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Abstract
Objective
Studies identifying nonspecific interstitial pneumonia (NSIP) as the predominant histopathology in systemic sclerosis-
associated interstitial lung disease (SSc-ILD) have primarily utilised surgical lung biopsies in early disease.
These case series may only reflect the histopathology of early disease and differ from the histopathology of advanced
disease in those with respiratory failure.

Methods
Patients receiving a lung transplant for a diagnosis of SSc at a single centre from 2000-2021 were included for
retrospective analysis. All explanted lungs underwent histopathology review as part of routine care.

Results
127 patients with SSc received a native lung transplant during the study period. Usual interstitial pneumonia (UIP)
was identified in 111 explants (87 .4%), NSIP in 45 (35.4%) explants, organising pneumonia in 11 explants (8.7%),
and lymphocytic bronchitis in 2 explants (1.6%). Areas of both UIP and NSIP were identified in 37 explants (29.1%),
with only 9 explants (7.1%) showing neither UIP nor NSIP. Aspiration was identified on histology in 49 (38.6%)
explants. Pathology results were available from a prior surgical lung biopsy for 19 patients, with 11 patients
maintaining the same primary pathology on biopsy and explant (2 NSIP, 9 UIP) and 8 patients showing different
pathology at the timepoints, all of whom had UIP on explant. Most patients (101, 79.5%) had evidence of
pulmonary hypertension and vasculopathy on explant.

Conclusion
UIP is the predominant histopathology in patients with SSc receiving a lung transplant, with many patients
concurrently having both NSIP and UIP or showing progression from NSIP to UIP over time before transplant.
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Introduction

Systemic sclerosis (SSc) is a rare au-
toimmune disease with the highest
case-mortality amongst the rheumatic
diseases. Pulmonary complications, in-
cluding interstitial lung disease (ILD),
are the leading cause of disease-related
mortality in SSc, due to a lack of effec-
tive treatments and prevention (1, 2).
Though ILD is typically detected with-
in five years of the first non-Raynaud’s
symptom (3), its course is heterogenous
ranging from minimal progression over
decades to rapid progression to respira-
tory failure within several years, with
over 50% of patients with SSc develop-
ing SSc-ILD (4). Male sex, anti-topoi-
somerase antibody (anti-Scl-70), Black
race, and diffuse cutaneous disease are
risk factors for SSc-ILD, however we
currently lack biomarkers to identify
patients at highest risk for progression
to respiratory failure (5). Improving
scientific knowledge regarding SSc-
ILD progression to respiratory failure
may improve our identification of risk
factors for progression and better in-
form treatment approaches.

Previous studies identifying non-spe-
cific interstitial pneumonia (NSIP) as
the predominant histopathology in SSc-
ILD have primarily included patients
with early disease. A 2002 study of 80
SSc-ILD patients, utilised open surgi-
cal lung biopsies from patients with
early disease (mean disease duration 13
months), identifying NSIP in 77.5% of
samples and usual interstitial pneumo-
nia (UIP) or end-stage lung disease in
15% of samples (6). Similarly, a study
of surgical lung biopsy in 22 patients
with limited cutaneous SSc and SSc-
ILD identified NSIP in 14 (63.64%)
samples and UIP in 8 (36.36%) sam-
ples, with secondary organising pneu-
monia and lymphoid hyperplasia noted
in several patients. While importantly
defining the pathology in early dis-
ease, such studies do not sufficiently
inform the pathology of patients with
respiratory failure from SSc-ILD. In
translational studies utilising explanted
tissue, we and others have observed
that the majority of explanted SSc-
ILD lungs show UIP (7, 8), akin to the
preponderance of UIP at autopsy (60%
of samples) (9). However, the histopa-

thology of advanced SSc-ILD has not
been examined in a large series to date.
Efforts to characterise ILD pattern by
computed tomography (CT), have also
estimated UIP to be present in a great-
er percentage of patients (10-12). For
instance, a 2008 study examining 162
participants in the Scleroderma Lung
Study found honeycomb cysts, a CT
feature of UIP, in over 35% of patients
(10). The repeated characterisation of
SSc-ILD as an “NSIP disease” in the
literature may be limiting our under-
standing of disease evolution in those
with advanced SSc-ILD. It is critical
that we understand the histopathology
and mechanisms of disease in those
with respiratory failure, as these pa-
tients have the highest mortality and
greatest unmet clinical need.
Pulmonary hypertension (PH) can oc-
cur in patients with SSc due to multiple
mechanisms (13). Diagnosing patients
with a discrete PH form guides thera-
peutics yet is challenging in practice
due to overlapping features and the
potential for coexisting mechanisms.
The extent of ILD on chest CT is not
predictive of the haemodynamic sever-
ity of PH (14), further complicating
attempts to dichotomise patients with
SSc and PH into SSc-PAH and SSc-
PH-ILD subgroups. Patients with SSc-
PH-ILD have increased mortality com-
pared to those with SSc-PAH, and less
improvement in functional class (15).
By current United Network for Organ
Sharing diagnosis classification, pa-
tients with SSc are classified as either
scleroderma-restrictive or scleroder-
ma-pulmonary hypertension at the time
of transplant listing, however such di-
chotomisation does not reflect the fact
that most patients have both ILD and
PH to varying degrees.

Over 80% of patients with SSc have
gastrointestinal tract involvement, with
collagen accumulation in the myen-
teric plexus contributing to dysmotil-
ity across the gastrointestinal system
(16). Oesophageal disease is intimately
linked to pulmonary disease in SSc, as
oesophageal aperistalsis, dysmotility,
and gastroesophageal reflux (GER) all
increase the risk of recurrent aspira-
tion. Restrictive lung disease can also
increase GER by elevating the thora-
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coabdominal pressure gradient and de-
creasing the oesophageal length (17).
Clinicians commonly struggle with as-
sessing the contribution of aspiration-
related injury to SSc-ILD when deter-
mining whether to start and/or escalate
immunosuppression. Oesophageal dis-
ease can also influence eligibility for
lung transplantation, as many centres
will not transplant patients with moder-
ate to severe dysmotility due to concern
for aspiration causing allograft compro-
mise (18).

Surgical lung biopsies provide a snap-
shot in time of histopathology pattern,
but do not reflect the evolution of dis-
ease in any individual patient. While
serial CTs are often performed in SSc-
ILD and can indicate a change in tissue
disease pattern, their correspondence
with tissue patterns is imprecise (19-
21). Patients rarely undergo multiple
lung biopsies given procedural risk,
making human tissue from multiple
timepoints infrequently available for
research purposes. To gain insight into
the evolution of disease, we also re-
viewed pathologic data from multiple
timepoints in all patients who under-
went both a surgical biopsy and a sub-
sequent lung transplant. In this largest
series of lung explant pathology in SSc,
we sought to define the histopathology
of advanced SSc-ILD, progression of
disease patterns over time, as well as
the frequency of pulmonary vascular
disease and histologic evidence of as-
piration.

Materials and methods

Study procedures and design were
approved by the University of Pitts-
burgh’s Institutional Review Board
(STUDY22020013). Patients undergo-
ing native lung transplant at a single
centre for a diagnosis of SSc between
January 2000 and December 2021 were
included. Eligibility criteria and clini-
cal characterisation of the SSc lung
transplant cohort at University of Pitts-
burgh has been previously described
(22). 128 lung transplants met these
initial criteria. All explanted lungs
underwent histopathology review as
part of routine clinical care. Histopa-
thology reports, demographics, heart
catheterisations, CT chests, prior lung
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biopsy pathology, autoantibody status,
and preoperative medications were re-
viewed for all patients as available in
the medical record.

Results

Study population

Of 1,790 lung transplants performed
during the study period from January
2000 through December 2021, 127
native lung transplants occurred for a
diagnosis of SSc (Fig. 1). 110 patients
received a double lung transplant, 15
patients a single lung transplant, and 2
patients concurrently received a heart
and double lung transplant. One patient
underwent a native lung transplant and
later a retransplant for chronic lung al-
lograft dysfunction during the study
period, with only the native lung trans-
plant included in the data analysis. We
included all patients with a diagnosis of
SSc receiving a lung transplant in the
defined period, including those with
primarily SSc-PAH and minimal to no
ILD. As many patients exhibit features
of both SSc-ILD and SSc-PAH, we
chose not to artificially dichotomise the
study population into these two groups
but rather to evaluate the burden of
ILD and vascular disease in all pa-
tients. As not all patients received their
rheumatology care and workup at our
institution, there was significant miss-
ing autoantibody data, and we did not
have autoantibody data on sufficient
patients to draw conclusions regarding
the association of autoantibody status
with a particular histopathology pattern
or features.

Histopathology patterns at explant

Usual interstitial pneumonia (UIP)
was identified in 111 explants (87.4%)
and NSIP in 45 (35.4%) explants (Ta-
ble I). Concurrent areas of both UIP
and NSIP were identified in 37 ex-
plants (29.1%), while only 9 explants
(7.1%) showed neither UIP nor NSIP.
Less common histopathology patterns
included organising pneumonia, lym-
phocytic bronchitis, and respiratory
and/or follicular bronchiolitis (Table
II). Of the patients with organising
pneumonia, 1 was identified to have
overlap with rheumatoid arthritis, 1
had concurrent autoimmune hepatitis

1,790 lung transplants performed
from 2000-2021

‘ 165 transplants for CTD-ILD ‘

128 transplants for SSc (ILD and/or
PAH)

| 127 native lung transplants

73 female (57.5%)
54 male (42.5%)

110 double lung
15 single lung
2 heart/lung

Fig. 1. Flow diagram of the cohort.

CTD-ILD: connective tissue disease-associated
interstitial lung disease; SSc: systemic sclerosis;
PAH: pulmonary arterial hypertension.

(with prior liver transplantation), 3 had
anti-Scl70 autoantibodies, 1 had Th/
To and SSA autoantibodies, and 1 had
anti-centromere antibody, although au-
toantibody data was not available on all
patients. Emphysema was noted in 16
patients (12.6%), consistent with prior
descriptions of combined pulmonary
fibrosis with emphysema occurring in
SSc-ILD, typically in patients who are
current or former smokers (23). In the
subset of patients with autoantibody
data available, 42 had a defined SSc
antibody (Table III). Given the limited
number of patients with autoantibody
data, we could not make strong asso-
ciations with histopathology patterns;
however, the increased prevalence of
predominantly vascular disease with
little to no ILD in centromere patients
was notable.

Diffuse alveolar damage consistent
with acute lung injury, possibly stem-
ming from an acute exacerbation of dis-
ease, was noted in 18 (14.2%) explants
(Table IT). While acute exacerbations of
idiopathic pulmonary fibrosis are a well
described event occurring in 8-14% of
patients with IPF each year (24, 25),
their presence in SSc-ILD has also been
noted (26, 27). The presence of diffuse
alveolar damage alone cannot confirm
an acute exacerbation in these patients,
as it can also result from drug toxicity,
acute respiratory distress syndrome,
toxic inhalants, and infection.

Clinical and Experimental Rheumatology 2023
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Table I. Presence of UIP and NSIP pattern in explanted SSc-ILD lungs.

Histopathology Number of samples (%)

UIP 111 (87.4)

NSIP 45 (354)

No UIP 16 (12.6) 6-predominant vascular disease, 2-emphysema, and
vascular disease, 8-temporally homogenous NSIP

Both NSIP and UIP 37 (29.1)

Neither UIP nor NSIP 9 (7.1) 7- predominant vascular disease, 1-emphysema and

vascular disease, 1-DAD and vascular disease

SSc-ILD: systemic sclerosis-associated interstitial lung disease; UIP: usual interstitial pneumonia;
NSIP: non-specific interstitial pneumonia; DAD: diffuse alveolar damage.

Table II. Less frequent histopathologic patterns in explanted SSc-ILD lungs.

Histopathology Number of samples (%)
Diffuse alveolar damage/acute lung injury 18 (14.2)
Organizing pneumonia 11 (8.6)
Respiratory/follicular bronchiolitis 12 94)
Lymphocytic bronchitis 2 (1.6)
Metaplastic ossification 20 (15.7)

SSc-ILD: systemic sclerosis-associated interstitial lung disease.

Table III. Histopathologic patterns for patients with known SSc-associated autoantibody.

Antibody positivity Histopathology

Scl-70 UIP: n=12

NSIP: n=3

UIP and NSIP: n=8

Emphysema and vascular disease: n=1
UIP: n=1

NSIP: n=2

UIP and NSIP: n=1

Vascular disease predominant: n=3
UIP: n=3

UIP and NSIP: n=2

UIP and NSIP: n=1
NSIP: n=1
UIP and NSIP: n=1
NSIP: n=1
UIP and NSIP: n=2

Centromere

Th/To

U11/U12 RNP
Ul RNP

RNApol3

UIP: usual interstitial pneumonia; NSIP: non-specific interstitial pneumonia.

Table IV. Pathology comparison between biopsy and subsequent explant in select patients.

Surgical lung biopsy pathology Lung explant pathology
NSIP UIP

NSIP (N=2) UIP and NSIP (N=2)
NSIP with DAD UIP

Respiratory bronchiolitis UIP

Organizing pneumonia UIP

Organizing pneumonia with DAD UIP

Emphysema, lung cancer UIP and NSIP

UIP: usual interstitial pneumonia; NSIP: non-specific interstitial pneumonia; DAD: diffuse alveolar
damage.
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Prior surgical lung biopsies

Pathology results were available from
a prior surgical lung biopsy for nine-
teen patients, with a median of 4 years
(range 0.25-16) and mean of 5.5 years
between the biopsy and transplant.
Eleven patients maintained the same
primary pathology on biopsy and ex-
plant (2 NSIP, 9 UIP), with 8 patients
showing different primary pathology at
the two timepoints (Table IV, Fig. 2).
Notably, all patients with a change in
histopathology between the timepoints
exhibited UIP on explant, confirming
that patients can evolve from other his-
topathologies to UIP.

Aspiration on histology

Oesophageal disease is common in
patients with SSc, and can influence
transplant eligibility at some centres.
While a lack of findings on histopathol-
ogy does not exclude prior aspiration,
features including intraluminal fibro-
blast plugs of organising pneumonia,
multinucleated giant cells, granulomas,
peribronchiolar fibrosis and the iden-
tification of aspirated food particles
can implicate its presence. There was
strong evidence of prior aspiration (Ta-
ble V, Fig. 3) in 49 (38.6%) explants.
This percentage likely underestimates
the true burden of aspiration-related
lung injury, with sampling error, tem-
porality of aspiration to time of trans-
plant surgery, potential underreporting
of findings, and non-specific nature of
aspiration-related histology all poten-
tially leading to underestimate.

Pulmonary vascular disease

Most patients had evidence of pulmo-
nary hypertension or vasculopathy on
explant with the most common findings
including pulmonary artery atheroscle-
rosis, occlusive fibrointimal elastosis,
vessel medial hypertrophy and myoin-
timal thickening, and plexiform lesions
(Table 6, Fig. 4). Alveolar hemosidero-
sis was also noted in 13 (10.2%) ex-
plants, which may reflect prior repeated
episodes of alveolar haemorrhage. In
total 101 (79.5%) explants had pul-
monary vascular disease identified on
histopathology report. 116 (94.3%) of
123 patients with available data had
pulmonary hypertension as defined by a
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Fig. 2. Histology of surgical lung biopsy and subsequent native lung explant in four matched cases.
The initial biopsy images (A, C, E, G) show relatively uniform interstitial expansion and fibrosis,
consistent with an NSIP pattern. The explant images (B, D, F, H) demonstrate patchy involvement
with variable degrees of fibrosis, consistent with a UIP pattern. Time between biopsy and subsequent

transplant was 11 years for A/B, 4 years 5 months for C/D, 8 years for E/F, and 11 years for G/H.

Table V. Airway centric pathology findings suggestive of aspiration.

Airway-centric histopathology features Number of samples (%)
Cholesterol clefts 19 (15)

Giant cells 26 (20.5)
Granulomas 38 (29.9)

Food particles 1 (0.8)

Any signs of aspiration 49 (38.6)

mPAP =20mmHg, PVR>2 Wood units
and pulmonary capillary wedge pres-
sure <I5mmgHg and/or requiring pul-
monary vasodilators (not prescribed for
Raynaud’s). The majority of right heart
catheterisation measurements were per-
formed within 6 months of lung trans-
plantation. Patients with minimal to
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no ILD on histology were more likely
to have severe occlusive fibrointimal
elastosis and plexogenic pulmonary
arteriopathy reported. Two patients re-
ceived a concurrent heart and double
lung transplant, with one demonstrating
plexogenic pulmonary arteriopathy and
respiratory bronchiolitis with smoker’s

macrophages (former smoker) on his-
tology, and the second demonstrating
severe pulmonary arteriopathy with
diffuse alveolar damaging and cardio-
megaly with mild subendocardial and
interstitial fibrosis on histology.

Additional histology findings

Pleuritis was noted in 12 (9.5%) ex-
plants, with no vasculitis or capillaritis
identified. Other significant findings in-
cluded previously unidentified throm-
boembolism in 8 (6.3%) explants, em-
physema in 16 (12.6%) explants, and
tumours in 6 (4.72%) explants. The 6
tumours included 3 carcinoid tumour-
lets, 1 pulmonary chondroid hamar-
toma, 1 metastatic breast carcinoma,
and 1 invasive lung adenocarcinoma.
Metaplastic/dendriform  ossification,
the development of ossified nodules in
the lung parenchyma, was identified in
20 (15.7%) explants- consistent with
previous reports of its presence in 10-
20% of patients with fibrotic ILD (28,
29). No patients were reported to have
pleuroparenchymal fibroelastosis, al-
though its presence has been noted ra-
diographically in patients with systemic
sclerosis (30).

Pathology correlation

with chest imaging

CT chest imaging reports from prior
to lung transplant were available for
120 patients. The proportion of CTs
containing common imaging features
(pulmonary artery dilation, ground
glass opacities, reticulation, traction
bronchiectasis, honeycombing, and
oesophageal dilation) were noted for
four pathology groups (Fig. 5). Ground
glass opacities were most common in
the NSIP only group (57.1%), however
also present in many patients with UIP
only (24.3%) or concurrent UIP and
NSIP (30%) on explant. Oesophageal
dilation was more common in patients
with UIP (57.1%) and concurrent UIP
and NSIP (45.9%) compared to those
with NSIP only (28.6%) or vascular
predominant disease (16.7%). As these
CT chests were performed over a long-
time range (1998-2021), thickness of
the image slice and image quality var-
ied. As radiologic ‘definitions’ for UIP,
NSIP, and other patterns also varied

Clinical and Experimental Rheumatology 2023
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Fig. 3. Histopathology features of aspiration in SSc-ILD explants. Explanted lungs with fibrosis and
airspaces filled with foamy macrophages and cholesterol clefts. (A, B) Foreign material and associated
lymphoplasmacytic infiltrate. (C) Multinucleated giant cells associated with the cholesterol clefts. (D)
Involved airspaces with adjacent organising pneumonia.

Table VI. Pulmonary vascular disease findings on histology.

Pulmonary vascular disease features

Number of samples (%)

Medial hypertrophy/myointimal thickening 79 (62.2)
Advanced pulmonary atherosclerosis 31 (24.4)
Alveolar hemosiderosis 13 (10.2)
Occlusive fibrointimal elastosis 9 (7.1)
Plexiform lesions 6 (4.7)
Any vasculopathy feature 101 (79.5)

Fig. 4. Histopathology findings of pulmonary hypertension in SSc-ILD explants.
Small pulmonary arteries with features of pulmonary arterial hypertension including intimal thickening
and medial hypertrophy.

over this time course, we have focused
on imaging features rather than radiol-
ogy pattern names from the available
imaging studies.

Clinical and Experimental Rheumatology 2023

Discussion

Understanding the histopathology and
active mechanisms in patients with ad-
vanced SSc-ILD is imperative as these

patients have the highest unmet need
for strategies to improve long-term
outcomes. We identified that UIP is the
predominant histopathology in patients
with SSc receiving a lung transplant,
with many patients concurrently hav-
ing both NSIP and UIP, or showing
a progression from NSIP to UIP over
time. Additionally, isolated pulmonary
hypertension or ILD was rare in this
advanced cohort, with most patients
having both ILD and significant vascu-
lar disease at the time of transplant.
We identified eight patients with a
change in primary histopathology pat-
tern between lung biopsy and transplan-
tation, all of whom had UIP on explant
histology. Others have previously noted
that patients with NSIP on lung biop-
sy may be later recategorised as UIP
based on re-biopsy, lung transplant, or
continued radiographic imaging- with
their histology typically having “exten-
sive NSIP-like areas in otherwise con-
ventional UIP” (31). This occurrence
could be due to sampling limitations
or the surgical selection of biopsy site,
as a prior analysis of multi-lobe surgi-
cal biopsies for ILD diagnosis identi-
fied different diagnoses between lobes
in 26% of patients (n=28 of 109) (32).
This study identified no difference in
the survival of patients with UIP in all
lobes versus those discordant for NSIP
and UIP in different lobes, however,
did find improved survival in patients
with NSIP in all lobes, supporting the
common practice that patients with a
histologic pattern of UIP in any area
of lung tissue are classified overall as
having UIP. Katzenstein et al. also pre-
viously evaluated the evolution of ILD
pathology in 20 patients receiving a
lung transplant after previous surgical
lung biopsies (33). They observed that
NSIP-like areas were present in 12 of
15 biopsies and 16 of 20 explant speci-
mens from patients with UIP, with ex-
tensive NSIP-like areas noted in many
of these samples. Unlike our study, they
did not identify any cases of explants
showing UIP that were proceeded by
biopsy findings of NSIP. Of note, only
2 patients in this study had a clinical di-
agnosis of autoimmune disease (1 SSc,
1 polymyositis).

Despite over twenty years of substantial
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Proportion of CT Chests with Imaging Feature

CT Chest proportion

B UIP (n=70)

B NSIP (n=7)

B UIP and NSIP (n=37)

B Vascular Disease Predominant
(n=6)

Fig. 5. 120 patients had available imaging reports from CT chest imaging prior to lung transplanta-
tion. Imaging features identified by the interpreting radiologist were noted, with graph depicting the
proportion of CT chests for each group that noted the particular feature. Patients were divided based
on explant pathology into the groups of: UIP, NSIP, UIP and NSIP, and vascular predominant disease.

progress in the field of ILD since this
study of lobar histology was published,
numerous questions remain regarding
the connection between NSIP and UIP.
Do patients progress from NSIP in early
stages to UIP in later disease? If so, then
why are some found to have UIP in ear-
ly disease and why do some still have
only NSIP at transplant? Do NSIP and
UIP develop concurrently in different
areas of lung parenchyma due to unique
mechanisms, either related to the se-
verity of injury or to the nature of the
injury? If so, where does the NSIP go
in those patients who transition to UIP
by transplant? While our data supports
the hypothesis that NSIP progresses to
UIP, we cannot exclude the possibility
that in the explanted lungs with NSIP
and UIP, these patterns occurred due
to different local mechanisms-such as
increased immunologic derangement
and/or vasculopathy in areas of NSIP
versus increased epithelial injury due to
aspiration in areas of UIP.

Although most SSc lung pathology
studies have utilised biopsies in early
disease, lung explant pathology has
been reported in more limited cohorts.
A 2021 study examining fundoplication
post lung transplant in 36 patients with
SSc noted the presence of UIP on ex-
plant in 13 patients (36.1%) and NSIP
on explant in 23 patients (63.9%) (34).
Eleven patients were noted to have di-
agnoses of other autoimmune disease
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as well including systemic lupus ery-
thematosus, Sjogren’s syndrome, rheu-
matoid arthritis, dermatomyositis, and
polymyositis which may have biased
the pathology distribution. Neverthe-
less, the discordant rates of UIP in this
transplant population and ours could
result from different selection criteria
for lung transplant candidacy between
institutions, subjective interpretation
differences by different pathologists,
reporting difference on including all
versus only the predominant pattern,
or random variation in the patterns of
disease. More consistent with our ob-
servations, another single-centre study
previously reported lung transplant
outcomes from 14 patients with SSc,
noting that 9 (64.3%) explants had
UIP, 4 explants had NSIP (28.6%), and
2 (14%) had both UIP and NSIP on pa-
thology (35). The predominance of an
SSc-ILD vs SSc-PAH phenotype in the
patients was also not detailed in prior
studies.

In survival analyses of patients with
SSc and other ILDs, NSIP (or non-
UIP pattern) is consistently associated
with improved mortality compared to
UIP. Patients are typically classified
to such group assignments based on
their initial CT (or pathology), how-
ever this may misinform the expected
trajectory of patients who evolve from
NSIP to UIP. Perhaps the ILD commu-
nity should revisit whether the earliest

or the latest timepoint CT or pathol-
ogy pattern is the best way to classify
such patients. Additionally, our work
raises the question of how early versus
late developing UIP groups differ- in-
cluding possible differences in genetic
polymorphisms, environmental expo-
sures, and other clinical manifestations
such as oesophageal disease that merit
further study. The increased prevalence
of oesophageal dilation on CT imag-
ing in patients with UIP, compared to
those with no UIP, could support an in-
creased role of epithelial injury in this
subset.

As a large volume lung transplant cen-
tre that historically has not excluded
patients from transplant listing based
on oesophageal disease, we routinely
transplant patients with SSc and were
uniquely positioned to perform this
study. By utilising explanted lung tis-
sues only, our study has a selection bias
for patients with severe SSc-ILD and is
intended to reflect only this advanced
cohort rather than the entire SSc-ILD
patient population. While our study
was limited by its retrospective design,
all histopathology review was per-
formed at the time of transplant as part
of routine clinical care. Biases of in-
dividual pathologists towards over- or
under-calling specific patterns cannot
be excluded from effecting our work
or the previous histopathology case se-
ries(6). However, as the explant tissues
in our study were examined by a total
of 7 different thoracic pathologists, we
believe this is unlikely to have a sig-
nificant effect on our findings. As many
patients did not receive their rheuma-
tology care at our institution, there was
significant missing data on disease du-
ration and extent of skin involvement,
which could not be included in our
analyses.

As the largest series of SSc pulmonary
explant pathology, our study confirms
previous observations that NSIP pro-
gresses to UIP in many patients with
advanced ILD and highlights the need
to include tissues from SSc patients
with UIP in translational research mov-
ing forward. Finding evidence of aspi-
ration in such a large percentage of the
explanted lungs again raises the con-
cern for the contribution of aspiration

Clinical and Experimental Rheumatology 2023
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to

SSc-ILD pathogenesis. Our work

also demonstrates that most patients
with SSc and advanced respiratory
disease have both ILD and PH, with
a wide range of disease severity for
both pathologies, rather than a dichoto-
mous divide of patients with SSc and
pulmonary disease into SSc-PAH and
SSC-ILD(+ PH). More work is needed
to identify those with SSc-ILD at great-
est risk of progression in order to guide
earlier and more aggressive therapy in
these patients, as well as the enrichment
of clinical trial cohorts.

References

1

10.

. STEEN VD, MEDSGER TA: Changes in causes

of death in systemic sclerosis, 1972-2002.
Ann Rheum Dis 2007; 66(7): 940-4.
https://doi.org/10.1136/ard.2006.066068

. ELHAI M, MEUNE C, BOUBAYA M et al.:

Mapping and predicting mortality from sys-
temic sclerosis. Ann Rheum Dis 2017; 76(11):
1897-905. https://
doi.org/10.1136/annrheumdis-2017-211448

. JANG HJ, WOO A, KIM SY et al.: Characteris-

tics and risk factors of mortality in patients
with systemic sclerosis-associated interstitial
lung disease. Ann Med 2023; 55(1): 663-71.
https://
doi.org/10.1080/07853890.2023.2179659

. BERGAMASCO A, HARTMANN N, WALLACE

L, VERPILLAT P: Epidemiology of systemic
sclerosis and systemic sclerosis-associated
interstitial lung disease. Clin Epidemiol
2019; 11: 257-73.
https://doi.org/10.2147/clep.S191418

. BUENO M, PAPAZOGLOU A, VALENZI E,

ROJAS M, LAFYATIS R, MORA AL: Mitochon-
dria, aging, and cellular senescence: implica-
tions for scleroderma. Curr Rheumatol Rep
2020; 22(8): 37.

https://doi.org/10.1007/511926-020-00920-9

. BOUROS D, WELLS AU, NICHOLSON AG et

al.: Histopathologic subsets of fibrosing alve-
olitis in patients with systemic sclerosis and
their relationship to outcome. Am J Respir
Crit Care Med 2002; 165(12): 1581-6.
https://doi.org/10.1164/rccm.2106012

. HSU E, SHI H, JORDAN RM, LYONS-WEILER

J, PILEWSKI JM, FEGHALI-BOSTWICK CA:
Lung tissues in patients with systemic scle-
rosis have gene expression patterns unique to
pulmonary fibrosis and pulmonary hyperten-
sion. Arthritis Rheum 2011; 63(3): 783-94.
https://doi.org/10.1002/art.30159

. VALENZI E, BULIK M, TABIB T et al.

Single-cell analysis reveals fibroblast hetero-
geneity and myofibroblasts in systemic scle-
rosis-associated interstitial lung disease. Ann
Rheum Dis 2019; 78(10): 1379-87. https://
doi.org/10.1136/annrheumdis-2018-214865

. FUJITAJ, YOSHINOUCHI T, OHTSUKI Y et al.:

Non-specific interstitial pneumonia as pul-
monary involvement of systemic sclerosis.
Ann Rheum Dis 2001; 60(3): 281-3.
https://doi.org/10.1136/ard.60.3.281
GOLDIN JG, LYNCH DA, STROLLO DC et al.:

Clinical and Experimental Rheumatology 2023

12.

13.

14.

16.

18.

20.

High-resolution CT scan findings in patients
with symptomatic scleroderma-related inter-
stitial lung disease. Chest 2008; 134(2): 358-
67. https://doi.org/10.1378/chest.07-2444

. REMY-JARDIN M, REMY J, WALLAERT B,

BATAILLE D, HATRON PY: Pulmonary in-
volvement in progressive systemic sclerosis:
sequential evaluation with CT, pulmonary
function tests, and bronchoalveolar lavage.
Radiology 1993; 188(2): 499-506. https://
doi.org/10.1148/radiology.188.2.8327704
OKAMOTO M, FUJIMOTO K, SADOHARA J et
al.: A retrospective cohort study of outcome
in systemic sclerosis-associated interstitial
lung disease. Respir Investig 2016; 54(6):
445-53.
https://doi.org/10.1016/j.resinv.2016.05.004
GALIE N, HUMBERT M, VACHIERY JL et al.:
2015 ESC/ERS Guidelines for the diagnosis
and treatment of pulmonary hypertension:
The Joint Task Force for the Diagnosis and
Treatment of Pulmonary Hypertension of the
European Society of Cardiology (ESC) and
the European Respiratory Society (ERS):
Endorsed by: Association for European Pae-
diatric and Congenital Cardiology (AEPC),
International Society for Heart and Lung
Transplantation (ISHLT). Eur Respir J 2015;
46(4): 903-75.
https://doi.org/10.1183/13993003.01032-2015
FISCHER A, SWIGRIS JJ, BOLSTER MB et al.:
Pulmonary hypertension and interstitial lung
disease within PHAROS: impact of extent of
fibrosis and pulmonary physiology on car-
diac haemodynamic parameters. Clin Exp
Rheumatol 2014; 32 (Suppl. 86): S109-14.

. CHAUVELOT L, GAMONDES D, BERTHILLER

J et al.: Hemodynamic response to treatment
and outcomes in pulmonary hypertension as-
sociated with interstitial lung disease versus
pulmonary arterial hypertension in systemic
sclerosis: data from a study identifying prog-
nostic factors in pulmonary hypertension as-
sociated with interstitial lung disease. Arthri-
tis Rheumatol 2021; 73(2): 295-304.
https://doi.org/10.1002/art.41512
BHARADWAIJ S, TANDON P, GOHEL T et al.:
Gastrointestinal manifestations, malnutri-
tion, and role of enteral and parenteral nu-
trition in patients with scleroderma. J Clin
Gastroenterol 2015; 49(7): 559-64. https://
doi.org/10.1097/mcg.0000000000000334

. D’OVIDIO F, SINGER LG, HADIJILIADIS D et

al.: Prevalence of gastroesophageal reflux in
end-stage lung disease candidates for lung
transplant. Ann Thorac Surg 2005; 80(4):
1254-60. https://
doi.org/10.1016/j.athoracsur.2005.03.106
SEHGAL S, PENNINGTON KM, ZHAO H, KEN-
NEDY CC: Lung transplantation in systemic
sclerosis: a practice survey of United States
lung transplant centers. Transplant Direct
2021; 7(10): €757. https://
doi.org/10.1097/txd.0000000000001209

. MINK SN, MAYCHER B: Comparative mani-

festations and diagnostic accuracy of high-
resolution computed tomography in usual
interstitial pneumonia and nonspecific in-
terstitial pneumonia. Curr Opin Pulm Med
2012; 18(5): 530-4. https://
doi.org/10.1097/mcp.0b013e3283568026
STAATS P, KLIGERMAN S, TODD N, TAVORA

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

F, XU L, BURKE A: A comparative study of
honeycombing on high resolution computed
tomography with histologic lung remodeling
in explants with usual interstitial pneumonia.
Pathol Res Pract 2015; 211(1): 55-61.
https://doi.org/10.1016/j.prp.2014.08.013
BRUNI C, CHUNG L, HOFFMANN-VOLD AM
et al.: High-resolution computed tomography
of the chest for the screening, re-screening
and follow-up of systemic sclerosis-associat-
ed interstitial lung disease: a EUSTAR-SCTC
survey. Clin Exp Rheumatol 2022; 40(10):
1951-5. https://
doi.org/10.55563/clinexprheumatol/7ry6zz
CRESPO MM, BERMUDEZ CA,DEW MA et al.:
Lung transplant in patients with scleroderma
compared with pulmonary fibrosis. short-
and long-term outcomes. Ann Am Thorac Soc
2016; 13(6): 784-92. https://
doi.org/10.1513/annalsats.201503-1770c
CHAMPTIAUX N, COTTIN V, CHASSAGNON G
et al.: Combined pulmonary fibrosis and em-
physema in systemic sclerosis: A syndrome
associated with heavy morbidity and mortal-
ity. Semin Arthritis Rheum 2019; 49(1): 98-
104. https://
doi.org/10.1016/j.semarthrit.2018.10.011
COLLARD HR, MOORE BB, FLAHERTY KR
et al.: Acute exacerbations of idiopathic pul-
monary fibrosis. Am J Respir Crit Care Med
2007; 176(7): 636-43.
https://doi.org/10.1164/rccm.200703-463PP
KONDOH Y, TANIGUCHI H, KATSUTAT et al.:
Risk factors of acute exacerbation of idio-
pathic pulmonary fibrosis. Sarcoidosis Vasc
Diffuse Lung Dis 2010; 27(2): 103-10.

PARK IN,KIM DS, SHIM TS et al.: Acute exac-
erbation of interstitial pneumonia other than
idiopathic pulmonary fibrosis. Chest 2007;
132(1): 214-20.
https://doi.org/10.1378/chest.07-0323
ENOMOTO N, NAOI H, MOCHIZUKAY et al.:
Frequency, proportion of PF-ILD, and prog-
nostic factors in patients with acute exacerba-
tion of ILD related to systemic autoimmune
diseases. BMC Pulm Med 2022; 22(1): 387.
https://doi.org/10.1186/s12890-022-02197-3
EGASHIRA R, JACOB J, KOKOSI MA et al.:
Diffuse pulmonary ossification in fibrosing
interstitial lung diseases: prevalence and as-
sociations. Radiology 2017; 284(1): 255-63.
https://doi.org/10.1148/radiol 2017152419
GRUDEN JF, GREEN DB, LEGASTO AC, JENS-
EN EA, PANSE PM: Dendriform pulmonary
ossification in the absence of usual intersti-
tial pneumonia: CT features and possible as-
sociation with recurrent acid aspiration. AJR
Am J Roentgenol 2017; 209(6): 1209-15.
https://doi.org/10.2214/ajr.17.18063

SARI A, ONDER O, ARMAGAN B et al.:
Pleuroparenchymal fibroelastosis in sys-
temic sclerosis-associated interstitial lung
disease. Turk J Med Sci 2022; 52(1): 83-8.
https://doi.org/10.3906/sag-2107-13
SAKETKOO LA, MITTOO S, HUSCHER D et
al.: Connective tissue disease related intersti-
tial lung diseases and idiopathic pulmonary
fibrosis: provisional core sets of domains and
instruments for use in clinical trials. Thorax
2014; 69(5): 428-36. https://
doi.org/10.1136/thoraxjnl-2013-204202
FLAHERTY KR, TRAVIS WD,COLBY TV et al.:

1677



Lung histopathology in advanced SSc / E. Valenzi et al.

33.

Histopathologic variability in usual and non-
specific interstitial pneumonias. Am J Respir
Crit Care Med 2001; 164(9): 1722-7. https://
doi.org/10.1164/ajrccm.164.9.2103074

KATZENSTEIN AL, ZISMAN DA, LITZKY LA,
NGUYEN BT, KOTLOFF RM: Usual interstitial
pneumonia: histologic study of biopsy and

1678

explant specimens. Am J Surg Pathol 2002;
26(12): 1567-77. https://
doi.org/10.1097/00000478-200212000-00004

. LEIVA-JUAREZ MM, URSO A, COSTA J STANI-

FER BP et al.: Fundoplication after lung trans-
plantation in patients with systemic sclero-
sis-related end-stage lung disease. J Scle-

roderma Relat Disord 2021; 6(3): 247-55.
https://doi.org/10.1177/23971983211016210

35. SAGGAR R, KHANNA D, FURST DE et al.:

Systemic sclerosis and bilateral lung trans-
plantation: a single centre experience. Eur
Respir J 2010; 36(4): 893-900.

https://doi.org/10.1183/09031936.00139809

Clinical and Experimental Rheumatology 2023



