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Abstract: Interstitial lung disease is a relatively frequent manifestation of systemic sclerosis
with approximately one-third of patients developing clinical restrictive lung disease. Fibrotic
nonspecific interstitial pneumonia is the most common cause of diffuse parenchymal

lung disease in patients with systemic sclerosis-associated interstitial lung disease
(SSc-ILD), followed by usual interstitial pneumonia (UIP). Radiographic pleuroparenchymal
fibroelastosis-like changes may accompany other forms of interstitial lung disease, most
commonly UIP. In an appropriate clinical setting with supportive high-resolution computed
tomography findings, lung biopsy is not needed to confirm the presence of interstitial lung
disease and surgical lung biopsies are often reserved for atypical presentations. In this
review, we discuss the histological findings that define the most common patterns of SSc-ILD
and outline other findings sometimes encountered in lung biopsies obtained from systemic
sclerosis patients, including pulmonary vascular changes, aspiration, chronic pleuritis, and

diffuse alveolar damage.
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Introduction

Interstitial lung disease is a common manifesta-
tion of systemic sclerosis and is included as a cri-
teria for the classification of systemic sclerosis in
the 2013 American College of Rheumatology/
European League Against Rheumatism scoring
system.! The largest autopsy studies to date have
shown that moderate-to-severe pulmonary fibro-
sis occurs in approximately 75% of patients with
systemic sclerosis,?3 but only about one-third of
patients will develop clinical restrictive lung dis-
ease. Risk factors for systemic sclerosis-associated
interstitial lung disease (SSc-ILD) include diffuse
cutaneous systemic sclerosis, male sex, African
American race, and the presence of anti-Scl-70
antibodies.®> Interstitial lung disease ultimately
accounts for about 20% of all causes of systemic
sclerosis-related deaths.®

Surgical lung biopsies are performed infrequently
on systemic sclerosis patients, since multiple
studies have shown fibrotic nonspecific interstitial
pneumonia (NSIP) is the most common cause of
diffuse parenchymal lung disease in patients with

SSc-ILD.7# In the setting of supportive clinical
findings and a restrictive ventilatory defect on
pulmonary function tests, the presence of reticu-
lar and/or ground-glass opacities on high-resolu-
tion computed tomography (HRCT) is sufficient
for the diagnosis of NSIP.%!0 Usual interstitial
pneumonia (UIP) occurs less frequently than
NSIP but, in the context of appropriate HRCT
changes, confirmatory lung biopsy is often not
needed for the diagnosis. Therefore, surgical lung
biopsies tend to be reserved for atypical radio-
graphic presentations or patients for whom there
may be other clinical (e.g., smoking-related lung
disease) or environmental (e.g., antigenic expo-
sures to mold, thermophilic bacteria, or animal
proteins) factors that raise concerns for diagnostic
alternatives. Finally, pleuroparenchymal fibrosis
(PPFE) is a rare cause of interstitial lung disease
that has been radiographically described in sys-
temic sclerosis patients with variable frequency,
often accompanying other forms of lung disease.

In this review, we discuss the histological findings
that define the most common patterns of
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Table 1. Comparison of histologic features helpful in differentiating fibrotic NSIP, UIP, and PPFE.

Histologic feature Fibrotic NSIP uiP PPFE

Distribution of fibrosis Uniform Subpleural, lower Subpleural, upper
lobe-predominant lobe-predominant

Fibroblastic foci Absent Present Absent

Confluent scarring Absent Present Present

Honeycomb change Absent Present Absent

NSIP, nonspecific interstitial pneumonia; PPFE, pleuroparenchymal fibroelastosis; UIP, usual interstitial pneumonia.

SSc-ILD. Additionally, we outline other pulmo-
nary findings sometimes encountered in lung biop-
sies obtained from systemic sclerosis patients.

Nonspecific interstitial pneumonia

NSIP is the most common interstitial pneumonia
reported in patients with SSc-ILD, discovered in
more than two-thirds of patients who undergo
lung biopsy for evaluation of diffuse parenchymal
lung disease.”-8 NSIP has been described as a man-
ifestation of not only systemic sclerosis but also
other forms of systemic connective tissue disease.
It may also occur in the settings of drug-induced
lung disease, certain environmental exposures,
chronic lung disease following an episode of dif-
fuse alveolar damage (DAD), or it may be idio-
pathic.11:12 Occasionally, patients who are initially
diagnosed with idiopathic NSIP are later discov-
ered to have underlying systemic connective tissue
disease (CTD) and are re-categorized as CTD-
associated NSIP.!3:14 Pathologic assessment can-
not reliably distinguish between those cases with
an underlying etiology or association and idio-
pathic NSIP, emphasizing the importance of mul-
tidisciplinary discussion as part of the diagnostic
pathway. While certain histologic features, such as
degree of lymphoid hyperplasia, are reported more
commonly in specific connective tissue diseases,
the positive predictive value of these findings is
low, and NSIP as a manifestation of SSc-ILD is
morphologically indistinguishable from other
causes on the basis of histology alone.11-15

Histologically, NSIP is characterized by expan-
sion of the alveolar interstitium by a combination
of inflammation and fibrosis. The interstitial
abnormality may be diffuse or patchy with areas of
intervening more normal-appearing lung paren-
chyma. Whether diffuse or patchy, the interstitial
changes are qualitatively uniform, lacking the

temporal and regional heterogeneity characteristic
of UIP. NSIP also lacks the architecturally-dis-
torting scarring or honeycomb change typical of
UIP (Table 1).1

The inflammatory infiltrate is a mixture of lym-
phocytes and plasma cells. The profusion of
plasma cells and lymphoid aggregates with germi-
nal centers is variable, but tends to be greater in
patients with underlying connective tissue dis-
ease, including systemic sclerosis, compared with
patients with idiopathic NSIP.1¢ Fibroblast foci
are rare and the fibrosis tends to consist of dense
collagen deposition. Although most cases com-
prise a mixture of inflammation and fibrosis, one
component may predominate, resulting in what is
referred to as cellular or fibrotic NSIP (Figure
la,b). In systemic sclerosis patients with NSIP,
the fibrotic variant is more common than the cel-
lular variant, representing more than three-quar-
ters of cases.”-8 A distal airspace exudate in which
macrophages predominate sometimes accompa-
nies the interstitial abnormality, likely accounting
for descriptions of desquamative interstitial pneu-
monia (DIP) in rare patients with systemic sclero-
sis.1?” With the current classification scheme,
systemic sclerosis patients with “DIP-like”
changes are best categorized as NSIP.18

While studies have shown a survival benefit for
patients with all causes of cellular NSIP compared
with fibrotic NSIP,11:19:20 this has not been shown
to be true in systemic sclerosis, where no signifi-
cant survival difference has been found between
the histologic subtypes. Functional severity of dis-
ease as measured by diffusing capacity of carbon
monoxide at time of diagnosis appears to be a
reproducible predictor of survival.” Regardless of
subtype, systemic sclerosis patients with NSIP
tend to experience longer survival than those with
UIP.8 In systemic sclerosis-associated NSIP, the

journals.sagepub.com/home/tab


https://journals.sagepub.com/home/tab

Figure 1. NSIP is characterized by uniform expansion of the interstitium with preservation of the underlying
alveolated lung architecture. In cellular NSIP (a), the interstitial abnormality is predominated by a chronic
inflammatory infiltrate, comprised mainly of lymphocytes and plasma cells, whereas fibrotic NSIP (b) is
relatively paucicellular and consists mainly of collagenous fibrosis.

NSIP, nonspecific interstitial pneumonia.

presence of coexistent organizing pneumonia, a
variant that has been referred to by some as NSIP
with organizing pneumonia overlap, reportedly
has a better outcome than NSIP alone.?!:22

Usual interstitial pneumonia

Compared with NSIP, UIP is a relatively less
common pulmonary manifestation of systemic
sclerosis.”8 Like NSIP, UIP is a histologic pattern
observed in a variety of clinical settings. While UIP
usually occurs in patients with the clinical syn-
drome of idiopathic pulmonary fibrosis (IPF), it
may also be seen in the context of underlying sys-
temic connective tissue disease, asbestosis, or drug-
induced lung disease.!® Although patients with
systemic sclerosis-associated UIP (SSc-UIP) and
other forms of CTD-associated UIP, such as rheu-
matoid arthritis, may have a greater degree of lym-
phoid hyperplasia encountered on lung biopsy than
IPF patient samples, this finding is not specific.
There are no unique histologic clues that are con-
sistently helpful in differentiating SSc-UIP from
other causes of CTD-associated UIP or IPF on the
basis of morphology alone.23-25 Therefore, deter-
mining the possible underlying cause or association
for a patient’s pathologically diagnosed UIP is
entirely dependent upon the clinical context.

Although SSc-UIP may be morphologically indis-
tinguishable from idiopathic UIP, the mechanisms
underlying the pathogenesis of these interstitial
pneumonias are thought to differ. While a compre-
hensive understanding of the initiating events and

progression of IPF remain in evolution, there is
compelling evidence to suggest that repetitive epi-
thelial injury from a variety of toxic insults with
aberrant wound repair process culminates in pro-
gressive pulmonary fibrosis.2® Chronic epithelial
injury remains a suspected underlying mechanism
in systemic sclerosis; however, microvascular
injury and endothelial cell dysfunction seem to
play greater roles in the development of pulmo-
nary fibrosis in this patient population.27-28

UIP is a fibrosing chronic interstitial pneumonia
that results in interstitial expansion by fibrosis
that has a predilection for the subpleural lung
zones and interlobular septa, resulting in a
“patchwork” distribution. Regional heterogeneity
is a term often used to describe UIP, which refers
not only to the peripheral, lower lobe predomi-
nance of this chronic interstitial pneumonia but
also the variegated appearance between micro-
scopic fields. Confluent areas of fibrous scarring
are characteristic, but often variably conspicuous
and result in architectural distortion and lung
remodeling of the lung parenchyma. Cystically
dilated terminal bronchioles embedded within
areas of scarring, referred to as honeycomb
change, result in traction of the more proximal
airways.?® The combination of lung contracture
by scarring and honeycomb change may cause the
visceral pleura to assume a cobblestoned appear-
ance upon gross examination (Figure 2).

The fibrosis usually consists of dense collagen dep-
osition that may be accompanied by varying degrees
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Figure 2. Gross image of the lung’s visceral pleural
surface demonstrates a “cobblestone” appearance
in UIP.

UIP, usual interstitial pneumonia.

of smooth muscle hyperplasia and focal osseous
metaplasia. The junction between collagenous
fibrosis and normal-appearing lung tissue is punc-
tuated by variable numbers of fibroblast foci in
which there are loose, subepithelial aggregates of
fibroblasts and myofibroblasts, representing the
advancing front of end-stage fibrosis and account-
ing for the application of the term temporal hetero-
geneity to describe UIP (Figure 3 and Table 1).

Occasionally, patients initially thought to have
NSIP on lung biopsy are later re-categorized as
UIP either through continued radiographic follow
up, re-biopsy, or lung transplant. Histologically,
these cases are often discovered to have extensive
“NSIP-like” areas in otherwise conventional UIP
that is only appreciated with examination of the
subsequent biopsy or lung explant specimen.
Rather than reflecting an evolution from NSIP to
UIP, the discrepancy between initial and final
pathology is almost certainly sampling-related,
based upon surgical selection of biopsy sites.3%:3!
Additionally, many patients with UIP may have
radiologic features more typical of NSIP.32 Given
that, it seems almost certain that some patients

Figure 3. UIP results in a “patchwork” pattern

of fibrosis that is accompanied by architecturally
distorting scarring and microscopic honeycomb
change (black arrow head). Scattered fibroblastic foci
(asterisk] are seen as pale zones located at transition
points between scarred lung and more normal-
appearing lung parenchyma.

UIP, usual interstitial pneumonia.

presumed to have NSIP even after multidiscipli-
nary discussion will prove to have UIP over time.

Patients with SSc-UIP tend to experience a pro-
gressive clinical course not unlike that seen in indi-
viduals with IPF. However, overall survival is better
for patients with SSc-UIP than IPF, but worse
than patients with NSIP.825:33-35 Regardless of
severity of their histologic abnormality, age and
functional capacity by pulmonary function testing
are reported as the best predictors of survival in
patients with CTD-associated UIP.?5:33 Finally, a
subset of systemic sclerosis who are commonly
current or former smokers develop an interstitial
pneumonia, most often UIP, in the setting of radio-
graphic emphysema, an entity referred to as com-
bined pulmonary fibrosis and emphysema. These
patients have been reported to have a higher mor-
tality risk than individuals with SSc-ILD alone.3¢-37

Pleuroparenchymal fibroelastosis

PPFE is a rare cause of restrictive lung disease that
is most often idiopathic, but it has also been
described in several clinical settings, including as a
complication of bone marrow or lung transplant or
arising in association with connective tissue dis-
ease.’®40 It frequently coexists with other patho-
logic patterns, such as UIP, so, in this scenario, the
upper lobe abnormality might be regarded by some
as “PPFE-like” rather than diagnostic of PPFE
and UIP.41%2 Morphologically, PPFE is character-
ized by upper lobe-predominant, dense subpleural
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Figure 4. PPFE shows marked thickening of the visceral
pleura and subpleural lung zone by paucicellular
fibroelastosis. There is no honeycomb change, which is
an important clue in differentiating PPFE from UIP.
PPFE, pleuroparenchymal fibroelastosis; UIP, usual
interstitial pneumonia.

fibroelastosis and septal scarring, but without
honeycomb change (Figure 4 and Table 1). The
histologic findings overlap with apical cap and, on
a single site lung biopsy, establishing a diagnosis
of PPFE requires a supportive clinical and radio-
graphic context.

PPFE or PPFE-like lesions have been described in
systemic sclerosis patients predominantly in the
context of HRCT findings. Enomoto er al. found
that PPFE-like changes occurred in approximately
40% of cases, but frequently accompanied other
radiographic changes that most commonly fell
into the category of UIP or possible UIP.40 In the
largest study to date, Bonifazi eral reviewed
HRCT findings in 359 systemic sclerosis patients
and reported PPFE in 65 (18.1%) patients with-
out noting other patterns of interstitial lung dis-
ease.*? In the end, it is difficult to estimate the true
prevalence of isolated PPFE as a manifestation of
SSc-ILD. However, there is some evidence that
supports that PPFE-like features in systemic scle-
rosis patients represent an independent predictor
of poor prognosis, even in the setting of other his-
tologic patterns of interstitial lung disease.40-43

Pulmonary vascular changes

Pulmonary arterial hypertension is well described
in systemic sclerosis, particularly the limited vari-
ant, and some evidence seems to support that
pulmonary vasculopathies occur in the setting of
systemic sclerosis independent of the presence of
diffuse parenchymal lung disease.*+%6 While
arterial fibrosis is the most common histologic

finding in systemic sclerosis-related vasculopa-
thies, venous changes may also occur and resemble
pulmonary veno-occlusive disease.*»%7 Notably,
pulmonary vascular changes frequently accom-
pany pulmonary fibrosis and separating this find-
ing as a primary vasculopathy versus a secondary
compensatory response is often not possible on the
basis of histology alone.%%* Additionally, histologic
arterial changes do not predict for the presence of
clinical pulmonary hypertension*#; therefore, right
heart catheterization for assessment of mean pul-
monary artery pressure remains the gold standard
for clinical diagnosis.

Other pulmonary findings

Aspiration

Chronic aspiration of gastric contents due to
impaired esophageal motility is common in patients
with systemic sclerosis.*8 Aspirated foreign partic-
ulates may be encountered on lung biopsy and
while sometimes an incidental finding, may be
clinically unsuspected as a cause of a patient’s clin-
ical presentation and/or radiographic abnormality.
Microscopically, aspiration pneumonia most often
results in intraluminal fibroblasts plugs of organiz-
ing pneumonia, affiliated with foreign aspirated
material, and often accompanied by multinucle-
ated giant cells (Figure 5). Less frequently, sup-
purative granulomas, peribronchiolar fibrosis, and
acute bronchopneumonia may also occur.4®

Chronic pleuritis and pleural fibrosis

Pleural changes often accompany the underlying
parenchymal abnormalities in systemic sclerosis
with chronic pleuritis and fibrous pleural adhe-
sions identified in more than three-quarters of
patients.2

Diffuse alveolar damage

DAD is a pattern of catastrophic acute lung injury
most commonly seen in the clinical setting of acute
respiratory distress syndrome. DAD results in a
spectrum of histologic changes that include hyaline
membranes in the early acute phase to edema, air-
space collapse and organization/consolidation, and
pneumocyte hyperplasia as DAD progresses into
its later phases (Figure 6). In its resolving phases,
fibrosis resembling NSIP may occur.

DAD is the anticipated histologic finding in
patients who suffer from acute exacerbation of an
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Figure 5. Aspirated particles of crospovidone, seen as deep blue material,
are accompanied by organizing pneumonia in the example on the left, while
on the right, macrophages attempt to engulf aspirated vegetable material.
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Figure 6. The histologic hallmark of DAD is the
presence of bright pink hyaline membranes (black
arrow]) that outline distal airspaces.

DAD, diffuse alveolar damage.

underlying chronic interstitial pneumonia. These
changes have been described not only in patients
with IPF, but also systemic sclerosis patients with
NSIP who suffer from an acute decline in respira-
tory function.2!:>° DAD in systemic sclerosis may
also occur in the absence of underlying lung dis-
ease.’! Regardless of the inciting etiology, the
underlying cause of a patient’s DAD is not usu-
ally evident on the basis of histology alone.
Therefore, determining if a patient’s DAD repre-
sents acute exacerbation or might be related to
another cause, such as infection or drug reaction,
is entirely dependent upon other clinical and lab-
oratory data.

Conclusion

The patterns of interstitial lung disease observed
in patients with systemic sclerosis overlap with
those seen in patients with idiopathic interstitial
pneumonias. While there may be subtle histologic
clues when comparing cohorts of patients, none
of these differences are pathognomonic in indi-
vidual patients for whom the distinction is predi-
cated on clinical and laboratory findings. Survival
differences based on histologic pattern have been
reported in some studies, while in others disease
severity as reflected in measures of lung function
and evidence of disease progression over time are
more important predictors of outcome.
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