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Graft-versus-host disease may cause pulmonary restriction,
but not all restriction is graft-versus-host disease
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Pang et al1 suggest that the 2019 International Society for Heart and Lung Transplantation (ISHLT) crite-
ria to diagnose chronic lung allograft disease (CLAD)2 could be adapted to pulmonary chronic graft-
versus-host disease (pcGVHD) after hematopoietic cell transplantation (HCT). Their work shows the
deleterious impact of pulmonary impairment on mortality, whether it is due to airflow obstruction or to
restriction. However, the implications of considering any noninfectious pulmonary function impairment to
represent pcGVHD may unintentionally impede our efforts to better understand bronchiolitis obliterans
syndrome (BOS), the predominant form of pcGVHD.

First, we interrogated the underlying assumption that CLAD and pcGVHD are similar enough that we
can broadly adapt the same criteria to these disparate populations. BOS is well-known to be the primary
manifestation of CLAD after lung transplantation,3 whereas restrictive allograft syndrome (RAS) occurs in
30% of patients with CLAD and was formally recognized as a CLAD subtype in 2014 ISHLT guide-
lines.4 RAS is fundamentally different from BOS beyond patterns of pulmonary impairment.5 First, RAS
typically manifests earlier and tends to be inexorably progressive, whereas BOS after lung transplantation
often exhibits periods of transient stability. Second, RAS is typically associated with higher mortality than
BOS. Finally, the main radiologic and histologic patterns in RAS are parenchymal and pleural fibrosis,
usually with constrictive bronchiolitis,6 whereas BOS is characterized by constrictive bronchiolitis without
parenchymal or pleural fibrosis.7

Noninfectious pulmonary complications (NIPCs), including BOS, occur in about 20% of HCT recipients
and are well known to increase mortality, but these do not necessarily constitute pcGVHD.8 Pleuroparen-
chymal fibroelastosis (PPFE), a hallmark of RAS, is extremely rare after HCT.9 PPFE may represent
cGVHD, but other NIPCs may not. For example, idiopathic pneumonia syndrome, occurring in 1% to 3%
of HCT recipients, often occurs before cGVHD manifests and is often unresponsive to immunosuppres-
sive therapy.10 Cryptogenic organizing pneumonia, occurring in 1% to 2% of HCT recipients, may occur
in the absence of cGVHD and is generally responsive to corticosteroid therapy, unlike severe cGVHD
syndromes.11 Histopathologic studies of NIPCs occasionally show nonspecific bronchiolar pathologies,12

but constrictive bronchiolitis is seen in most patients with RAS.6 This implies that post-HCT restrictive
lung disorders cannot be definitively linked to cGVHD in the same way that RAS is linked to CLAD.
Therefore, assuming that post-HCT pulmonary restriction constitutes cGVHD may hinder the understand-
ing of post-HCT BOS by conflating dissimilar disease processes.

Second, Pang et al1 found that 13% of patients had mixed obstruction and restriction, although these
patients also featured a diverse array of radiologic abnormalities in the lung. Combined with the 3% inci-
dence of pure airflow obstruction, this combined 16% is similar to the results of a previous study which
estimated that 14% of patients with extrapulmonary cGVHD also developed BOS.13 However, it is not
clear how to interpret the �11% of patients who had undefined phenotype, most of whom had airflow
obstruction with less air trapping than patients with the obstructed phenotype, and they developed
impairment later in their post-HCT course. The disease in these patients may also represent BOS,
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despite a slightly lower total lung capacity, but the adapted ISHLT
criteria, which must account for the probability of RAS after lung
transplantation, unnecessarily incorporate radiologic findings into the
post-HCT diagnostic algorithm. Because pre-HCT radiologic abnor-
malities are common14 and pre-HCT radiology may not have been
evaluated, patients with the undefined phenotype may simply have
the obstructed phenotype. Similarly, most patients lacked pre-HCT
pulmonary function tests (PFTs), which are imperative for properly
adapting ISHLT criteria in the first place; without pre-HCT PFTs,
undiagnosed pre-HCT pulmonary impairment may lead to overdiag-
nosis of cGVHD with the adapted criteria.15 Because PFTs are a
prerequisite for HCT, not including pre-HCT PFTs is a major flaw of
the proposed adaptation of the ISHLT criteria. Furthermore, this
might misclassify preexisting non-cGVHD airflow obstruction, such
as asthma, as a new impairment. In accordance with the 2019
ISHLT statement, we suggest that patients with the undefined phe-
notype must be characterized in greater detail before being consid-
ered as having pcGVHD.

Finally, we challenge the assumption that all restrictive lung disease
necessarily denotes pcGVHD. First, Pang et al1 note that nearly half
of pulmonary restriction was a result of truncal sclerosis, a severe
cGVHD syndrome. Here, it is expected that a severe cGVHD syn-
drome will increase mortality,16 but this does not necessarily imply
alloimmune inflammation of the lung. Second, it is not clear how the
investigators evaluated infections, particularly in patients evaluated
early in the study period. Given the long duration of the study and
the evolution of diagnostic algorithms for infection, undiagnosed viral
infections may cause pulmonary impairment and increase mortality
after HCT, but most patients never develop BOS.17 Finally, the
abnormalities shown on computed tomography (CT) scan, which
the authors consider to be consistent with pulmonary restrictive dis-
orders, are nonspecific. For example, pleural abnormalities are com-
mon,18 but these rarely constitute cGVHD.19 Others, such as
ground-glass opacities, are notoriously nonspecific and may reflect
injuries that predated the initial study evaluation.20 Given that these
imaging abnormalities are not definitively linked to pcGVHD, we
would not advocate for nonspecific CT findings to be part of the
post-HCT diagnostic criteria.

The work by Pang et al1 improves our recognition of the impact of
post-HCT pulmonary impairment; indeed, the finding that restrictive
and undefined phenotypes had higher mortality highlights the impor-
tance of monitoring this vulnerable population. However, the finding
that obstruction and mixed phenotypes did not increase mortality
contradicts earlier pivotal studies21 and may be a result of a smaller
sample or an artificial split between undefined impairment and other
obstruction. Taken as a whole, the notion that this adapted
approach to diagnosing pcGVHD would improve our care of post-
HCT recipients requires further proof. First, the lack of clarity for
what disease processes constitute these patterns of impairment is a
weakness; pulmonary function alone can rarely diagnose specific
diseases. Second, although mechanistic studies of post-HCT BOS
are difficult to conduct and are generally lacking, we argue that this
necessitates multicenter collaboration to create well-characterized
cohorts with BOS rather than to broaden criteria to include restric-
tive disorders, which would lead to heterogenous study populations.
Similarly, therapeutic trials for pcGVHD will benefit from more care-
ful patient selection and not broader inclusion criteria; the rewards
of careful phenotyping have been reaped in diseases like severe
asthma.22 Third, post-HCT restrictive disorders are understudied,

and they clearly harm HCT recipients. These NIPCs should be stud-
ied separately from BOS, because efforts to mitigate these disor-
ders may require unique strategies. Finally, the lack of a control
group without severe cGVHD limits the generalizability to more typi-
cal HCT populations.

Pang et al1 have shown the value of PFTs to identify patients at
high risk for mortality after HCT. We would argue that pulmonary
impairment, particularly in the case of lung restriction, is not always
cGVHD. The National Institutes of Health criteria may miss certain
patients who have pcGVHD,23 but it would be unwise to conflate
patients with myriad non-cGVHD pulmonary diseases to those with
BOS simply based upon the presence of any pulmonary impairment.
Rather, we would argue that pulmonary function should be a com-
mon screening platform for NIPCs and BOS (and rarely PPFE), and
that further work is needed to address the dearth of biomarkers to
diagnose BOS and other NIPCs early in their course. We would
urge the community to focus their efforts on improving diagnostic
criteria for individual disease processes rather than advocating for
those that are simply easier to apply.
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