Page 1 of 98

AMERICAN THORACIC SOCIETY DOCUMENTS

Detection of Bronchiolitis Obliterans Syndrome Following Pediatric Hematopoietic Stem
Cell Transplantation

An Official American Thoracic Society Clinical Practice Guideline

Shivanthan Shanthikumar, William A Gower, Saumini Srinivasan, Jonathan H. Rayment,
Paul D. Robinson, Jennifer Bracken, Anne Stone, Shailendra Das, Amisha Barochia, Edward
Charbek, Maximiliano Tamae-Kakazu, Erin E. Reardon, Matthew Abts, Thane Blinman,
Charlotte Calvo, Pi Chun Cheng, Theresa S. Cole, Kenneth R. Cooke, Stella M. Davies,
Aliva De, Jessica Gross, Francoise Mechinaud, Ajay Sheshadri, Roopa Siddaiah, Ashley
Teusink-Cross, Christopher T. Towe, Laura L. Walkup, Gregory A. Yanik, Anne Bergeron,
Alicia Casey, Robin R. Deterding, Deborah R. Liptzin, Kirk R. Schultz, Narayan P. Iyer, and

Samuel Goldfarb; on behalf of the American Thoracic Society Assembly on Pediatrics

THIS OFFICIAL CLINICAL PRACTICE GUIDELINE OF THE AMERICAN THORACIC SOCIETY WAS APPROVED MAY 2024

You may print one copy of this document at no charge. However, if you require more than
one copy, you must place a reprint order. Domestic reprint orders:

amy.schriver@sheridan.com; international reprint orders: louisa.mott@springer.com.

ORCID IDs: 0000-0001-6000-3180 (S. Shanthikumar); 0000-0001-5863-7379 (W.A.G.);
0000-0002-6821-7746 (S. Srinivasan); 0000-0003-4955-8876 (J.H.R.); 0000-0001-7397-
105X (P.D.R.); 0009-0005-8433-5194 (J.B.); 0000-0001-6004-4257 (A.S.); 0009-0008-2660-

3498 (S.D.); 0000-0002-7352-6412 (A. Barochia); 0000-0001-6502-1505 (E.C.); 0000-0003-

1

AJRCCM Articlesin Press. Published June 18, 2024 as 10.1164/rccm.202406-1117ST
Copyright © 2024 by the American Thoracic Society



4943-1656 (M.T.-K..); 0000-0001-7939-9808 (E.E.R.); 0000-0002-6048-4591 (M.A.); 0000-
0001-9351-3187 (T.B.); 0000-0002-6628-6342 (C.C.); 0000-0002-2809-5799 (P.C.C.); 0000-
0002-8272-4074 (T.S.C.); 0000-0002-0275-6931 (K.R.C.); 0000-0002-3137-6647 (S.M.D.);
0000-0001-6995-5823 (A.D.); 0009-0000-6449-0086 (J.G.); 0000-0001-7160-6171 (F.M.);
0000-0002-8091-0180 (A.J.); 0000-0001-9184-3908 (R.S.); 0000-0003-4107-2070 (A.T.-C.);
0000-0002-1129-5671 (C.T.T.); 0000-0002-5060-6401 (L.L.W.); 0000-0003-2156-254X (A.
Bergeron); 0000-0002-3566-9690 (A.C.); 0000-0001-6890-3466 (R.R.D.); 0000-0002-3667-
1856 (D.R.L.); 0000-0002-0001-6438 (K.R.S.); 0000-0003-3589-0018 (N.P.I.); 0000-0002-

0012-5415 (S.G.).

Correspondence and requests for reprints should be addressed to Prof. Samuel Goldfarb,
Division of Pediatric Pulmonary and Sleep Medicine, Department of Pediatrics, University of

Minnesota, Minneapolis, MN 55455. E-mail: goldf091@umn.edu; phone: (612) 626-2916.

A data supplement for this article is available via the Supplements tab at the top of the online

article.

This document has not yet been copyedited or typeset. It will appear in final corrected form

in an upcoming issue of the American Journal of Respiratory and Critical Care Medicine.

2

AJRCCM Articlesin Press. Published June 18, 2024 as 10.1164/rccm.202406-1117ST
Copyright © 2024 by the American Thoracic Society

Page 2 of 98



Page 3 0of 98

ABSTRACT

Background: Many children undergo allogeneic hematopoietic stem cell transplantation
(HSCT) for the treatment of malignant and non-malignant conditions. Unfortunately,
pulmonary complications occur frequently post-HSCT, with bronchiolitis obliterans
syndrome (BOS) being the most common non-infectious pulmonary complication. Current
international guidelines contain conflicting recommendations regarding post-HSCT
surveillance for BOS, and a recent National Institutes of Health workshop highlighted the
need for a standardized approach to post-HSCT monitoring. As such, this guideline provides

an evidence-based approach to detection of post-HSCT BOS in children.

Methods: A multinational, multidisciplinary panel of experts identified six questions

regarding surveillance for, and evaluation of post-HSCT BOS in children. Systematic review
of the literature was undertaken to answer each question. The Grading of Recommendations,
Assessment, Development, and Evaluation approach was used to rate the quality of evidence

and the strength of recommendations.

Results: The panel members considered the strength of each recommendation and evaluated
the benefits and risks of applying the intervention. In formulating the recommendations, the
panel considered patient and caregiver values, the cost of care, and feasibility.
Recommendations addressing the role of screening pulmonary function testing and diagnostic
tests in children with suspected post-HSCT BOS were made. Following a Delphi process,

new diagnostic criteria for pediatric post-HSCT BOS were also proposed.
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Conclusions: This document provides an evidence-based approach to detection of post-
HSCT BOS in children, while also highlighting considerations for implementation of each

recommendation. Further, the document describes important areas for future research.

Keywords: bronchiolitis obliterans syndrome; pediatrics; stem cell transplantation
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The ATS recommendations, with regards to surveillance and detection of bronchiolitis
obliterans syndrome (BOS) in children following allogeneic hematopoietic stem cell
transplantation (HSCT) are summarized below and in Figure 1. A summary of implications of

strength of recommendations for different stakeholders is shown in Table 1.

Recommendation 1. We recommend pre-HSCT spirometry, static lung volumes, and
diffusing capacity of the lungs for carbon monoxide (DL¢o) for children who can perform

them (strong recommendation, moderate certainty of evidence)

Recommendation 2a. We suggest active surveillance rather than testing only symptomatic
patients using spirometry and where feasible, static lung volumes, and DL beginning at 3

months post-HSCT (conditional recommendation, low certainty of evidence).

Recommendation 2b. We suggest spirometry and where feasible static lung volumes and
DL, be performed every 3 months in the first year post-HSCT and every 3 to 6 months in
the second year post-HSCT in patients not at high risk of BOS (conditional recommendation,
low certainty of evidence).

Comment: More frequent testing may be indicated in those at high risk of pulmonary

complications or with cGvHD in other organs.

Recommendation 2c. For long-term follow-up in asymptomatic patients, we suggest
surveillance using spirometry and where feasible, static lung volumes and DL every 6
months, between 2 and 3 years post-HSCT and yearly after 3 years lasting until 10 years

post-HSCT (conditional recommendation, low certainty of evidence).

9

AJRCCM Articlesin Press. Published June 18, 2024 as 10.1164/rccm.202406-1117ST
Copyright © 2024 by the American Thoracic Society



Page 7 of 98

Comment: In patients with ongoing symptoms, more frequent (3-6 monthly) spirometry may

be necessary until stability in lung function testing has been demonstrated.

Recommendation 3a. At centers with adequate technical expertise to perform multiple
breath washout (MBW), we suggest including MBW and spirometry as part of a pre-HSCT
assessment of pulmonary function, or MBW alone if spirometry is not feasible (conditional

recommendation, low certainty of evidence).

Recommendation 3b. At centers with adequate technical expertise to perform MBW, we
suggest the use of post-HSCT MBW as part of the diagnostic evaluation of suspected BOS,
either as a complementary tool to spirometry or alone if spirometry is not

feasible (conditional recommendation, very low certainty of evidence).

Recommendation 4a. We suggest performing a chest computed tomography (CT) scan, with
inspiratory and expiratory views, in all children prior to allogeneic HSCT (conditional
recommendation, low certainty of evidence).

Comment: In situations where the clinical team identifies a low risk of pre-existing lung
disease, it is reasonable to not perform a pre-HSCT CT scan. Additionally, a pre-HSCT CT
scan does not need to be performed in patients with an ionizing-radiation sensitive condition

(i.e., Fanconi anemia).

Recommendation 4b. We suggest performing a chest CT scan with inspiratory and
expiratory views, in all children post-allogeneic HSCT who develop obstructive lung
function or in those children with clinical suspicion of BOS (conditional recommendation,

low certainty of evidence).
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Recommendation 5. We suggest bronchoscopy with bronchoalveolar lavage (BAL) be
performed to assess for infection as part of the BOS evaluation (conditional recommendation,
very low certainty of evidence).

Comment #1: If PFT result is unreliable due to technique, it is reasonable to repeat the test in
1-2 weeks and then only perform the bronchoscopy if the suspicion of BOS persists.

Comment #2: Where an infection has been diagnosed via a less invasive method (i.e.,
nasopharyngeal swab, sputum), it is reasonable to delay the bronchoscopy while treating the
infection/waiting for the infection to resolve, and then only perform the bronchoscopy if the

clinical suspicion of BOS persists.

Recommendation 6. We suggest surgical lung biopsy in pediatric post-HSCT patients where
BOS is suspected, but uncertainty regarding the diagnosis exists and the risks of biopsy are
smaller than the risks of the uncertainty. (conditional recommendation, low certainty of
evidence).

Comment: Uncertainty regarding the diagnosis exists when: A) clinical evidence (clinical
background/CT scan/pulmonary function testing) is discordant; B) there is no alternate way

to make the diagnosis,; C) there is concern for an alternate/co-existing condition.

INTRODUCTION

HSCT is an established treatment for malignant as well as non-malignant disease, the latter
including hemoglobinopathies, inherited immune deficiencies, and metabolic disorders.
Currently over 5000 children undergo allogeneic HSCT each year globally, with rates
increasing with time (1, 2). While post-HSCT survival has improved, pulmonary
complications are a significant contributor to morbidity and mortality, affecting 25% to 60%

children following HSCT and causing 25% to 65% of non-relapse mortality (3, 4). The
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current state of post-HSCT pulmonary complications in children was the focus of a recent
National Institutes of Health (NIH) workshop, with several knowledge gaps identified
including the need for pediatric specific definitions of pulmonary complications and the need
for a standardized approach to post transplant monitoring (5). The most common non-
infectious pulmonary complication following HSCT is BOS, a manifestation of lung chronic
graft vs. host disease (cGvHD) affecting 4.5-8.3% of children post-HSCT (6, 7). BOS can
present as early as three months post-HSCT and is characterized by progressive obstructive
lung disease, particularly affecting the peripheral airways. Given the initial phases of BOS
are often asymptomatic, surveillance with pulmonary function testing (PFT) is recommended

(8,9, 10).

The current approach for screening and diagnosis of BOS in children and adolescents poses
several limitations. First, current international guidelines differ in terms of specific PFT
maneuvers and frequency of testing recommended (8, 9, 10). This is reflected in clinical
practice, with a recent multinational survey highlighting significant variation in care (11).
Second, the current approach to screening is largely extrapolated from adult data and relies
on spirometry, which risks failing to detect the early stages of BOS arising in peripheral
airways. Moreover, many young children undergoing HSCT are unable to perform
spirometry due to age and other factors (12). Finally, there is a lack of guidance for clinicians

on how to respond to abnormal surveillance PFT results.

To address these limitations and to support both HSCT clinicians and pediatric
pulmonologists, the American Thoracic Society (ATS) endorsed a multinational,
multidisciplinary, group of clinicians to review the current literature and make

recommendations regarding surveillance and diagnosis of BOS in children post-HSCT.
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METHODS

This clinical practice guideline was developed in accordance with ATS policies and
procedures. We used the Grading of Recommendations, Assessment, Development, and
Evaluation (GRADE) approach (13, 14) to formulate clinical questions, identify and
summarize relevant evidence, and develop recommendations for clinical practice. The co-
chairs (S.S. and S.G.) submitted a proposal that was reviewed and approved by the ATS
Assembly of Pediatrics, Program Review Subcommittee, and Board of Directors. A
multidisciplinary panel of international specialists with expertise in pediatric HSCT, BOS,
and guideline development methodology was formed. Represented disciplines included
pediatric pulmonology, hematopoietic stem cell transplantation, oncology, immunology,
radiology, surgery, pharmacy, and nursing, along with families of patients with BOS.
Conlflicts of interest were disclosed and managed appropriately. The committee identified six
specific questions: three addressing the role of screening PFT and three focusing on
diagnostic tests in children with suspected post-HSCT BOS. The
patient/intervention/comparator/outcome (PICO) format was used to formulate each question,
and formal Medline searches were performed (see the online supplement). We included
studies of infants, children, and adolescents who had undergone allogeneic HSCT. Detailed
methods are included in the online supplement.

Question 1: Should pre-HSCT screening spirometry, static lung volumes, and DLc¢ be
performed in pediatric patients who will undergo allogeneic HSCT?

Background: Among children who receive allogeneic HSCT, BOS is the primary lung
manifestation of cGvHD, and a significant source of morbidity and mortality (3, 4). Current
clinical definitions of BOS are based on decline in forced expiratory volume in one second

(FEV)), requiring a baseline value to determine degree of change (15). In adult HSCT
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recipients, pre-HSCT impairments in FEV| and DL¢ are associated with post-HSCT all-

cause mortality and respiratory failure (16).

Patients receiving HSCT may have a history of prior lung disease, which may be
asymptomatic and undiagnosed, resulting in abnormal PFT results prior to transplant (17).
This can range from mild asthma (the most common chronic respiratory disease of
childhood) to sequelae of their primary disease process, which may include lung/airway
injury from recurrent lower respiratory infections and/or iatrogenic injury from prior chemo-
or radiation therapy. In adult HSCT recipients, pre-existing airflow obstruction may also be a
risk for post-HSCT BOS (18). For these reasons, accurate determination of lung function pre-

HSCT is critical for prognosis and determining change.

Evidence Base: The systematic review which informed the committee’s recommendation is
being published separately and so we summarize the salient findings (19). The review
included patients up to 25 years of age who underwent allogeneic HSCT and had pre-HSCT
PFT results reported. The outcomes of interest were (1) prevalence of pre-HSCT PFT
abnormality, (2) development of BOS and (3) other patient-centered outcomes including
post-HSCT pulmonary complications, intensive care admissions, and mortality. A total of 30
articles were included. The definition of abnormal PFT results varied between studies, with

most using a threshold of 80% of the predicted value.

While few studies reported no pre-HSCT PFT abnormality, the majority reported a
significant proportion of participants with pre-HSCT PFT impairment (Supplement, Evidence
Table, PICO 1). Spirometry based assessment of pulmonary function was performed in all

studies. The prevalence of pre-HSCT abnormality detected was 4-41% for FEV, (0-13%
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reported severe abnormality), 10-31% for forced vital capacity (FVC), 5-20% for FEV/FVC,
and 3-28% for forced expiratory flow at 25-75% of FVC (FEF25-75%). While fewer studies
reported the results of pre-HSCT static lung volumes and tests of diffusion capacity,

abnormalities were commonly reported with a prevalence of 9-29% for total lung capacity

(TLC), and 3-100% for DLco.

Some studies reported patterns of abnormalities, either from spirometry, static lung volumes,
or both. The prevalence of a restrictive pattern ranged from 7-50%, obstructive pattern from
0-24%, and mixed pattern of 1-2%. In the studies that described respiratory symptoms, 90-

100% of patients reported no symptoms prior to transplant.

Eight studies reported pre-transplant PFT results in those who later developed BOS (6, 7, 20,
21, 22, 23, 24, 25). In seven studies, no association was reported between any pre-HSCT
spirometry parameter (FEV,, FEV|/FVC, or FEF25-75%) and development of BOS (6, 7, 20,
21, 22,23, 25). Jung et al., reported that the extent of drop in FEV, from pre-HSCT baseline
to that at the time of diagnosis of BOS was not associated with mortality (21). Three studies
examined outcomes other than BOS. One found no association between pre-HSCT PFT
results and subsequent development of any late-onset non-infectious pulmonary complication
(23). Another found no association between pre-HSCT PFT results and post-HSCT
obstructive lung disease with a poor prognosis (22). Finally, Srinivasan et al., reported that
each unit decrease in pre-HSCT FEF25-75% was associated with a threefold increased risk

of developing post-HSCT pulmonary complications (26).

Five studies examined pre-HSCT PFT results in relationship to patient-centered outcomes.

Pre-HSCT FEV, and FEV, /FVC were associated with respiratory failure leading to
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mechanical ventilation (27). Several pre-HSCT PFT parameters are associated with poorer
post-HSCT survival, specifically FEV, (26, 28), FVC (26), TLC (26), residual volume (26),
DLo (including after adjustment of alveolar volume) (29, 30), and restrictive lung disease

(26).

Certainty of Evidence: The panel’s confidence in the accuracy of the evidence regarding
pre-HSCT PFT was moderate. The wide variation in the prevalence of abnormalities across

studies reduced the panel’s confidence.

Benefits: Pre-HSCT PFT provides a baseline for measuring the drop in lung function post-
transplant. This is important because of the wide prevalence of pre-transplant PFT
abnormalities, most of which were among asymptomatic patients. Awareness of pre-
transplant PFT abnormalities may reduce unnecessary tests after transplant since, if pre-
HSCT baseline values are unknown, then a clinician must assume any post-HSCT
abnormality is new and investigate further with tests such as chest CT scan and BAL. In
addition, pre-transplant PFT abnormalities may be predictive of post-transplant mortality and
pulmonary complications. Identification of previously undiagnosed conditions such as asthma
permits therapeutic interventions, and the identification of PFT abnormalities may affect pre-

HSCT preparation including the selection of conditioning regimen agents and intensity.

Harms: PFT are non-invasive and generally painless tests. Compared to the aggregate time
and monetary costs of HSCT, those of pre-transplant PFT are negligible. Testing may require
an additional clinic or hospital visit, but often these can be obtained on the same day as other
evaluations. The potential for identifying unknown lung disease, inability to successfully

complete testing, as well as falsely abnormal results could cause parental or patient anxiety.
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Families are prepared for multiple pre-HSCT evaluations, however, and are aware of the risk

of post-HSCT pulmonary complications, so generally are not opposed to completing testing.

Other Considerations: As HSCT is performed in highly-resourced settings access to PFT
should not be an issue. In a recent multinational survey all respondents had access to these

tests (11).

Recommendation 1: We recommend pre-HSCT spirometry, static lung volumes, and DLco

for children who can perform them (strong recommendation, moderate certainty of evidence)

Justification: The panel concluded that clear evidence exists showing high rates of pre-
HSCT PFT abnormalities among children being scheduled for HSCT. History of respiratory
symptoms alone is not a predictor of PFT abnormality and cannot be used to identify which
children need pre-HSCT PFT. Pre-HSCT PFT data are essential to appropriately interpret
post-HSCT PFT data. In the panel’s opinion, most families would not see the pre-HSCT PFT

as an added inconvenience and would value its role in the post HSCT screening for BOS.

Subgroup Considerations: Younger children or those with developmental delay may be
unable to perform some or all the maneuvers required for PFT. Therefore, pre-HSCT results
may be less robust or useful in this subset of patients. Children awaiting HSCT may be
moderately to severely ill, and PFT results may be affected and not representative of the
patient’s true baseline when healthy. If the patient has a time-limited illness, such as a viral
respiratory infection, testing should be delayed until recovered, if possible, but this must be

balanced with the urgency of moving forward with HSCT. A small portion of patients
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requiring HSCT may have thoracic abnormalities and normative data may not be available.

For these patients, pre-transplant PFT still have value to monitor for changes over time.

Implementation: Having a technologist who is experienced in pediatric PFT will help ensure
the best results. As many as 20-30% of children may be unable to successfully complete
spirometry on the first attempt (31). It is important to make sure results obtained are
representative of the patient’s best effort and are technically acceptable. If the baseline
spirometry results are suggestive of obstruction, post-bronchodilator testing should be

considered on a case-by-case basis.

It is important to use the most appropriate reference normative dataset for interpretation of
PFT, and for pediatrics that is the Global Lung Initiative (GLI). Further, as per a recent ATS
statement, race-specific normative equations should not be used (32). Because absolute and
predicted PFT values change as children grow older, spirometry measurements must be
evaluated using the percent of predicted values at the time of measurement. It may be
difficult for children to perform a battery of tests. If only one PFT maneuver can be done

prior to transplant, spirometry is the single test most supported by literature.

Where pre-HSCT pulmonary function impairment is identified, an evaluation to identify the
cause should be undertaken, with treatment as appropriate. This may necessitate the
involvement of pediatric pulmonology and further investigation; however this should not be
an issue given previous work demonstrating HSCT centers have access to these resources
(11). The pre-HSCT PFT result should then serve as the baseline for interpretation of post-

transplant change.
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Areas for Future Research: Priority areas for future research include further
characterization of the associations between pre-HSCT PFT impairment and outcomes,
especially among different subgroups. Investigation of altering or customizing pre-transplant
conditioning regimens based on pre-HSCT PFT results is another area where data are needed.
Continued efforts to develop alternate PFT techniques that are easier to perform for younger
children and/or those with developmental delay will allow these children to benefit from pre-
HSCT assessment of respiratory function.

Question 2: Should routine surveillance spirometry be performed post-allogeneic HSCT
in pediatric patients?

Background: The early phases of BOS and other pulmonary complications of HSCT are
often asymptomatic. Therefore, surveillance PFT has been proposed to allow earlier detection
and treatment. Although highly effective therapies are not yet available for post-HSCT BOS,
it is hoped that early intervention may help arrest decline in lung function and lead to
improved outcomes (33, 34). While all current pediatric guidelines recommend PFT
surveillance, the recommended frequency ranges from every 3 months to annually in the first
year post-HSCT, and individual guidelines each recommend different combinations of tests
(8,9, 10). As a result, there is a need to determine the optimal frequency and which tests to

use for post-HSCT surveillance in children.

Evidence base: The systematic review that the committee used to inform their
recommendation is being published separately (19), with only salient findings summarized
here. The review identified 21 articles that addressed this question. Of these, 11 studies
reported populations in which surveillance occurred and 10 studies reported outcomes when

no surveillance was performed.
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The 11 articles that included routine surveillance PFT pre- and post- HSCT included
institutions in the United States, Canada, Europe, and South Korea, spanning a timeframe
from the mid 1980s to the present. PFT consisted of spirometry, measurement of static lung
volumes and diffusing capacity in 9 of the 11 studies, with the rest focusing solely on
spirometry. All studies used pre-transplant PFT results as the baseline. Frequency of testing
post-transplant ranged from at least one test within months 1 to 6 post-HSCT in the oldest
study (35), to scheduled testing every 3 months (27, 36). Three studies followed pulmonary
function through 24 months post-HSCT and 2 reported annual PFT beyond the first year.
Together these 11 studies highlight several important insights into post-HSCT pulmonary
complications. Most of the studies reported a median time to diagnosis of 6-12 months. Two
studies reported that surveillance PFT identified asymptomatic children with BOS (7, 20).
Mean percent predicted FEV| ranged from 37.8-84.4% (21, 22) at time of diagnosis by

surveillance PFT. PFT abnormalities were more common in children with cGvHD elsewhere.

Ten articles were published between 1994 and 2021, involving participants who did not have
surveillance PFT in the first 12 months post-HSCT and then were either tested at symptom
onset or at some point thereafter. Most of the studies report a median time to BOS diagnosis
of 6-24 months. The mean percent predicted FEV, at diagnosis was between 44 — 57% (24,
37), with one study reporting a mean FEV, z score of -3.62 (38). Several studies also
highlight pulmonary function can continue to be impaired and decline for many years post-
HSCT (39, 40, 41). For example, L’Excellent et al., reported continued decline in lung
function in 16 patients between 5 and 10 years post-HSCT, including in asymptomatic

patients (41).
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Certainty of evidence: The panel’s confidence in the accuracy of the evidence for this
question was low as all relevant studies were retrospective in nature, a lack of data on critical
outcomes including hospitalization and mortality, and variation in the definition of BOS

across studies.

Benefits: The primary benefit of surveillance lung function is earlier detection of pulmonary
complications including BOS. Surveillance was associated with a median time to detection of
6-12 months, whereas testing of symptomatic children resulted in a median time to detection
of 6-24 months. Furthermore, in two studies there were a small number of children with BOS
identified via surveillance PFT who were asymptomatic (7, 20). The benefits of using a
comprehensive panel of PFT including spirometry, static lung volumes, and DL¢ are
highlighted by Kaya et al., demonstrating that TLC and DL were the best predictors of

BOS severity as measured by the development of respiratory failure (27).

Harms: Potential harms include anxiety for children and families regarding testing and test
results and added burden to families generated by additional appointments for PFT. However,
given the frequency of hospital visits and screening tests performed for other post-HSCT
complications, these harms are viewed as being relatively small. Additional potential harms

may result from subsequent testing and treatments that follow false positive test results.

Other Considerations: The panel felt that relative to the cost of HSCT and especially post-

HSCT BOS, the cost of surveillance PFT was minimal.
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Recommendation 2a: We suggest active surveillance rather than testing only symptomatic
patients using spirometry and where feasible, static lung volumes and DL beginning at 3

months post-HSCT (conditional recommendation, low certainty of evidence).

Recommendation 2b: We suggest spirometry and where feasible static lung volumes and
DL o, be performed every 3 months in the first year post-HSCT and every 3 to 6 months in
the second year post-HSCT in patients not at high risk of BOS (conditional recommendation,
low certainty of evidence; Table 2).

Comment: More frequent testing may be indicated in those at high risk of pulmonary

complications or with cGvHD in other organs.

Recommendation 2c¢: For long-term follow-up in asymptomatic patients, we suggest
surveillance using spirometry and where feasible, static lung volumes and DL every 6
months, between 2 and 3 years post-HSCT and yearly after 3 years lasting until 10 years
post-HSCT (conditional recommendation, low certainty of evidence).

Comment: In patients with ongoing symptoms, more frequent (3-6 monthly) spirometry may

be necessary until stability in lung function testing has been demonstrated.

Justification: The panel concluded that the available literature supported the use of
surveillance PFT, albeit with a low certainty of evidence. The recommendation to begin
testing at three months post-HSCT and continue at three monthly intervals for the first year is
based on data showing this is the most likely time that BOS is detected (22, 35, 36). As BOS
can arise in the second year post-HSCT, testing at 3- to6-monthly intervals is recommended.
It should be noted that the suggested testing frequency is based on the consensus expert

opinion of the panel, as there is a lack of evidence to support an optimal frequency. Given
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BOS is more common in children with cGvHD in other organs, the panel concluded that it
was reasonable to consider more frequent testing in these children, but that the frequency of
testing should be determined by the treating team on a case-by-case basis. Beyond 2 years
post-HSCT the need for ongoing monitoring of PFT is supported by data showing that
pulmonary complications and pulmonary function deficits still occur. Given that pulmonary
function decline is more common in those with cGvHD or a history of pulmonary

complications, increased frequency of testing can be considered in these cases (39, 41).

Subgroup Considerations: A major limitation of post-HSCT PFT surveillance is the
inability of many children to complete the testing. This includes most children under 6 years
of age (42), children with developmental delay, and those who are too unwell to perform the
test. For this population, other modalities like MBW (discussed in question 3) may be an
alternative. Some children may be able to perform spirometry with serial/repeated testing.

Hence an inability to perform PFT on first attempt should not preclude further attempts.

Implementation: The panel identified that implementation challenges may include creating
appropriate working relationships between HSCT and pulmonology teams to ensure that PFT
laboratories have appropriate capacity to perform the tests, the tests are appropriately
reported and used to inform clinical management. As in Question 1, the panel supported the
use of the non-race based GLI reference dataset. Another challenge for implementation is
when an abnormal result on surveillance testing should trigger further diagnostic evaluation
(such as CT scan, bronchoscopy etc). The expert opinion of the panel was that any pulmonary
function impairment should be persistent for at least 2 weeks, before further testing should be

pursued. In cases where there is significant acute decline, and/or the clinical team decided it
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would be unsafe to wait 2 weeks to undertake further evaluation, it is very reasonable to

pursue further investigation earlier.

Areas for Future Research: Most studies identified for this question were single center
retrospective studies. There is a need for large, multi-center prospective studies that can
assess the impact of different surveillance strategies on relevant outcomes. Within these
studies, it would be ideal to identify high-risk patients who would benefit from higher
frequency surveillance, and low-risk patients who could have less frequent surveillance.
Question 3: In pediatric patients who have had allogeneic HSCT, should the routine
surveillance of lung function be done using spirometry or a combination of MBW and
spirometry?

Background: MBW is a pulmonary function test with two main advantages compared to
conventional PFT for the detection of BOS post pediatric-HSCT. First, as an effort-
independent test performed during tidal breathing MBW is easier for the patient than
spirometry, potentially extending down to infants (43, 44, 45). Second, when compared to
spirometry, MBW is more sensitive to changes in the peripheral airways (46, 47), which is
where BOS develops (48, 49). The lung clearance index (LCI) is the primary outcome
measure generated using MBW (46), and normative reference equations have been published
(50, 51). Theoretically, MBW may be able to provide superior feasibility and sensitivity than
spirometry-based screening. However, it is unclear if there are sufficient data to support its

use in clinical practice.

Evidence base: From the search that was performed for questions 1-3, five studies were
included for this question. There are additional abstracts on this topic and one scoping review
that were acknowledged by the review team, but these were not formally used in the evidence

synthesis (52, 53, 54, 55, 56). Of the five included studies, four were cross-sectional using N,

24

AJRCCM Articlesin Press. Published June 18, 2024 as 10.1164/rccm.202406-1117ST
Copyright © 2024 by the American Thoracic Society



Page 22 of 98

as a tracer gas (25, 57, 58, 59) and one was a longitudinal design using SF¢ (12). One
included study looked at adult survivors of pediatric cancer of whom only a fraction had

undergone HSCT (25).

Overall, the feasibility of MBW was very good. MBW and spirometry were compared in one
study where MBW was attempted and successful in all children (n=26, 100%) in contrast to
spirometry, which was attempted by 22 participants (not attempted in 4 children under 6
years) and successful in 17 (77%) (59). Two additional studies (57, 58) reported 91% and
89% success in performing MBW studies, respectively but spirometry success was not
reported, and one study did not include preschoolers (58). Preschool aged children were

included in the two remaining studies (12, 25), but feasibility was not reported.

Baseline (i.e., pre-HSCT) MBW data were described in only one small study with almost half
(48%, n=11/23) of the participants showing an abnormal LCI at baseline (12). As a
comparison, within this cohort, baseline FEV, and DLco were abnormal in 13% and 70%,

respectively.

The prevalence of abnormal MBW indices post-HSCT varies between studies. In the two
cross-sectional studies where this was reported, LCI was abnormal in 34% and 46% of post-
HSCT patients (57, 59). Alternate MBW outcomes, including S,.;, and Sco,q were only
assessed in the study by Uhlving et al., (57) and were abnormal in 25% and 52% of
participants respectively. Additional data from adult studies (60, 61) and unpublished abstract
data (52, 54) not formally included in this review also showed variable, but significant

proportions of people after HSCT with abnormal MBW indices.
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Sensitivity and specificity were reported in two papers. In a cross-sectional study of 26
children assessed 90 days to 5 years after HSCT, Rayment et al., reported a significantly
higher median LCI in those with a clinical history consistent with BOS compared to those
without (59). The investigators also reported that an LCI threshold of >9.0 provided the
highest sensitivity (100%) and specificity (90%) for the correct categorization of BOS, with a
threshold LCI of 7.1 (published upper limit of normal) resulting in a sensitivity of 100% and
specificity of 70%. In their longitudinal study of 28 children, Uhlving et al., reported similar
results using the published upper limit of normal as a threshold, with sensitivity of 100% and
specificity of 54% at the time of BOS diagnosis (12). Across other studies not formally
included in this review, abnormal MBW indices among BOS subjects was a consistent

finding (52, 53, 54, 55, 60, 61).

Longitudinal pediatric data have been described in only one included study by Uhlving et al.,
which followed 28 children (6 of whom developed BO or BOS) for one year after HSCT
(12). When all participants were analyzed, there was no significant change in median LCI
post-HSCT. There was no association between either the pre-HSCT LCI, or the 3 months
post-HSCT LCI and the development of BOS (OR 5.1; 95% CI 0.5-56.9). All of the
participants with BOS had elevated post-HSCT LCI, but of note in the four participants with
pre-HSCT LCI results reported two had baseline abnormality. The trajectory of LCI in the
BOS population was not reported in this study. Data published in abstract form suggest that
the longitudinal trajectory of MBW may be predictive of pulmonary cGvHD, but these data

have not been confirmed in peer reviewed articles (53, 54).
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Certainty of Evidence: The panel concluded that the certainty of the evidence is low. The
included studies were small, single-center studies with risk of selection bias. Additionally,

different testing methods were used and different thresholds for abnormal were applied.

Benefits: These data support the hypothesis that that the primary benefit of MBW is
increased feasibility compared to spirometry, allowing a greater proportion of children to
have pulmonary function surveillance. While MBW may be believed to be more sensitive to

detect early BOS, data to support this are less clear.

Harms: The panel identified three potential risks. First, clinicians should consider the
additional time needed to perform the tests, especially in older children who can perform
spirometry in whom the additional benefit of MBW is unclear. Second, there is a risk that
centers naive to the technique may try to implement it without adequate expertise, which
could result in incorrect or uninterpretable results. This is a particular risk if clinicians begin
to base assessments on MBW results alone, which is not recommended in this guideline.
Finally, since the specificity of LCI is unknown in this context, it is possible that false
positive results could induce more invasive testing, potentially resulting in patient discomfort

or harm.

Other Considerations: The panel identified that that the availability of MBW, both in terms
of equipment and expertise in terms of performing and interpreting the test, was a primary
consideration. Technical ATS consensus recommendations have been published, which can

aid centers in ensuring testing is done with appropriate quality control (62, 63).
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Recommendation 3a: At centers with adequate technical expertise to perform MBW, we
suggest including MBW and spirometry as part of a pre-HSCT assessment of pulmonary
function, or MBW alone if spirometry is not feasible (conditional recommendation, low

certainty of evidence).

Recommendation 3b: At centers with adequate technical expertise to perform MBW, we
suggest the use of post-HSCT MBW as part of the diagnostic evaluation of suspected BOS,
either as a complementary tool to spirometry or alone if spirometry is not

feasible (conditional recommendation, very low certainty of evidence).

Justification: The panel based their recommendations on the available evidence, risks, and
benefits. The greatest potential benefit is in children in whom spirometry is not feasible.
Further, the panel concluded it was important to emphasize the recommendations that MBW
should only be implemented at sites with adequate technical expertise to perform the test
reliably. Finally, MBW should be regarded as an adjunct test, and we do not suggest making

or excluding diagnoses exclusively based on its results.

Implementation: As already discussed, the primary consideration is the availability of MBW
equipment and expertise. The panel recommends centers seeking to develop this capacity to

follow published guidelines on MBW in children (62, 63).

Areas for Future Research: Further research is needed to determine how MBW should be
implemented into the clinical care of this vulnerable population. Specific questions should

focus on the population in which MBW should be performed routinely, the frequency with
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which screening should be performed, and the role of MBW in monitoring disease
progression or response to therapy.

Question 4: Should pediatric patients post-allogeneic HSCT who have abnormal
surveillance lung function assessment be investigated with a chest CT scan?
Background: Further investigations are needed to confirm or rule out the diagnosis in
children post-HSCT with a suspicion of BOS based on either surveillance PFT or clinical
signs and symptoms. Criteria for the diagnosis of BOS in adults highlight the role of chest CT
scans to look for expiratory air trapping (a feature of BOS) as well as evaluating for alternate

diagnoses (such as infection) (15). The role of CT scans in evaluation of suspected post-

HSCT BOS in children is less clear.

Evidence Base: We identified 14 relevant articles, 12 of which described findings in patients

with known or suspected BOS and two evaluating the utility of chest CT scans prior to

HSCT.

A study of 137 pediatric patients demonstrated that chest CT abnormalities were highly
prevalent pre-HSCT (55%) and frequently considered clinically significant (13%) (64). A
study of 390 predominantly adult patients who underwent both a chest CT scan and PFT prior
to HSCT found that a normal chest CT was significantly associated with normal PFT (OR

2.46, p 0.012) (65).

Most studies show that post-HSCT CT scans correlate with pulmonary function test results.
Specifically, air trapping (66), low mean lung density (67, 68), and the percentage of lung
with low attenuation (38) all correlate with obstructive PFT results characteristic of BOS.

Other chest CT abnormalities, such as bronchial dilatation and bronchial wall thickening did
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not correlate with PFT results (25, 37, 38, 66, 69). One study of 34 children and adults
compared CT and lung biopsy results and found no significant difference between the
proportion of patients with air trapping or mosaic attenuation in the group with BOS
compared to the group without BOS (55% vs 78.6%, P = 0.28) (70). This paper did not
describe CT technique, and the authors comment in the discussion section that CT protocols
had evolved over the study period making systematic evaluation difficult. There were no

studies evaluating CT results and morbidity or mortality.

Certainty of Evidence: The panel concluded the certainty of evidence is very low due to the
studies predominantly being small and single center, the lack of assessment of patient related

outcomes, and variability in CT technique used.

Benefits: The panel felt that a chest CT scan is a non-invasive, accessible way to assess the
entire lung parenchyma in patients in whom BOS is suspected. Moreover, chest CT can
assess for other pathologies in addition to assessing for BOS. Evidence shows that chest CT
measures of air trapping correlate well with other markers of BOS. Importantly, chest CT

may offer the only method to diagnose BOS in patients who cannot perform PFT.

Harms: CT results in radiation exposure to patients. Judicious use of diagnostic radiation is
particularly important in pediatric patients and should always adhere to the “as low as
reasonably achievable” principle (71). Some younger children may require general anesthesia
(GA) for a chest CT scan. Patients frequently undergo other procedures that require GA, such
as a bone marrow aspirate, central line placement or bronchoalveolar lavage. Ideally, such

procedures could occur under the same GA, minimizing additional risk.
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Other Considerations: In general, parents, patients and clinicians are accepting of chest CT
scan as it can be reasonably expected to provide useful new information. While CT is
universally available at HSCT centers, expiratory CT images are necessary to fully evaluate
air trapping, and this necessitates additional technical expertise in image acquisition as well

as additional radiation exposure to children.

Recommendation 4a: We suggest performing a chest CT scan, with inspiratory and
expiratory views, in all children prior to allogeneic HSCT (conditional recommendation, low
certainty of evidence).

Comment: In situations where the clinical team identifies a low risk of pre-existing lung
disease, it is reasonable to not perform a pre-HSCT CT scan. Additionally, a pre-HSCT CT
scan does not need to be performed in patients with an ionizing-radiation sensitive condition

(i.e., Fanconi anemia).

Recommendation 4b: We suggest performing a chest CT scan with inspiratory and
expiratory views, in all children post-allogeneic HSCT who develop obstructive lung
function or in those children with clinical suspicion of bronchiolitis obliterans syndrome

(conditional recommendation, low certainty of evidence).

Justification: The potential benefits of CT, including assessment of lung parenchyma with a
relatively inexpensive, non-invasive test outweighs the risks associated with radiation. Risks
of chest CT are reduced with current protocols using lower radiation doses and, where
necessary, coordinating chest CT with other procedures requiring GA. Prior to HSCT, chest
CT can lead to change in management and provide a baseline that may be useful for

comparison with subsequent CT scans. For those who cannot complete PFT, a normal pre-
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HSCT CT scan provides an assessment of baseline pulmonary status. Amongst the panel,
there was debate regarding whether a pre-HSCT chest CT scan was required for all children,
or whether it could be omitted for those at low risk of pre-morbid lung disease. Some panel
members concluded that low risk patients could be identified, whereas others concluded that
the signs and symptoms of pulmonary disease in children can be non-specific and highly
prevalent. As a result, the comment was added to recommendation 4a to support clinical
teams who assess their patient as low risk. In cases of suspected BOS post-HSCT, chest CT
provides additional information to PFT. Since findings on a chest CT scan can be non-
specific, results are best interpreted in conjunction with clinical findings and PFT data (when
available). Additionally, there was debate regarding whether a CT scan should be performed
after one abnormal PFT result, or whether PFT abnormality should be present on repeated
testing. Where there is a possible alternate explanation for the PFT abnormality (i.e.,
intercurrent viral infection, concern regarding patient technique) the panel thought it was
reasonable to repeat PFT, at a time interval determined by the clinical team but at least 2

weeks, and only proceed with chest CT if the PFT impairment persists.

Subgroup Considerations: Young patients who are unable to comply with breath-holding
instructions are likely to need GA for chest CT. In cases of suspected BOS following HSCT,
CT with GA is indicated given that alternatives include empiric treatment or more invasive
tests such as lung biopsy. However, scheduling of chest CT should ideally be coordinated
with other procedures under GA. Further, patients with ionizing radiation sensitive conditions
(i.e., Fanconi anemia) may undergo HSCT, however are at risk of iatrogenic harm from CT
scans. Clinicians must take this into account when caring for these patients and avoid

ionizing radiation where possible.
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Implementation: A primary concern of the panel was that CT scans are performed with the
appropriate technique. The technique used in the included papers was variable between and
even within studies (70). The optimal technique for CT scans to assess BOS is debatable. The
panel concluded that the best technique was a volumetric acquisition of the entire chest in
both inspiration and expiration (detailed in Table 3). Lastly, when scans need to be performed
with GA, it is important to have close collaboration between radiology and anesthesia to

minimize derecruitment artefact.

Areas for Future Research: Future research priorities include further studies of the role and
optimal technique for quantitative CT in children. There are preliminary data regarding the
use of quantitative assessment of CT images (38, 67, 68, 72), however these techniques are
not validated. There may be a role for magnetic resonance imaging in BOS evaluation in the
future (73), which would be especially beneficial for children with ionizing radiation
sensitive conditions, although current use is limited by several factors including cost,
availability, and the need for GA.

Question 5: Should pediatric patients post-allogeneic HSCT who have abnormal
surveillance lung function assessment be investigated with a BAL/bronchoscopy?
Background: The adult-focused NIH consensus criteria for BOS suggests that evaluation for
BOS includes demonstrating an absence of infection in the respiratory tract, documented with
investigations directed by clinical symptoms including microbiologic cultures (15). Infectious
complications in children after HSCT have a high mortality, and diagnosis leads to changes
in treatment with effects on morbidity and overall survival. There is a lack of consensus on
the best method to assess infection in the lower respiratory tract. Traditionally, flexible
bronchoscopy with BAL is commonly used to investigate pulmonary infiltrates following

allogeneic HSCT, but its role in the evaluation of BOS is unclear.
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Evidence Base: No studies describe a decline in lung function or evaluation of BOS as the
indication for bronchoscopy with BAL following HSCT. However, there are six pediatric
studies (74, 75, 76, 77, 78, 79) and seven studies with mixed pediatric and adult patient
populations (80, 81, 82, 83, 84, 85, 86) that are relevant to the role of bronchoscopy with
BAL in the pediatric HSCT population (summarized in Table 4). These are all retrospective
single-center studies that report results of bronchoscopy with BAL performed to evaluate
infiltrates on imaging or the presence of respiratory symptoms. Including only the pediatric
studies, most data is from the 1990s or earlier. These six studies capture the full pediatric age
range from infancy to age 20 years. Bronchoscopy with BAL occurred from <I month to 4
years after transplant. Therefore, some of the studies include data from bronchoscopy with
BAL prior to the possible development of BOS. There is a wide range in yields (31-68%) of
bronchoscopy with BAL reported in these studies, predominantly relating to pathogen
infection, however identification of other pathologies such as diffuse alveolar hemorrhage is

also described.

Among the additional studies of mixed pediatric and adult populations, the range in yield
from bronchoscopy with BAL was 42-66%. These studies are also retrospective single center
studies in which the indications for bronchoscopy with BAL were respiratory symptoms or
imaging findings. Again, neither lung function decline nor evaluation for BOS are included

as indications for bronchoscopy with BAL.

An additional paper by Yanik et al., (87) is directly relevant to the role of bronchoscopy with
BAL in the evaluation for BOS. The study involved 34 post-HSCT subjects, aged 8-65 years,

with PFT impairment who were treated with etanercept. A total of 57 subjects were initially
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evaluated for study participation and underwent pre-treatment bronchoscopy with BAL. Of
these, 20 had positive BAL findings (13 with fungus, 5 with gram negative bacteria, 3 with
mycobacteria). None had any signs or symptoms of infection. Following antimicrobial
therapy, three subjects died within two months, while 12 had further progression of their PFT
abnormalities, and five subjects had improvement in their PFT. This study demonstrates that
asymptomatic infection, including fungal infection, can occur in this population. However,
despite treatment of infection, the majority will continue to have PFT decline, demonstrating

the coexistence of infection with BOS.

There are data from adult studies suggesting that the timing of bronchoscopy with BAL may
be associated with yield. Shannon et al., reviewed adult patients who underwent
bronchoscopy with BAL for new infiltrates within 100 days post-HSCT (88). The yield from
bronchoscopy with BAL from 598 BALs in 501 patients was 55%. This yield was 2.5 times
higher if bronchoscopy with BAL was performed in the first 4 days following initial
evaluation and 75% if within 24 hours. These data suggest the timing of bronchoscopy with

BAL will also be important in pediatric HSCT patents undergoing evaluation for BOS.

There are few data on the sensitivity and specificity of findings from bronchoscopy with BAL
in this population. This would require concordance between BAL findings and biopsy, or
autopsy results and few studies include large enough groups of patients with pathology
findings. One small pediatric study describes pathology and bronchoscopy with BAL results
in 14 of 27 patients (77). In this study, the yield from bronchoscopy with BAL was 52%. The
sensitivity of bronchoscopy with BAL was 75% (two false negative BALs) and specificity

was 100% (no false positive BALs).
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Certainty of Evidence: The certainty of evidence to support the role of bronchoscopy with
BAL in the evaluation of BOS is very low. All studies offer indirect evidence that
bronchoscopy with BAL can be useful in identifying infection in pediatric HSCT patients
with symptoms or infiltrates. In this population, the yield from bronchoscopy with BAL can
be high with a wide range. Additionally, reported yields from bronchoscopy with BAL may
be limited due to the timing of the procedure post-HSCT, the use of empiric antimicrobials,
and limitations of microbiologic testing. Many of the included studies pre-date the use of
polymerase chain reaction testing to identify microbial pathogens. Moreover, a common
pathogen reported in several studies is cytomegalovirus for which HSCT patients now receive
antiviral prophylaxis. There are no studies that describe bronchoscopy with BAL as part of
the evaluation of BOS in children and none of the reviewed studies describe BOS outcomes

in their study populations other than three patients in two studies.

Benefit: Most diagnoses made by bronchoscopy with BAL are infection-related, frequently
leading to change in clinical management. In addition, occult infection can occur in
asymptomatic patients with PFT changes being evaluated for BOS, supporting the use of

bronchoscopy with BAL to identify infection in this population (87).

Harms: Potential harm associated with a recommendation to perform bronchoscopy with
BAL in this population is the potential for increased anxiety among patients and their family
members who are confronting an additional invasive procedure and need for sedation. There
is also the potential harm from a possible delay in diagnosing and treating BOS caused by
organizing and performing a bronchoscopy with BAL and then awaiting results and possibly
initiating antimicrobial therapy, though there are no data to support this possibility. In

addition, there is the risk of complications associated with bronchoscopy with BAL. Most of
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the studies included in this review describe only minor or transient complications. A single
pediatric study describes an instance of pulmonary hemorrhage following bronchoscopy with
BAL with resultant respiratory failure (74), and additional studies describe very small
numbers of patients who experience respiratory distress, failure, or arrest (total of 7 patients)
(76, 77). In these cases, the complications were not felt to be directly attributable to
bronchoscopy and similar complications may have occurred following more invasive
procedures such as lung biopsy. A study of 42 pediatric and adult patients with
thrombocytopenia following HSCT reported a 12% complication rate with bronchoscopy
with BAL (89). All complications were minor and self-limited except one (severe life-
threatening epistaxis). An additional pediatric study evaluated the safety of bronchoscopy
with BAL in HSCT patients compared to patients with pneumonia (90). The HSCT group
experienced a complication rate of 66.7% compared to 22.5% in the pneumonia group.
Complications in the HSCT group included mucosal bleeding (12) and transient fever (6),
hypoxemia (5), tracheospasm (4), epistaxis (3), and respiratory depression (3). There were no
cases of pneumothorax, intubation, mechanical ventilation, or death following bronchoscopy

with BAL.

Other Considerations: Resources and cost of bronchoscopy with BAL were not evaluated.
A recommendation to perform bronchoscopy with BAL is equitable as most centers that

perform HSCT have access to specialists who can perform the test (11).

Recommendation 5: We suggest bronchoscopy with BAL be performed to assess for
infection as part of the BOS evaluation (conditional recommendation, very low certainty of

evidence).
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Comment #1: If PFT result is unreliable due to technique, it is reasonable to repeat the test in
1-2 weeks and then only perform the bronchoscopy if the suspicion of BOS persists.

Comment #2: Where an infection has been diagnosed via a less invasive method (i.e.,
nasopharyngeal swab, sputum), it is reasonable to delay the bronchoscopy while treating the
infection/waiting for the infection to resolve, and then only perform the bronchoscopy if the

clinical suspicion of BOS persists.

Justification: The justification for the recommendation is summarized in Table 5. Several
studies in both children and mixed populations of children and adults show a relatively high
yield of BAL, mainly in diagnosing infection. In addition, several studies suggest that the risk
of bronchoscopy with BAL is limited with mainly minor and transient complications. The
study by Yanik et al., reveals that occult infection can occur following HSCT in patients with
PFT impairment, and that infection and BOS can coexist. (87). Therefore, this paper supports
the evaluation of infection in a population undergoing evaluation for BOS regardless of

symptoms.

Implementation: Existing data suggests that bronchoscopy with BAL is readily available at
HSCT centers (11). The panel were concerned about the ability to organize bronchoscopy
with BAL in a timely manner, especially given the association of higher yield with earlier

BAL in studies in adults (88).

Research priorities: Due to the paucity of direct evidence, we also recommend that
investigators report data that will expand our knowledge in this area. An area of research

priority is the number of patients who fail to meet NIH criteria for BOS due to infection
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based on results of bronchoscopy with BAL. In addition, patient outcomes following
antimicrobial therapy is of high importance.

Question 6: In allogeneic HSCT pediatric patients with suspected BO, should lung
biopsy be used to diagnose BO?

Background: The 2014 NIH Consensus Conference provided an update for histopathologic
diagnostic criteria for organs affected by GvHD (91) . The document stated specific
pathologic criteria for cGVHD, with constrictive bronchiolitis obliterans (CBO) as the
pulmonary correlate in the lung. CBO is defined by dense eosinophilic scarring beneath the
respiratory epithelium, resulting in luminal narrowing or complete fibrous obliteration. This
may be preceded by lymphocytic bronchiolitis (LB). The pathology causes pulmonary
dysfunction in the form of irreversible obstructive airways disease, air-trapping, and
decreased diffusion capacity, along with symptoms such as progressive shortness of breath
and cough. The document further states that open lung biopsy may be considered if the
characteristic PFT and CT findings of BOS are not accompanied by a distinctive clinical
manifestation, or if alternative diagnoses are being evaluated (including infection). However,
biopsy can be problematic. There are risks associated with a surgical procedure in this
vulnerable population. A lung biopsy captures only one moment and can miss findings that
become clearer with disease progression. Additionally, lung biopsy results may be unclear if
prior immunosuppression has been used, or if multiple processes co-occur. The location,

quality, and processing of the sample may complicate findings as well.

Evidence Base: We screened 1846 abstracts. Of these, 26 full text articles were selected for
final analysis for the current question. Review of the published literature yielded 6 articles
that described biopsy in pediatric patients following allogeneic HSCT. Seven other studies

were reviewed for supportive evidence, 1 for safety, 1 for cost. No studies directly address
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PICO question 6; most of the studies included were evaluation of the select few who had lung
biopsies performed and had clinical data collected retrospectively. We considered studies that
had mixed populations (adult and pediatric patients), as well as those that included biopsies

performed for other indications besides BOS.

The 6 studies that described biopsy in pediatric patients post-allogeneic HSCT were
descriptive studies of cohorts of patients who had lung biopsy or lung pathology available,
with a retrospective collection of patient characteristics that could be associated with the
occurrence of BO. All 6 studies were published in the last 15 years. Some of the studies
attempted to correlate the NIH clinical criteria for BOS with the pathologic diagnosis of BO.
One study correlating PFT and biopsy data evaluated the fulfillment of the modified NIH
criteria for BOS at time of biopsy and found that only 11 out of 21 (52%) patients with BO
had fulfilled the modified NIH criteria (70). Additionally, Holbro et al., reported that 6/25
(24%) of cases of biopsy proven BO, had simultaneous evidence of infection on biopsy (92).
This suggests that if BO is suspected, but clinical criteria are not met, a biopsy could be
useful to confirm BO or obtain an alternative/co-existing diagnosis. Holbro et al., also
evaluated histology patterns and the outcome of patients with BOS and found that 7 out of 10
patients with CBO met NIH criteria, while 3 out of 9 patients with LB met criteria (92).
Pulmonary function was better over the follow-up period in the LB group compared to the
CBO cohort. Considering that LB could be a precursor to CBO, the results may suggest that
early detection and treatment might be beneficial. A third study from Denmark looked at 13
pediatric patients with confirmed BO, 9 of whom completed pulmonary function testing (93).

None of the 9 patients met the complete NIH clinical criteria for BOS.
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Certainty of evidence: The studies included provide an indirect answer to the PICO
question. Most of the studies included were studies of select patients who underwent lung
biopsies (for suspected BOS or other pulmonary complications) and had clinical data
evaluated/correlated retrospectively. This may contribute to only capturing patients with
more severe BOS as more mild cases may not have led to biopsy. In addition, included

studies use differing definitions of BOS. This contributes to a very low certainty of evidence.

Benefits: All of the studies were retrospective, reviewing patients who underwent lung
biopsy and were found to have BO or an alternative diagnosis. One study showed a better
prognosis with LB (92). Moreover, earlier diagnosis of BO permits earlier initiation of
therapy. Biopsy can also help determine alternative or co-existing diagnoses, in patients in
whom BO is suspected due to declining lung function. In discussion panel members also
highlighted that biopsy results, and in particular the presence of active inflammation vs.
fibrosis without inflammation, may inform the use of immune suppression. While data to
support this approach leading to improved patient outcomes is not available, panel members

still felt it was relevant given the potential harms of immune suppression.

Harms: There is a higher risk of complications from biopsy compared with diagnosis via
clinical/CT scan/pulmonary function testing. In a systematic review that included adults,
biopsy demonstrated a four-fold increased risk of death as compared to bronchoscopy with
BAL (94). In addition, there is increased morbidity and length of hospitalization (including
need for chest tube, recovery, and pain control) post-operatively immediately following
surgical lung biopsy (95). The consideration for surgery naturally leads to anxiety amongst
the patient and family members, especially in an individual whose lung function might

already be compromised. Lastly, as noted in one study, there is a much higher cost burden for
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patients who undergo lung biopsy (96). It should be noted these data are confounded by

current clinical practice where only the most unwell patients tend to have a lung biopsy.

Other considerations: Patients and families may value having a firm diagnosis (and
resultant ability to tailor treatment with potentially improved outcomes), and this must be
weighed against the risks of the procedure, especially if other NIH consensus criteria are met.
Most pediatric centers have access to a pediatric surgeon with expertise in surgical lung
biopsy (11). The panel also discussed the different methods for performing lung biopsy,
including open surgical biopsy, video-assisted thorascopic (VATS) biopsy, and
transbronchial biopsy via bronchoscopy. The panel strongly felt transbronchial biopsy was
inappropriate. The decision regarding VATS vs. open surgical biopsy is more dependent on
specific characteristics of each case and a decision should be based on multidisciplinary
input. In general, the approach that maximizes the chance of obtaining appropriate tissue for

diagnostic evaluation, while minimizing morbidity, should be chosen.

Recommendation 6: We suggest surgical lung biopsy in pediatric post-HSCT patients where
BOS is suspected, but uncertainty regarding the diagnosis exists and the risks of biopsy are
smaller than the risks of the uncertainty. (conditional recommendation, low certainty of
evidence).

Comment: Uncertainty regarding the diagnosis exists when: A) clinical evidence (clinical
background/CT scan/pulmonary function testing) is discordant; B) there is no alternate way

to make the diagnosis, C) there is concern for an alternate/co-existing condition.

Justification: A diagnosis of BOS can be made without a lung biopsy in some cases, but

retrospective case series highlight cases of biopsy-proven BO which do not meet criteria for
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BOS based on other tests (6, 70, 92, 93, 97, 98). As such, there are situations where clinicians
may suspect BOS or an alternate pathology, and a biopsy is the only way to make a firm
diagnosis. In this situation, clinicians must weigh the harms and benefits of biopsy, as
opposed to managing the patient empirically without a biopsy. The benefits and harms of
biopsy are detailed above. The potential harms of empiric management include not using a
potentially beneficial treatment, iatrogenic harm from unhelpful treatments, and lack of

clarity regarding prognosis.

Implementation: Access to surgical lung biopsy should not be an issue based on previous
reports (11). There is a need for expertise in processing of surgical lung biopsy specimens
and pathologist expertise in biopsy interpretation. This may not be as widely available and
may need centers to collaborate with centers of expertise (as is done in other areas such as

childhood interstitial lung disease).

Research priorities: Data to date are limited to a small number of patients. There are ethical
and size challenges when considering evaluating the benefits of biopsy in a randomized
prospective trial. A multi-center or even international prospective registry of lung biopsy post
childhood-HSCT with standardized metadata collection may represent the most pragmatic
way to generate data regarding the utility of biopsy in this setting. Further, novel imaging

techniques or diagnostic biomarkers may obviate the need for lung biopsy in the future.

Proposed criteria for diagnosis of BOS post pediatric HSCT

During review of the available evidence, the panel identified that the current criteria for
diagnosis of post-HSCT BOS in children have several limitations, which include a reliance

on spirometry, use of outdated PFT reference equations, use of a fixed FEV threshold,
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requirement for the absence of infection, and omission of tests such as MBW. Further, as
described in PICO 6, many children with biopsy proven BO, do not fulfill the current criteria
for diagnosis. The panel has described these limitations in detail in a separate publication

(99).

As a result, the panel utilized a modified Delphi process to develop new criteria for diagnosis
of post-HSCT BOS in children. Further detail is provided in the supplement. A priori,
consensus was defined as greater than 70% participation in voting, and greater than 70%
agreement. Two sets of criteria were developed: one for children who can perform spirometry
and one for those who cannot. Initially a small working group developed a first draft of
criteria, then the entire panel provided feedback on the draft criteria. The criteria were then
iteratively revised until consensus was achieved. The final criteria are shown in Table 6, with
100% consensus regarding the criteria for children who can perform spirometry, and 94.7%

of panel members agreeing with the criteria for children who cannot perform spirometry.

LIMITATIONS AND FUTURE DIRECTIONS

Despite the large number of children undergoing allogeneic HSCT each year, we were only
able to make one strong recommendation and most recommendations were weak or
conditional using the GRADE methodology to assess available evidence. This reflects the
published evidence in this field, which consists predominantly of retrospective, single center
studies. Given the prevalence and significant morbidity and mortality associated with post-
HSCT BOS, there is a need for better evidence to inform clinical practice. Multi-center
prospective, and possibly international, clinical trials that assess different surveillance
techniques and their ability to detect BOS earlier would be the ideal. These prospective
studies should use GLI race neutral reference datasets for PFT interpretation, which would

overcome another limitation of the current evidence which is the use of variable reference
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datasets. These prospective studies can also assess the performance of the newly proposed

criteria for BOS and likely lead to improvements in these criteria.

The published literature highlight that even when “gold-standard” screening with traditional
PFT and/or MBW is employed, significant pulmonary function impairment will have
occurred at the time BOS is detected. In order to diagnose BOS at earlier stages, one option
would be to employ the current tests with much more regular frequency (i.e., weekly). This
approach has been used in adult patients performing home spirometry (100, 101), but data
suggests is less feasible in children (59). Another approach is to identify pathobiology-based
biomarkers of BOS, which detect BOS prior to pulmonary function impairment. Such studies
could utilize excess bronchoalveolar lavage fluid, collected at the time of clinically indicated
procedures, to study soluble and cellular inflammatory mediators of BOS as both potential

diagnostic biomarkers and therapeutic targets.

Another limitation of the current evidence and the recommendations in this guideline is that
they take a “one size fits all” approach to surveillance for BOS. In reality, children
undergoing HSCT represent a heterogenous group in terms of indication for HSCT, pre-
HSCT respiratory morbidity, age, developmental stage and post-HSCT course, all of which
alter individual risk of BOS and ability to complete screening and diagnostic assessments.
Ideally, children would have a personalized surveillance plan, based on their risk profile,

which optimizes the ability to detect BOS while minimizing burden and risk.

This guideline has not addressed optimal treatment and support for children with BOS.

Additional pulmonary complications associated with significant morbidity and mortality are
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also not addressed. This limitation stems from the rigor of the GRADE methodology that

requires, per ATS policies, a focus to 6 key questions.

CONCLUSION

BOS is the most common non-infectious pulmonary complication post-HSCT and can have
devastating impact on children and families including prolonged hospital admissions, reduced
quality of life, need for supplemental oxygen, and death. This clinical practice guideline,
developed by an international and multidisciplinary committee will aid HSCT and
pulmonology teams in the surveillance and diagnosis of BOS in the post-HSCT pediatric
population. This is a crucial first step in addressing the current poor outcomes associated with
post-HSCT BOS. Future work should aim to define BOS incidence using the surveillance
strategy outlined, improve BOS surveillance focusing on multicenter studies to develop

strategies for earlier detection and a personalized approach to screening.

Editor’s Note
The ATS Quality Improvement and Implementation Committee reviewed the guideline and
determined that Recommendation 1 is potentially suitable for performance measure

development.
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Figure 1. Surveillance and diagnosis of BOS. *Some children may be unable to complete
PFT, in which case they can be omitted. MBW can be assessed in addition to spirometry
where available, or as an alternate to spirometry if spirometry is not feasible
(recommendation 3B) #A CT scan, with inspiratory and expiratory views, is recommended in
those with PFTs suggestive of BOS OR if there are persistent clinical signs and symptoms of
BOS with normal lung function(recommendation 4b). “We suggest a bronchoalveolar lavage
to assess for infection in all cases of suspected BOS, even if the CT scan is normal
(recommendation 5). If the CT scan is normal, it is reasonable to repeat PFTs 2 weeks after
the CT; those with complete resolution of symptoms/lung function impairment can return to
normal surveillance. If the bronchoalveolar lavage reveals infection, this should be treated
and clinical assessment should be repeated. Ongoing symptoms/signs or lung function,
impairment may signify BOS and the pathway should be followed. ~In cases where there is
uncertainty about the BOS diagnosis or suspicion of an alternate/co-existing condition, based

on the clinical presentation, a biopsy is suggested (recommendation 6).
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TABLES

Table 1: Implications of strength of recommendations to stakeholders

Stakeholder Strong recommendation

Patients Most individuals in this situation
would want the recommended
course of action and only a small
proportion would not.

Clinicians Most individuals should receive

the recommended course of

action.
Policy The recommendation can be
makers adapted as policy in most

situations including for the use as

performance indicators.

59

Conditional recommendation
The majority of individuals in this
situation would want the suggested

course of action, but many would not.

Recognize that different choices will be
appropriate for different patients, and
that you must help each patient arrive at
a management decision consistent with
her or his values and preferences.

Policy making will require substantial
debates and involvement of many
stakeholders. Policies are also more likely

to vary between regions.
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Table 2. Recommended frequency of PFT testing in children post-HSCT

Months post-HSCT Recommended PFT Frequency
0-12 months Every 3 months
13-24 months Every 3-6 months
25-36 months Every 6 months
37 months on Every 12 months
60
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Table 3. Recommendations for chest CT in children undergoing HSCT

Recommendations for Optimal CT Technique

- Volumetric imaging of the entire chest on both inspiration and expiration is preferred.

- Proactive patient preparation prior to the CT, ideally with experienced pediatric CT
technologists and child life specialists (where available) to optimize results

- Lowest possible radiation dose that still results appropriate quality images

- Strategies to reduce the radiation dose include:

o Suspending the automatic exposure control function on the CT scanner (which
provides optimal imagine of the soft tissue which is not needed in evaluation of
BOS, and increases radiation dose), instead applying a specific tube voltage (kV)
and current (mAs) according to patient size.

o Alow radiation dose (approximately one third of that required for the inspiratory
film) is needed to detect air trapping on the expiratory film.

o Using this approach, the overall dose is approximately 0.5 mSv which is equivalent
to 2 months of background radiation in the USA (NCRP160), although it will vary
depending on the CT scanner and patient size.

- Decisions about CT technique at individual institutions needs to factor in local resources,
including the capabilities of available CT scanner(s), availability of pediatric anesthetic

support, and experience of the CT technologists and interpreting radiologist(s).

Additional Considerations for Scans Under General Anesthesia

- In many centers general anesthesia is required for those less than 5 years to achieve
inspiratory/expiratory images, as well as those who are unable to comply with breath

holding instructions
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The addition of intravenous contrast may affect younger patients’ ability to comply with
breathing instructions) due to discomfort.

Communication between radiology and anesthesia prior to procedure is important.

Aim for optimal alveolar recruitment for inspiratory phase of scan

Assess for significant atelectasis prior to scan with scout film and 2-3 selected axial images
obtained in the mid to lower lung zones following recruitment maneuvers

Atelectasis can be reduced with further recruitment maneuvers.

In a small number of cases, optimal recruitment may require the prone position.
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Table 4. Summary of evidence regarding BAL in post-HSCT patients
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Study Study Age Total # BAL Timing of | BAL Yield
period range subjects BAL
Pediatric only studies
Armenian 1995-2003 | 7.9y 32 32 19 < 30d 50%
2007 (mean) 50 <100d
Ben-Ari 2001 | 1995-1999 | 40d - 63 86 89d (1- 31%
271m 1460d)
Eikenberry 1995-1999 | 0.2 - 90 >90 n/a 43% post
2005 20.8y 100d
Kasow 2007 | 1990-2002 | 0.8 - 89 89 68d (6- 67.9%
23.5y 528d for
allo)
McCubbin 1985-1990 | 1.7 - 27 29 Median 52%
1992 17.6y 60d (11-
1026d)
Qualter 2014 | ? 23- 65 101 Median 40%
14.9y 95d (for
allo)
Mixed adult pediatric studies
Cardonnier 1981-1983 | 8-45y 36 52 7 <15d; 50 or
1985 52%
Median 67d
(9-713)
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Feinstein 1997-1999 | 18-59y | 61 76 n/a 42.1%
2001
Glazer 1998 | 1991-1995 | 10m-56y | 62 79 Median 40d | 67%
(10d-1.5y)
Hoffmeister | 1994-2004 | 14-67y | 78 91 ? 49%
2006
Kim 2015 | 20092012 | 17-78y | 187 206 | n/a 65%
(80
HSCT)
Stover 1984 | 1982-1984? | 15-77y | 97 97 n/a 66%
(18
HSCT)
Tang 2018 | 20132016 | 11-64y | 130 149 | 176d 58%
(17-1480d)
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Table 5. Role of bronchoscopy with BAL in evaluation of suspected post-HSCT BOS in

children

Clinical Scenario

Recommendation

Justification

Asymptomatic, PFT decline, CT

with infiltrate

Bronchoscopy with BAL

Yield and safety of BAL in

investigating infection

Asymptomatic, PFT decline, CT

suggests BOS

Bronchoscopy with BAL

Patients presenting with
features of BOS can have
occult infection, and may
improve with treatment of

infection.

Asymptomatic, PFT decline,

unrevealing CT

Repeat PFT (1-2 weeks)
Bronchoscopy with BAL if

PFT decline persistent

Patients presenting with
features of BOS can have
occult infection, and may
improve with treatment of

infection.

Symptomatic, persistent PFT

decline

Bronchoscopy with BAL

Yield and safety of BAL in

investigating infection

Unable to complete PFT AND

symptoms

OR

CT suggestive of infection or BOS

Bronchoscopy with BAL

Yield and safety of BAL in

investigating infection
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Table 6. New proposed criteria for diagnosis of pediatric post-HSCT BOS

In children who can perform spirometry: (GLI to be used at the reference equation for spirometry

and plethysmography)

AND

O

AND

e Relative decline of FEV, percent predicted, compared to pre-HSCT baseline, by 15% which

persists on two tests at least 2 weeks apart.

e Supporting Features (two or more of the following)

FEV,/VC below lower limit of normal

Evidence of air trapping on expiratory CT

Evidence of air trapping on plethysmography (residual volume or residual
volume/total lung capacity elevated above the upper limit of normal)
Lung clearance index >8.0

cGVHD (active or past history) in another organ

e Persistence of suspicion of BOS after directed treatment or expected resolution of any
identified infection. Assessment of infection should include investigations directed by clinical
symptoms, such as chest radiographs, computed tomographic (CT) scans, or microbiologic
cultures (sinus aspiration, upper respiratory tract viral testing, sputum culture,

bronchoalveolar lavage).
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In children who cannot perform spirometry:

e Clinical symptoms (i.e. wheeze, shortness of breath with activity)

AND

e Two or more of the following

o Evidence of air trapping on expiratory CT

o Lung clearance index >8.0

o CcGVHD (active or past history) in another organ

AND

e Persistence of suspicion of BOS after directed treatment or expected resolution of any
identified infection. Assessment of infection should include investigations directed by
clinical symptoms, such as chest radiographs, computed tomographic (CT) scans, or

microbiologic cultures (sinus aspiration, upper respiratory tract viral testing, sputum

culture, bronchoalveolar lavage).
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List of Abbreviations

ATS - American Thoracic Society

BAL - Bronchoalveolar Lavage

BOS - Bronchiolitis Obliterans Syndrome

BO - Bronchiolitis Obliterans

CBO - Constrictive Bronchiolitis Obliterans

CT - Computed Tomography

DLCO - Diffusing Capacity of the Lungs for Carbon Monoxide
FEV1 - Forced Expiratory Volume in One Second
FEF25-75% - Forced Expiratory Flow at 25—75% of FVC
FVC - Forced Vital Capacity

GA - General Anesthesia

GLI - Global Lung Initiative

GVHD - Graft vs. Host Disease

c¢GVHD - Chronic Graft vs. Host Disease

GRADE - Grading of Recommendations, Assessment, Development, and Evaluation
HSCT - Hematopoietic Stem Cell Transplantation

LCI - Lung Clearance Index

LB - Lymphocytic Bronchiolitis

MBW - Multiple Breath Washout

NIH - National Institutes of Health

PFT — Pulmonary Function Testing

PICO - Patient/ Intervention/ Comparator/ Outcome

TLC - Total Lung Capacity

VATS - Video-Assisted Thorascopic Surgery
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Methods

We used the GRADE approach (1, 2) to formulate clinical questions, identify and summarize relevant evidence, and
develop recommendations for clinical practice. We used a modified Delphi process to develop a consensus based criteria

for diagnosing pediatric bronchiolitis obliterans (BOS). Methods are summarized below.

Committee composition

The guidelines panel included specialists from multiple disciplines with expertise in the management of pediatric
bronchiolitis obliterans (BOS) and four experts in guideline development methodology. The panel included 13 pediatric
pulmonologists, 6 pediatric stem cell transplant clinicians, and 1 of each of the following: adult pulmonologist,
radiologist, nurse, pharmacist, pediatric surgeon, and medical imaging scientist. During the guideline development
process, 3 patients with BOS, and their primary caregivers, provided insight about the outcomes that were important to
patients and the priorities for children with BOS. The panel had two Co-Chairs (SG and SS) and was divided into six sub-

groups; one each for the six PICO questions.

Contflict of Interest management and sponsorship

Committee members disclosed all potential conflicts of interest, as per the policy of American Thoracic Society (ATS).
Individuals with manageable conflicts took part in discussions about the evidence but did not participate in formulating or

grading recommendations.

ATS staff provided logistical support and funding.

Formulating clinical questions

The committee used expert opinion to identify 6 specific questions of importance to patients with BOS, their caregivers,
and clinicians who treat patients with BOS. The questions for this guideline were finalized using a survey in which the
panel members were asked to propose questions that are of importance to patients with BOS. The proposed questions
were ranked by the panel members based on their priority to patients and providers. Based on ATS clinical practice

guideline policy, we chose the top six questions to be included in the guideline.
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A list of outcomes of interest for each of the clinical questions was created. Outcomes were then rated as “critical”,
“important”, or “less important.” As suggested by the GRADE method, only outcomes that were considered ‘critical’ or
‘important’ were considered while formulating the recommendations. Patient/Intervention/Comparator/Outcome (PICO)

format was used to formulate the questions for the guideline.

Literature search

We searched Medline using the search strategy described in the online supplement. The search was performed between
June 2022 and September 2022. For each PICO question, two methodologists conducted a title and abstract review. Full
texts of potentially relevant studies were reviewed by PICO leads to determine eligibility. Using a standardized data
collection instrument, we abstracted relevant data on study characteristics, types of participants, interventions and

outcomes of interest.

Evidence review and development of clinical recommendations

We used GRADEpro Guideline Development Tool online software (McMaster University, Hamilton, ON, Canada) to
develop evidence profiles for each PICO question (1, 3, 4). The evidence profiles summarized the quality of evidence and
results for each outcome of importance. When randomized controlled trials (RCT) were available, only these were used to
create the evidence profiles. Observational studies were used only when relevant outcome data was not available from

RCTs.

The certainty of evidence (quality of evidence) for each outcome was defined as the degree of confidence that an estimate
of the effect is correct. The evidence quality therefore depends on overall risk of bias, precision, consistency, directness of
the evidence, risk of publication bias, presence of dose-effect, magnitude of effect and the effect of plausible residual
confounding. The certainty of evidence was categorized as high, moderate, low or very low. The overall certainty of

evidence was determined across all outcomes considered critical for decision making.

Recommendations were described as ‘strong’ or ‘conditional’ (also referred to as ‘weak’) and the categorization was
based on the evidence to decision (EtD) framework, which includes the following items: priority of the clinical problem,
magnitude of the desirable effects, magnitude of the undesirable effects, overall certainty of the evidence, variability in

patient values, the balance of desirable and undesirable effects of the intervention, acceptability of the intervention and
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feasibility of implementing the recommendation (5). Recommendations were decided by consensus. A strong
recommendation implies that the balance of benefits, harms and other consideration in the (EtD) framework is such that
most patients and providers would want the recommended course of action. A weak/conditional recommendation, on the
other hand, implies that the balance of various considerations in the EtD framework still favors the recommended course
of action in the majority of patients. However, with a conditional recommendation, individual patient values or

considerations of cost and feasibility may lead to a course of action other than that recommended in the guideline.

We offered ‘no recommendation’ when our confidence in estimates of benefits and harms was so low that the panel
believed that any recommendation would be speculative and / or the management options had very different consequences

that would be sensitive to patient preferences.

Modified Delphi process methodology

We planned a two round, modified-Delphi process to achieve consensus on a new diagnostic criterion for pediatric
bronchiolitis obliterans (BOS). Delphi technique was chosen because it allows rapid and systematic development of
expert consensus. We followed the Conducting and REporting of DEIphi Studies (CREDES) for the conduct and reporting
of the Delphi process (6). The process was conducted online and we used the Redcap survey tool for the surveys included
in the process (7). This process involved a panel of 23 participants. Of the 23, 18 were members of the panel who
developed the guideline, including 12 pediatric pulmonologists and 6 pediatric HSCT clinicians. Five members were
added to this group including 3 pediatric pulmonologists, 1 pediatric HSCT clinician, and 1 adult pulmonologist. The
process was overseen by an expert in guideline development methodology. All panelists completed the conflict of interest
forms provided by the ATS and any conflicts identified during this process were managed per the established ATS
conflict of interest policies. The first version of the new criteria was developed by a five-person executive committee who
reviewed the existing evidence on different aspects of the current 2014 NIH BOS criteria and the pitfalls of using the
criteria in children. This first version of the new pediatric BOS criteria and the associated summary of evidence was
shared with the full expert panel. The full expert panel was then anonymously (to reduce the social pressure for
conformity) surveyed (survey#1) for agreement with the proposed criteria. A 70% threshold to establish agreement was
chosen a priori. Next, an online meeting was held among all panel members to discuss the results of the first survey. Any

item not reaching 70% threshold was modified or removed based on the feedback received in the meeting. During the
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meeting, several panel members sought more information and evidence on the PRISm criteria. A second survey
(survey#2) was conducted after a summary of existing literature on PRISm in pediatrics was shared with the panel. This
second survey showed a lack of agreement to include the PRISm. Therefore, PRISm was removed from the final version
of the criteria. The final version of the BOS criteria was presented to the full panel (survey#3) to survey the panels

agreement on the criteria as a whole rather than agreement on individual items.
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PICO 1. Pre- HSCT Lung function

Search strategy. PICO 1-3: Pre- HSCT Lung function, Post-HSCT Lung function Surveillance
and Spirometry vs MBW

1lexp Pediatrics/ or exp Infant/ or exp Child/ or exp Adolescent/ 3896875
(pediatric* or infant* or baby or babies or child or children or adolescent™ or
2(teen*).ti,ab,kw,kf. 2118118
3jlor2 4377917
4lexp Bone Marrow Transplantation/ or exp Stem Cell Transplantation/ 135602
5|((bone marrow or stem cell) adj3 (transplant® or graft*)).ti,ab,kw,kf. 95124
6/4 or5 164354
7lexp Lung Diseases/ or exp Respiratory Function Tests/ 1309370

((bronchiolit* adj2 (obliteran* or obliterative* or constrictive* or exudative® or
proliferative*)) or (pulmonary adj2 (graft versus host or graft vs host)) or (lung adj2
disease*) or ((lung or pulmonar* or respirator*) adj2 function test*) or airway resistan*
or blood gas analysis or oximetry or bronichial provocation or capnography or lung
compliance or lung volume measure* or total lung capacit* or maximal respiratory
pressure* or plethysmography or pulomonary gas exchange or pulmonary diffusing
capacit* or ventilation-perfusion ratio* or forced expiratory flow rate* or forced
expiratory volume* or maximal voluntary ventilat* or spirometr* or bronchospirometr*
or valsalva maneuver or ventilation-perfusion scan* or work of breathing or DLCO or
diffusion capacit* or diffusing capacit* or transfer factor* or residual volume* or
multiple breath washout or lung clearance index or inert gas washout or ((peripheral

8lairway* or small airway*) adj2 (disease* or function*))).ti,ab,kw,kf. 180549
97 or8 1364529
103 and 6and 9 2003
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PRISMA Flow diagram. PICO 1: Pre-HSCT screening spirometry
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Risk of Bias assessment (Newcastle-Ottawa Scale). PICO 1: Pre-HSCT Lung function.

Selection
Comparability
Outcome

Overall

0%

25% 50% 75%

. No information . Critical . High D Some concerns . Low
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Evidence table: PICO#1
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Question: Should pre-HSCT screening spirometry, plethysmography and test of diffusion capacity be performed in pediatric

patients who will undergo allogenic HSCT?

Intervention: Pre-HSCT lung function

Comparator: No Pre-HSCT lung function

Setting: Outpatient

Quality assessment No. of Result Quality Importanc
No. of Design Risk of Inconsistency | Indirectness | Imprecisio Other patient e
studies bias n s
Diagnostic yield: FEV1
16 Observationa No Serious* None None Possibility of 2200 Normal FEV1in 3 Moderat Important
| serious very large studies e
risk of percentage
bias of abnormal Range of prevalence
tests of abnormal: 4- 41%.
Severe abnormalities:
0-13%
Diagnostic yield: FEV1/FVC
13 Observationa No Serious* None None Possibility of 909 Normal FEV1/FVCin 2 Moderat Important
| serious very large studies. e
risk of percentage
bias of abnormal Range of
tests abnormalities: 5-20%.
Diagnostic yield: FEF25-75
4 Observationa No Serious* None None Possibility of 655 Range of Moderat Important
| serious very large abnormalities: 3-28% e
risk of percentage
bias of abnormal
tests
Diagnostic yield: FVC
10 Observationa | No Serious* None None Possibility of 1543 Range of Moderat Important
| serious very large abnormalities: 10- e
risk of percentage 31%.
bias of abnormal
tests
Diagnostic yield: DLCO
10 Observationa | No Serious* None None Possibility of | 914 Normal DLCO in 1 Moderat Important
| serious very large study. e
risk of percentage
bias of abnormal Range of
tests abnormalities: 3-100%
*Wide range of pre-transplant PFT abnormalities among studies.
11
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PICO2. Post-HSCT screening lung function

PRISMA Flow diagram. PICO 2: Post-HSCT screening lung function
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Risk of Bias assessment (Newcastle-Ottawa Scale). PICO 2: Post-HSCT Lung function.

Population

Comparaiblity

Qutcome

Overall

0% 25% 50% 75% 100%

. No information . Critical . High D Some concerns . Low
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Evidence table: PICO#2

Question: At what frequency should pediatric patients who have had allogenic HSCT undergo surveillance spirometry,
plethysmography and tests of diffusion capacity?

Intervention: Regular post-transplant surveillance

reported 4 patients being
asymptomatic at BOS
diagnosis

No surveillance: 51-57%
predicted and in one study
FEV1 Z score time of
diagnosis -3.62 (-4.77, -
2.48)

Quality assessment No. of Result Quality | Importance
No. of Design Risk of bias Inconsistency | Indirectness | Imprecisio Other | patient
studies n S
Timing of BOS diagnosis
21 Cohort Serious* None None None None 1895 Surveillance: Most of the Low Critical
studies studies report a median
time of 6-12 months
No surveillance: Median
time 6-24 months 12
months.
FEV1 decline at the time of diagnosis
21 Cohort Serious* Serious’ None None None 1895 Surveillance: 37-58% Very Critical
studies predicted; 2 studies Low

Comparator : Testing only if clinically indicated

Setting: Outpatient

*Wide range of BOS severity among studies; some studies only included patients with BOS. Some studies only described obstructive airway disease without sub-
classifying them into BOS. Confounding variables such as conditioning regimens and pre-existing abnormal lung function tests were not controlled in most studies.

TWide range of FEV1 scores at diagnosis between studies.
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PICO 3. Screening Spirometry versus Multiple Breath Washout

PRISMA Flow Diaaram. PICO 3: Screenina Spirometrv versus Multiple Breath Washout
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Risk of Bias assessment (QUADAS-2). PICO 3: Screening Spirometry versus Multiple Breath

Washout.

Patient selection
Index test
Reference standard
Flow & timing

Overall risk of bias

0%

25% 50% 75%
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Evidence table: PICO#3
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Question: In pediatric patients who have had allogenic HSCT, should the routine surveillance of lung function be done using
spirometry or a combination of MBW and spirometry?

Intervention: Multiple Breath Washout (using Nitrogen or Sulfur Hexaflouride. Measure: Lung Clearence Index [LCI])

Comparator: Spirometry (Measure: FEV1)

Setting: Outpatient

Quality assessment No. of Result Quality | Importance
No. of Design Risk of bias Inconsistency | Indirectness | Imprecisio Other | patient
studies n S
Test accuracy (LCI versus FEV1 as reference)
2 Cohort Serious* None None Serious’ None 54 Pooled sensitivity 1.00 Very Critical
(0.99,1.00); pooled low
specificity 0.75 (0.42, 0.92).
Test feasibility in young children
1 Cohort No risk of None None None None 26 Spirometry was Low Important
bias successfully performed in
17/26 (65%) patients.
MBW was successfully
performed in 26/26 (100%)
patients.
*No longitudinal follow up. Pre-transplant values are not known and not adjusted for. Different thresholds for diagnosing BOS.
tWide confidence intervals for sensitivity.
17
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PICO 4. CT scan in BOS evaluation

Search strategy. PICO 4, CT Scan:

exp Pediatrics/ or exp Infant/ or exp Child/ or exp

1/Adolescent/ 3915586
(pediatric* or infant* or baby or babies or child or

2(children or adolescent™ or teen*).ti,ab,kw,kf. 2133642

3|1or2 4403380
exp Bone Marrow Transplantation/ or exp Stem Cell

4[Transplantation/ 136406
((bone marrow or stem cell) adj3 (transplant* or

5|graft*)).ti,ab,kw,kf. 96108

6/4or5 165657
exp Lung Diseases/ or exp "Tomography, X-Ray

7|/Computed"/ 1588592

((bronchiolit* adj2 (obliteran* or obliterative* or
constrictive* or exudative* or proliferative*)) or
(pulmonary adj2 (graft versus host or graft vs host)) or
(comput* adj2 tomograph*) or (CT adj2

8|scan*)).ti,ab,kw,kf. 440690
97 or8 1787560
103 and 6and 9 2331

AJRCCM Articlesin Press. Published June 18, 2024 as 10.1164/rccm.202406-1117ST
Copyright © 2024 by the American Thoracic Society



Page 84 of 98

PRISMA Flow diagram. PICO 4: CT Scan
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Risk of Bias assessment (Newcastle-Ottawa Scale). PICO 4: CT scan in BOS.

Population
Comparaiblity
Outcome

Overall

0% 25% 50% 75% 100%

. No information . Critical . High D Some concerns . Low
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Evidence table: PICO#4

Question: Should pediatric patients post allogenic HSCT who have abnormal surveillance lung function assessment be
investigated with a CT chest scan?

Intervention: CT scan

Page 86 of 98

Quality assessment No. of Result Quality
No. of Design Risk of bias Inconsistency | Indirectness | Imprecisio Other | patient
studies n s

Importance

Diagnostic yield (pre-HSCT)

2 Cohort No risk of None Serious* None None 532 Normal CT findings and the | Low
bias absence of emphysema
were significantly
associated with normal
PFT.

Abnormal findings were
noted in 50-55% of
patients. Clinically
significant findings noted in
13% patients.

Critical

Diagnostic yield (post HSCT)

12 Cohort Serious risk None Serious’ None None 297 CT alone unable to Very
of biast differentiate BO from non- low
BO in 2 studies (Merlini
2008 and Uhlving 2015).
Air trapping: regional or
diffuse hypoattenuation-
100% (2 studies). Areas of
parenchymal
hypoattenuation noted in
48-100% scans.

% lung volume with low
attenuation significantly
different in BOS (16.4%)
versus patients without
BOS (0.61%) (Moutafidis
2021).

Critical

Comparison of CT findings with Spirometry

3 Cohort Serious risk None Serious’ None None 59 % lung volume with low Very
of biast attenuation correlated low
with FEV1: 0.62- 0.77
(moderate to high
correlation) and
FEV1/FVC: 0.65-0.79
(moderate to high
correlation).

Mean lung density and
relative area of lung below
-800 on expiration was
correlated with FEV1 (Oh
2013).

Important

Comparator: No CT scan

Setting: Outpatient

*Impact of CT scan not prospectively collected; impact reported in one study.

TNo pre-HSCT-CT, no controlling for confounding variables, different CT techniques that were spread over several decades.
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*some studies with mixed-adult and pediatric populations.

PICO 5. Bronchoscopy in BOS evaluation

Search strategy. PICO5, Bronchoscopy

exp Pediatrics/ or exp Infant/ or exp Child/ or exp

1/Adolescent/ 3915586
(pediatric* or infant* or baby or babies or child or
2|children or adolescent* or teen*).ti,ab,kw,kf. 2138642
3l1or2 4403380
exp Bone Marrow Transplantation/ or exp Stem Cell
4(Transplantation/ 136406
((bone marrow or stem cell) adj3 (transplant* or
5lgraft*)).ti,ab,kw,kf. 96108
6/4 or 5 165657
exp Lung Diseases/ or exp Bronchoscopy/ or exp
7|Bronchoalveolar Lavage/ 1184410
((bronchiolit* adj2 (obliteran* or obliterative* or
constrictive* or exudative* or proliferative*)) or
(pulmonary adj2 (graft versus host or graft vs host)) or
bronchoscop* or ((bronchoalveolar or
bronchopulmonary or bronchial or lung) adj2
8llavage®*)).ti,ab,kw,kf. 69332
9|7 or8 1201937
103 and 6and 9 1904
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PRISMA Flow diagram. PICO 5: Bronchoscopy
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Risk of Bias assessment(Newcastle-Ottawa Scale). PICO 5: Bronchoscopy in BOS.

Population
Comparaiblity
Qutcome

Overall

0%

25% 50% 75%

. No information . Critical . High D Some concerns . Low
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Evidence table: PICO#5

Question: Should pediatric patients post-allogenic HCT who have abnormal surveillance lung function assessment be

Page 90 of 98

Quality assessment No. of Result Quality | Importance
No. of studies | Design Risk of Inconsistency | Indirectness Imprecisio Other | patients/BA
bias + n L procedures
BAL Yield
14 Cohort Very Very serious Very serious Nonet None | 790/1144 BAL yield varied Very Critical
studies serious*® widely from 31-68% low
without
any
controls
Complication
s
11 Cohort Very Very serious Very serious Nonet None | 383/701 Complications from Very Critical
studies serious* BAL were few, and low
without very rarely serious
any
controls

investigated with a BAL/bronchoscopy?

Intervention: Bronchoscopy with bronchoalveolar lavage

Comparator: No bronchoscopy / Non-invasive or other tests for microbiologic or pathologic diagnosis

Setting: Outpatient/In-patient

*Study designs were suboptimal, most being retrospective cohorts of patients who underwent BAL for clinical reasons. No studies had an appropriate control group

to allow assessment of the utility of bronchoscopy in BOS diagnosis. Additionally, confounders such as antibiotic usage were inconsistently (or not) reported.

Microbiologic techniques used for testing also varied greatly over time.

t Overall, zero or very few cases of BOS are described in these studies (except Yanik et al); although the population studied was mainly s/p HCT, bronchoscopy and
BAL was not performed as part of the evaluation of BOS.

*Given the heterogeneity of studies (with regards to study populations, study time period, microbiologic testing, described complications, etc), imprecision was not

quantifiable and is reported as “none” although likely to be very serious.
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PICOG6. Lung biopsy in BO diagnosis

Search strategy. PICOG6, Lung Biopsy

exp Pediatrics/ or exp Infant/ or exp Child/ or exp

1|Adolescent/ 3915586
(pediatric* or infant* or baby or babies or child or
2|children or adolescent* or teen*).ti,ab,kw,kf. 2138642
3|1or2 4403380
exp Bone Marrow Transplantation/ or exp Stem Cell
4[Transplantation/ 136406
((bone marrow or stem cell) adj3 (transplant* or
5|graft*)).ti,ab,kw,kf. 96108
6/4 or 5 165657
7lexp Lung Diseases/ or (exp Biopsy/ and exp Lung/) 1164912
((bronchiolit* adj2 (obliteran* or obliterative* or
constrictive* or exudative* or proliferative*)) or
(pulmonary adj2 (graft versus host or graft vs host)) or
8|(lung* adj4 biops*)).ti,ab,kw,kf. 18325
9|7 or 8 1169000
103 and 6 and 9 1846

AJRCCM Articlesin Press. Published June 18, 2024 as 10.1164/rccm.202406-1117ST
Copyright © 2024 by the American Thoracic Society

26



Page 92 of 98

PRISMA Flow diagram. PICO 6: Lung biopsy
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Pediatric BOS Criteria process

1

1

I Included studies ongoing (n = 0)

| Studies awaiting classification (n = 0)
1

New Proposed Criteria (Version_1)

In children who can perform spirometry: (GLI to be used at the reference equation for spirometry and
plethysmography)

AND

o

@)
@)
©)

O

AND

e Decline of FEV; relative to pre-HSCT baseline by 15%

e Supporting Features (two of these)

e Persistence of suspicion of BOS after directed treatment or expected resolution of any

FEV1/VC below lower limit of normal

PRISm pattern (FEV1 <LLN, FEV1/VC >LLN)

Evidence of expiratory air trapping on expiratory CT

Evidence of air trapping on plethysmography (residual volume or residual volume/total
lung capacity elevated above the upper limit of normal)

Lung clearance index >9.0

cGVHD (active or past history) in another organ

identified infection. Assessment of infection should include investigations directed by clinical

symptoms, such as chest radiographs, computed tomographic (CT) scans, or microbiologic
cultures (sinus aspiration, upper respiratory tract viral screen, sputum culture,
bronchoalveolar lavage).

In children who can not perform spirometry:
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e Clinical symptoms (i.e. wheeze, shortness of breath with activity)
AND

e One of the following
o Evidence of expiratory air trapping on expiratory CT
o Lung clearance index >9.0
o cGVHD (active or past history) in another organ

AND

e Persistence of suspicion of BOS after directed treatment or expected resolution of any
identified infection. Assessment of infection should include investigations directed by clinical
symptoms, such as chest radiographs, computed tomographic (CT) scans, or microbiologic
cultures (sinus aspiration, upper respiratory tract viral screen, sputum culture,
bronchoalveolar lavage).

Pediatric BOS Criteria process: Results of sequential surveys
Survey#l results
1. Do you agree with '% decline from baseline' rather than an absolute FEV1 level?

a. Responses =21
b. Yes=21

Page 94 of 98

2. If a criteria using relative change in FEV1 is to be used, what amount of decrease from baseline should

be part of the criteria?
a. Responses =19
b. 10%=4 (21%)
c. 15%=10(53%)
d. 20%=15 (26%)

3. How many supporting features should be required?
a. Responses=21
b. 1=3(14%)
c. 2=16(76%)
d.

Other=2 (10%). Comment: None. CT without airtrapping should also essentially rule BOS out

4. What should be the threshold for lung clearance index: >9.0 (based on Rayment et al, Transplant Cell

Ther 2022;28(6):328) or >8.0 (conventional upper limit of normal)?
a. Responses =19
b. >9.0=12 (63%)
c. >8.0=7(37%)

5. Do you want to add mid-expiratory flow (MEF25%-75%)
a. Responses =20
b. Yes=12 (60%)

AJRCCM Articlesin Press. Published June 18, 2024 as 10.1164/rccm.202406-1117ST
Copyright © 2024 by the American Thoracic Society

29



Page 95 of 98

c. No=8 (40%)

For the cGVHD criteria, do you prefer active GVHD or past history of cGVHD in another organ vs Grade
2 or more cGVHD

a. Responses =21

b. Active/ past cGVHD=19/21 (90.5%)

c. Grade 2 or more cGVHD= 2 (9.5%)

For the spirometry based supporting features - is using the LLN as the threshold appropriate or should
we use relative decline?

a. Responses =21

b. Lower limit of normal = 12 (57%)

c. Relative threshold =9 (43%)

If you prefer relative criteria, describe what % decline should be used.
a. Responses=9
10%: 2
12% or higher: 1
15%: 3
10% or 15%: 1
> 20% decline in FEV1 or > 25% decline in FEF25-75, from baseline: 1
If referring to FEV1 then 20% as we don't have the evidence as yet to state 15% is more
appropriate (may be wrong). If referring to FEV1/FVC then keep as lower limit of normal (ideally
defined as z score). Above aims to align with adult approach

N

Do you want to remove any of the supporting feature criteria?
a. Responses =20
b. Yes=4(20%)
c. No=16(80%)

10. Which supportive criteria do you want to remove?

a. Responses=4

b. PRISm pattern - I'm not sure what that is, but it is describing restrictive physiology, not BOS

c. The absence of infection

d. All except GVHD in other organ, IF volumes completed, having air trapping and NOT normal. IF
completed a CT, with air trapping and NOT normal.

e. GVHD in any other organ

11. Do you suggest adding any criteria to the supporting features?

a. Responses =19
b. Yes=3(12%)
c. No=16 (88%)

12. What measure do you want to add to the supportive criteria?

a. | wonder if additional weight should be given to CT findings; also should symptoms be included?
b. Cough as a symptom
c. MBW
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13.

14.

15.

16.

17.

18.

19.
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For children who can not perform spirometry, what should be the threshold for lung clearance index:
>9.0 (based on Rayment et al, Transplant Cell Ther 2022;28(6):328) or >8.0 (conventional upper limit of
normal)?

a. Responses =18

b. >9.0=11(61%)

c. >8.0=7(39%)

For children who can not perform spirometry, for the cGVHD criteria, do you prefer: active GVHD or
past history of cGVHD in another organ versus Grade 2 or more cGVHD?

a. Responses =20

b. Active/past cGVHD= 18 (90%)

c. Grade or more cGVHD= 2 (10%)

For children who can not perform spirometry, how many supporting features should be required?
a. Responses=21
b. One=10 (48%)
c. Two=11(52%)

Do you want to remove any of the supporting feature criteria?
a. Responses =21
b. Yes=0%
c. No=21(100%)
Do you suggest adding any additional criteria?
a. Responses =21
b. Yes=2(9.5%)
c. No=19(90.5%)

What measure(s) do you want to add to the supportive criteria?
a. i0S when available? consider adding 3D recon with air trapping?
b. MBW

Additional comments:

a. |think we need to address, or at least acknowledge, the possibility of restrictive physiology in
chronic GVHD. We keep referencing lung transplant criteria, and they have completely gone
away from BOS as the only form of CLAD. They make clear distinctions between the BOS and
RAS phenotype of CLAD, and a similar distinction should be acknowledge in chronic lung GVHD.

b. Ithink as simple as possible would be best...

Perhaps radiographic findings should hold more weight?

d. LCl thresholds were established using the old Spiroware software version (3.2). | am in the
process of re-processing the dataset to see if this changes the threshold -- | expect it will, as it
dropped the healthy ULN from 7.9 to 7.1. So the LCI thresholding question is complicated and
likely changing...

e. Inthe future we should be incorporating oscillometry as another available test in the preschool
age range which may be more broadly accessible - but we have not incorporated that into our
working group outputs as yet, so save it for the next update of the document

o
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20. Points needing further discussion: The panel was keen to receive more information regarding the
PRISm before making a judgement on whether it should be included as a supporting feature. The
evidence was summarised and sent to the panel as a separate document.

Survey#2 results

1. Do you think we should include PRISm (defined as FEV1 <LLN, FVC <LLN, normal FEV1/FVC, normal TLC
if available) as a supporting feature?
a. Responses: 16
b. Yes=9 (56%)
c. No=7 (44%)
d. Comments:
i. Not enough paediatric specific data & variability in spirometry in kids
ii. The evidence supporting PRISm as equivalent to BOS in adults post-BMT is very weak (a

single paper with questionable methodology), and there is no evidence in children post-
BMT. There is more evidence supporting the use of MBW in children post-BMT, but that
was dropped because we all agreed it lacked enough evidence to be included in a
guideline statement. Further, there is too much overlap with the restrictive/PPFE
phenotype (what is called RAS in lung transplant) and with respiratory muscle weakness
/ deconditioning for this to be included in a proposed definition for BOS.

iii. |think with patients that are not great at baseline with PFT's this will over diagnose BOS.

iv. Worried about specificity of this measure in pediatrics - inadequate care exhalation
could really meet this criterion (false positive). Probably less of an issue in adults, but a
grumpy 8 year old will do this all the time.

Survey#3 results

1. Do you agree with the proposed criteria to diagnose BOS in children who can perform spirometry?
a. Responses: 19
b. Yes=19 (100%)
c. No=0 (0%)

2. Do you agree with the proposed criteria to diagnose BOS in children who CAN NOT perform
spirometry?
a. Responses: 19
b. Yes=18 (95%)
c. No=1(5%)

3. Additional comments:
a. Forthose who can't do spirometry, | think it needs to be made more clear that the clinical
symptoms are persistent for a prolonged period of time and we need to specify that time frame
in the definition like we do for the group who can do spirometry; at least 2 but preferably 4
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weeks. Persistence is implied in the paragraph at the bottom, but it needs to be stated more
explicitly to avoid over diagnosis of BOS in patients with pre-school wheezing.

b. "Respiratory tract viral screen" is a funny term - it's not a screen, it's a diagnostic test. It's just
semantic though. Otherwise looks great!

c. Agree with the decision to not include PRISm criteria at this stage - part of my delay in
answering that question was because it was not a straightforward answer. Good plan to include
as a discussion point.
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