILD remained unclassifiable.

7Lcryptogenic organizing pneumonia (/7= 4), sarcoidosis (1= 3), idiopathic nonspecific interstitial pneumonia (7= 2), constrictive bronchiolitis (7=
2), follicular bronchiolitis (/7= 1), lymphangitic carcinoma (/7= 1), chronic eosinophilic pneumonia (7= 1), pulmonary veno-occlusive disease (7=
1), congenital bronchopulmonary dysplasia (7= 1), and idiopathic pulmonary hemosiderosis (7= 1).

’tsarcoidosis (n=2), constrictive bronchiolitis (7= 2), acute interstitial pneumonia (7= 2), diffuse pleural thickening (7= 2), emphysema (7= 2),
no ILD (n= 2), pleuroparenchymal fibroelastosis (7= 1), congenital bronchopulmonary dysplasia (/7= 1), idiopathic pulmonary hemosiderosis (7=
1), diffuse panbronchiolitis (/7= 1), chronic eosinophilic pneumonia (7= 1), pulmonary capillary hemangiomatosis (/7= 1), idiopathic nonspecific
interstitial pneumonia (n= 1), lymphangitic carcinoma (/7= 1), pulmonary veno-occlusive disease (7= 1), post-infectious ILD (7= 1), lymphocytic
interstitial pneumonia (7= 1), chronic aspiration (7= 1), interstitial lung abnormalities (7= 1).
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Table 2.

Environmental exposures and pertinent features of the medical history which required assessment at MDD

n (% of 179 total patients) *

Environmental Exposures 132 (73%)
Avocational / Recreational 87 (49%)
Cigarette smoking 84 (47%)
Pack-years, median [1%, 3] 20[10,35]
Marijuana 10 (6%)
Heroin or cocaine 7 (4%)
Wood, metal, or paper dust 4 (2%)
Vapors, gases, or fumes 2 (1%)
Other 2(1%)
Residential 52 (29%)
Mold 37 (21%)
Avian proteins 24 (13%)
Occupational 42 (23%)
Vapors, gases, or fumes 14 (8%)
Silica, cement, or concrete 13 (7%)
Asbestos 12 (7%)
Wood, metal, or paper dust 7 (3%)
Other 4 4 (2%)
Medical History 66 (35%)
Autoimmune disease 53 (29%)
Anti-synthetase syndrome 15 (8%)
Undifferentiated connective tissue disease 13 (7%)
Rheumatoid arthritis 11 (6%)
Systemic lupus erythematosus 5 (3%)
Sjogren’s syndrome 3 (2%)
Other 7 6 (3%)
Medication use 20 (11%)
Amiodarone or Dronedarone 6 (3%)
Methotrexate or Leflunomide 5 (3%)
TNF inhibitors 3 (2%)
Systemic chemotherapy (antineoplastic) 2 (1%)
Other ¥ 5 (3%)
Malignancy 6 (3%)
Hematologic 2 (1%)
Solid organ 4 (2%)
Family history of ILD or autoimmune disease 6 (3%)

*
note: many individual patients had more than one environmental exposure and/or pertinent feature of the medical history which required
assessment at MDD, thus numbers of patients in the sub-categories could exceed those in the respective categories.
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7Lvaping (n = 1), organic animal proteins (n = 1).
fhard metals (n = 1), beryllium (n = 1), burn pits (n = 1), dioxin (agent orange, n = 1).
”psoriasis (n = 3), antineutrophilic cymiddlelasmic antibody-associated vasculitis (n = 2), and systemic sclerosis (n = 1).

§rituximab (n =1), sirolimus (n = 1), basiliximab (n = 1), ibrutinib (n = 1), evolocumab (n = 1).
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Association of environmental exposures and pertinent features of the medical history with MDD consensus

clinical diagnoses

Table 3.

Environmental Exposures * MDD Consensus Clinical Diagnosis n
Smoking-related ILD 18
Autoimmune-related ILD 12
Chronic hypersensitivity pneumonitis (HP) 12
Idiopathic pulmonary fibrosis (IPF) 5
Recreational: cigarette smoking )
(n=84) Occupation-related ILD 5
Medication-induced ILD 5
Other 4 13
Unclassifiable ILD 7 14
Chronic hypersensitivity pneumonitis (HP) 29
Smoking-related ILD 6
Autoimmune-related ILD 5
o . . Medication-induced ILD 2
Residential: mold or avian proteins
(n=52) Idiopathic pulmonary fibrosis (IPF) 1
Occupation-related ILD 1
Other 7 3
Unclassifiable ILD 7 5
Idiopathic pulmonary fibrosis (IPF) 8
Occupation-related ILD 6
Chronic hypersensitivity pneumonitis (HP) 6
Occupational: gases, silica, asbestos, dust, hard metals Smoking-related ILD 5
n=42
( ) Autoimmune-related ILD 2
Other § 6
Unclassifiable ILD 7 9
Medical History * MDD Consensus Clinical Diagnosis n
Autoimmune-related ILD 39
Medication-induced ILD 5
Occupation-related ILD 1
Autoimmune disease . . L
(n=53) Idiopathic pulmonary fibrosis (IPF) 1
Other * 2
Unclassifiable ILD © 5
Medication use Medication-induced ILD 12
(n=20) Autoimmune-related ILD 3
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Environmental Exposures * MDD Consensus Clinical Diagnosis n
Other ** 1
u 4

Unclassifiable ILD

*
note: many patients had more than one environmental exposure or pertinent feature of the medical history requiring assessment at MDD, thus total

numbers of patients in this column add to greater than 179
7‘unclassifiable ILD indicates two or more ILD diagnoses remained under consideration or ILD remained unclassifiable.

’fdiffuse pleural thickening (n = 2), emphysema (n = 2), diffuse panbronchiolitis (n = 1), idiopathic nonspecific interstitial pneumonia (n = 1),
interstitial lung abnormalities (n = 1), lymphangitic carcinoma (n = 1), lymphocytic interstitial pneumonia (n = 1), sarcoidosis (n = 1), pulmonary
veno-occlusive disease (n = 1), post-infectious ILD (n = 1), pleuroparenchymal fibroelastosis (n = 1).

”chronic aspiration (n = 1), post-infectious ILD (n = 1), sarcoidosis (n = 1).

§

diffuse pleural thickening (n = 2), acute interstitial pneumonia (n = 1), constrictive bronchiolitis (n = 1), lymphocytic interstitial pneumonia (n =
1), post-infectious ILD (n = 1).

#emphysema (n = 1), normal lung parenchyma (n = 1).

Ak
normal lung parenchyma (n = 1).
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Association of chest CT imaging interpretations with MDD consensus clinical diagnoses in 150 of 179

Table 4.

patients
Chest CT Imaging Interpretation MDD Consensus Clinical Diagnosis n
Idiopathic pulmonary fibrosis (IPF) 17
Autoimmune-related ILD 8
Usual interstitial pneumonia (UIP) Chronic hypersensitivity pneumonitis (HP) 2
(n=31) Medication-induced ILD 2
Occupation-related ILD 1
Unclassifiable ILD * 1
Autoimmune-related ILD 11
Chronic hypersensitivity pneumonitis (HP) 4
Nonspecific interstitial pneumonia (NSIP) Medication-induced ILD !
(n=21) Acute interstitial pneumonia (AIP) 1
Idiopathic NSIP 1
Unclassifiable ILD * 3
Autoimmune-related ILD 10
Chronic hypersensitivity pneumonitis (HP) 2
Organizin% pnelugonia (©P) Medication-induced ILD 1
n=
Acute interstitial pneumonia (AIP) 1
Unclassifiable ILD * 2
Medication-induced ILD 4
Autoimmune-related ILD 2
. » Smoking-related ILD 2
Multifocal ground glass opacities (GGO)
(n=16) Chronic hypersensitivity pneumonitis (HP) 1
Other # 4
Unclassifiable ILD * 3
Chronic hypersensitivity pneumonitis (HP) 4
Autoimmune-related ILD 2
I . Medication-induced ILD 1
Widespread mosaicism
(n=13) Occupation-related ILD 1
Other 7 3
Unclassifiable ILD * 2
Chronic hypersensitivity pneumonitis (HP) 8
Occupation-related ILD 3
Unclassifiable fibrosis 7 Medication-induced ILD 2
n=25
( ) Smoking-related ILD 1
Unclassifiable ILD * 1
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Chest CT Imaging Interpretation MDD Consensus Clinical Diagnosis n
Smoking-related ILD 14
Smokl?g-zrejl-:;t)ed ILD Chronic hypersensitivity pneumonitis (HP) 2
Autoimmune-related ILD 1
Chronic hypersensitivity pneumonitis (HP) 8
Chronic hypersensitivity pneumonitis (HP) Occupation-related ILD 1

(n=11)
Unclassifiable ILD * 2

*
unclassifiable ILD indicates two or more ILD diagnoses remained under consideration or ILD remained unclassifiable.

Page 24

funclassifiable fibrosis indicates radiologic findings of pulmonary fibrosis were present, but more specific radiologic patterns of fibrosis were

absent.

’tchronic aspiration (n = 1), constrictive bronchiolitis (n = 1), post-infectious ILD (n = 1), chronic eosinophilic pneumonia (n = 1).

”idiopathic pulmonary hemosiderosis (n = 1), constrictive bronchiolitis (n = 1), congenital bronchopulmonary dysplasia (n = 1).
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Association of surgical lung biopsy (SLB) interpretations with MDD consensus clinical diagnoses in 41 of 56

patients

SLB Histopathologic Interpretation MDD Consensus Clinical Diagnosis n
Idiopathic pulmonary fibrosis (IPF) 4
Medication-induced ILD 2
Usual interstitial pneumonia (UIP) Autoimmune-related ILD !
(n=12) Chronic hypersensitivity pneumonitis (HP) 1
Occupation-related ILD 1
Unclassifiable ILD * 3
Chronic hypersensitivity pneumonitis (HP) 5
Autoimmune-related ILD 3
Nonspecific interstitial pneumonia (NSIP) Idiopathic pulmonary fibrosis (IPF) 1
(n=12) Acute interstitial pneumonia (AIP) 1
Idiopathic NSIP 1
Unclassifiable ILD * 1
Smoking-related ILD 5
Unclassifiable fibrosis 4 Chronic hypersensitivity pneumonitis (HP) 1

(n=9)
Unclassifiable ILD * 3
Organizing(pnezr)nonia (OP) Autoimmune-related ILD 4

n=

Hypersensitivity pneumonitis Chronic hypersensitivity pneumonitis (HP) 4

(n=4)

*
unclassifiable ILD indicates two or more ILD diagnoses remained under consideration or ILD remained unclassifiable.

funclassifiable fibrosis indicates histologic findings of pulmonary fibrosis were present, but more specific histopathologic patterns of fibrosis were

absent.
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