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ARTICLE INFO ABSTRACT
Keywords: The connective tissue diseases (CTDs) demonstrating features of interstitial lung disease (ILD) include systemic
Connective tissue disease lupus erythematosus (SLE), rheumatoid arthritis (RA), progressive systemic sclerosis (PSS), dermatomyositis

Interstitial lung abnormality

(DM) and polymyositis (PM), ankylosing spondylitis (AS), Sjogren’s syndrome (SS), and mixed connective tissue
Interstitial lung disease

disease (MCTD). In RA patients in particular, interstitial lung abnormality (ILA) (of varying degrees; severe vs.
mild) is reported to occur in approximately 20-60 % of individuals and CT disease progression occurs in
approximately 35-45 % of them. The ILAs have been associated with a spectrum of functional and physiologic
decrement. The identification of progressive ILA may enable appropriate surveillance and the commencement of
treatment with the goal of improving morbidity and mortality rates of established RA-ILD. Subpleural distri-
bution and higher baseline ILA/ILD extent were risk factors associated with disease progression. At histopath-
ologic analysis, connective tissue disease-related interstitial lung diseases (CTD-ILDs) are diverse and include
nonspecific interstitial pneumonia (NSIP), usual interstitial pneumonia (UIP), organizing pneumonia (OP), apical
fibrosis, diffuse alveolar damage (DAD), and lymphoid interstitial pneumonia (LIP). Even though proportions of
ILDs vary, NSIP pattern accounts for a large proportion, especially in PSS, DM/PM and MCTD, followed by UIP
pattern. Evidence has been published that treatment of subclinical CT lung abnormalities showing a tendency to
progress to ILD may stabilize the CT alterations. The identification of subclinical lung abnormalities can be
appropriate in the management of the disease and CT appears to be the gold standard for the evaluation of lung

parenchyma.
1. Introduction diseases including idiopathic interstitial pneumonia (IIP) and lung dis-
eases associated with environmental/occupational exposures or sys-
Interstitial lung disease (ILD) encompasses a heterogeneous group of temic diseases [1,2]. Connective tissue disease (CTD) is one of the
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common systemic diseases associated with ILD. CTD is defined as sys-
temic disorders characterized by autoimmune-mediated organ damages
and circulating autoantibodies [3].

The connective tissue diseases (CTDs) constitute a group of auto-
immune disease and their common denominator is damage to compo-
nents of connective tissue at a variety of sites in the body. The CTDs
depicting features of ILD include systemic lupus erythematosus (SLE),
rheumatoid arthritis (RA), progressive systemic sclerosis (PSS), derma-
tomyositis (DM) and polymyositis (PM), ankylosing spondylitis (AS),
Sjogren’s syndrome (SS), and mixed connective tissue disease (MCTD).
According to a Taiwanese National Health Insurance Research database
(between years 1993-2013) [4], the incidence of ILD related to CTD was
greatest among patients with PSS (1364 per 10° years), followed by DM
(1011 per 10° years), PM (831 per 10° years), SS (196 per 10° years), RA
(109 per 10° years) and SLE (109 per 10° years). In this study, multi-
variable analyses showed that the risk of ILD is increased among patients
with PSS (hazard ratio [HR], 172.63), DM (HR, 119.61), PM (HR,
84.89), SLE (HR, 32.18), SS (HR, 17.54), or RA (HR, 8.29).

The histopathologic and radiologic features of ILDs associated with
CTDs are identical to those of their idiopathic counterparts [1,5].
However, some histopathologic findings, although not specific, are
suggestive of interstitial pneumonia in association with CTD and the
findings are follicular lymphoid hyperplasia and prominent plasma cell
infiltration in interstitial inflammation [1,5].

Previous studies have clearly shown that the presence of CTD in ILD
has great impact on the prognosis [6,7]. Furthermore, the treatment
options are dependent upon the underlying CTD. Hence, the guidelines
emphasize the classification of ILD based on etiologies and uniformly
recommended search for evidence of CTD in newly diagnosed ILDs [1,8,
9]. However, due to complexities in diagnosis and treatment of CTD
itself and lack of evidence, current guidelines do not clearly provide
strategies for evaluation and management of CTD-ILD despite its
significance.

Thin-section CT (TSCT) help detect and characterize various kinds of
lung abnormality related to interstitial lung diseases (ILDs) in patients
with CTD [5]. The correlation between TSCT findings and histopatho-
logic results in various ILDs associated with diverse CTDs is desirable. In
addition, the following concepts are important regarding how early
interstitial lung abnormalities (ILAs) in various CTDs do evolve to
apparent ILDs over time and how we should do intervene and manage
during the evolving process of CTD-ILDs or CTD-ILAs. Thus, the purpose
of this review was to understand the radiologic and histopathologic
features of CTD-ILD and options for evaluation and management based
on currently accumulated evidence. We also incorporated the concept of
ILA which, in part, represents “subclinical” or “mild” form of ILD,
because the ILA is occasionally confronted in CTD patients in clinical
practice and because CTD may be a risk factor for progression of ILA per
se [10,11].

2. Radiologic patterns of CTD-ILD
2.1. Imaging pattern and each connective tissue disease

The CTDs demonstrating features of ILD include SLE, RA, PSS, DM
and PM, AS, SS, and MCTD. At histopathologic analysis, CTD-ILDs are
diverse and include nonspecific interstitial pneumonia (NSIP), usual
interstitial pneumonia (UIP), organizing pneumonia (OP), fibrosing OP,
diffuse alveolar damage (DAD), and lymphoid interstitial pneumonia
(LIP). Even though proportions of ILDs vary, NSIP pattern accounts for a
large proportion, especially in PSS, DM/PM and MCTD [5] (Table 1).
Thus, it may be imperative to be familiar with TSCT findings of each
pattern of ILDs (Tables 1 and 2).

There sits interstitial pneumonia with autoimmune features (IPAF)
between the idiopathic ILD and defined CTD-ILDs. The IPAF is a research
classification proposed by the European Respiratory Society/American
Thoracic Society Task Force on undifferentiated forms of CTD-ILD as an
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Table 1
Common reactive histologic patterns in CTDs.

Compartment Histologic

pattern

Histopathological findings

Diffuse temporally uniform fibrosis with
little associated chronic inflammation
Non-uniform fibrosis with honeycomb
change, fibroblast foci, mild inflammation
Plugs of loose connective tissue (Masson
oP bodies) in distal airway lumens and
alveolar spaces

Alveolar wall edema and hyaline
membranes in acute DAD, organization
(OP) in airspaces and alveolar walls in
organizing DAD

Dense infiltrate of small lymphocytes,
plasma cells, small clusters of epithelioid
histiocytes, multinucleated giant cells that
diffusely involves the distal parenchyma
and markedly widens alveolar walls

Mild diffuse interstitial infiltrate of chronic
CIP inflammatory cells that are considerably
less dense than in LIP

Lymphoid aggregates and follicles with

Fibrotic NSIP

uIp

DAD

Alveolar
parenchyma LIP

Lymphoid . X .
hy ::_ lasia germinal centers throughout biopsy with/
YPerp without follicular bronchiolitis
Airspace red blood cells in acute
Alveolar hemorrhage, airspace macrophages with
hemorrhage coarsely granular hemosiderin in chronic
hemorrhage
Acute and/or organizing fibrinous pleuritis,
.. fibrous pleuritis, edema, variable chronic
Pleura Pleuritis . R . . .
inflammation with/without germinal
centers
. Prominent chronic and occasionally acute
Bronchitis/ . e .
s inflammatory cell infiltrate in walls of small
bronchiolitis .
airways
. Lymphoid follicles containing prominent
. Follicular ¥ p . &P
Airways [ reactive germinal centers confined to the
bronchiolitis . . . -
peribronchiolar interstitium
. Subepithelial fibrosis causing luminal
Constrictive . . . .
s narrowing or luminal obliteration by
bronchiolitis ) .
fibrous tissue
Spectrum from mild muscular hypertrophy
and intimal thickening to severe concentric
Pulmonary o . . .
4 intimal fibrosis, luminal occlusion,
hypertension . - .
plexiform and dilation lesions, and rarely
Vessels fibrinoid necrosis and necrotizing arteritis
. Mural infiltrates of monocytes/histiocytes
Vasculitis . .
and neutrophils predominate
S Necrotizing acute inflammation of alveolar
Capillaritis

wall capillaries

NSIP: non-specific interstitial pneumonia; UIP: usual interstitial pneumonia; OP:
organizing pneumonia; DAD: diffuse alveolar damage; LIP: lymphoid interstitial
pneumonia; CIP: cellular interstitial pneumonia.

Modified from pp 587-596, Colby 1998.

initial step to uniformly define, identify, and study patients with ILD
who have features of autoimmunity, yet fall short of a characteristic
CTD. In other words, the IPAF can be defined as ILD in subjects with
clinical, serologic and/or morphologic (TSCT or surgical lung biopsy)
features of autoimmunity without characteristic CTD [12]. In IPAF
subjects, on TSCT or surgical lung biopsy, NSIP, UIP (Fig. 1), OP,
fibrosing OP are seen, and still NSIP and UIP are predominant. Ac-
cording to a study where 422 patients with either IIP or undifferentiated
CTD from ILD database and where 144 (34 %) met IPAF criteria, the
mean age of the IPAF group was 63.2 years, with a majority being female
(52 %) and former smokers (55 %). The most common clinical feature
was Raynaud phenomenon (27.8 %), and the most common serologic
feature was ANA positivity (77.6 %). Although the most common
morphologic features were NSIP pattern on TSCT (31.9 %), the majority
of the cohort demonstrated a UIP pattern on TSCT (54.6 %) and on
surgical lung biopsy (61 of 83 patients biopsied, 73.5 %) [13].
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Table 2
Histopathologic findings in CTD by disease.
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g

Compartment Histologic pattern

SLE

PSS PM/DM SS MCTD AS

NSIP

UIP

OoP

DAD

LIP

CIP

Lymphoid hyperplasia
Alveolar hemorrhage
Pleuritis/fibrosis
Bronchitis/bronchiolitis
Follicular bronchiolitis
Constrictive bronchiolitis
Pulmonary hypertension
Vasculitis

Capillaritis

Other histologic findings

Alveolar parenchyma

Pleura

Airways

I I I T I

Vessels

Other Necrobiotic nodules

MM X

L I I I

Hematoxylin bodies

>
>
>
MoM M M

Moo

MoM XM X X

Aspiration Aspiration TBGA AFBC

NSIP: non-specific interstitial pneumonia; UIP: usual interstitial pneumonia; OP: organizing pneumonia; DAD: diffuse alveolar damage; LIP: lymphoid interstitial
pneumonia; CIP: cellular interstitial pneumonia; TBGA: tracheobronchial gland atrophy; AFBC: apical fibrobullous change.

Modified from Colby 1998, and Schneider 2012. X means presence of interstitial lung disease or interstitial lung abnormality of histologic pattern. For frequency of the
pattern in each connective tissue disease, please refer to authors’ reference [5](Kim EA et al. Radiographics 22 Spec No (2002) S151-S165).

5 S

Fig. 1. Interstitial pneumonia with autoimmune features (IPAF) in a 67-year-old man.

(a, b) Lung window images of CT scans obtained at levels of right inferior pulmonary vein (a) and liver dome (b), respectively, show subpleural reticulation and
traction bronchiolectasis (arrowheads) in both lungs. Patient had positive serologic tests; fluorescent antinuclear antibody (FANA, 1:320) and perinuclear anti-
neutrophil cytoplasmic antibody (pANCA, 1:320). (¢) Low-power magnification of lung demonstrates collapse of two secondary lobules (arrows) resulting in dilation
of distal small airways (so-called honeycombing) with super imposed lymphoid follicles with reactive germinal centers (F). The histologic pattern is most consistent
with UIP, the superimposed lymphoid follicles with reactive germinal centers suggest CTD as the underlying cause of all the histopathologic findings but are not
specific. (d, e). Four-year follow-up CT scans obtained at similar levels to a & b, respectively, depict apparent areas of CT honeycombing (arrows) in posterior aspects

of both lower lobes.

2.2. Differences in radiologic findings between CTD-ILD and IIP

CT features of fibrotic NSIP, which are most frequent in CTD-ILDs,
are bilateral, symmetric, predominantly lower lung zone-predominant
reticular opacities with traction bronchiectasis and lower lobe volume
loss that is usually diffuse or subpleural in the axial dimension, but
sometimes spares the subpleural lungs (21 %, 13/61). Peribronchial
thickening (7%, 4/61) and HC (5%, 3/61) are occasional [14] (Fig. 2). In
an official ATS/ERS statement and its update of the international
multidisciplinary classification of the idiopathic interstitial pneumonias,
Travis et al. [15] commented on fibrosing variant of OP (fibrosing OP)
(Fig. 3), in which category of the disease OP does not completely resolve

despite prolonged treatment. In these cases, residual or progressive
interstitial fibrosis is seen with or without recurrent episodes of OP.
These fibrosing OP patients are found to have underlying polymyositis
or antisynthetase syndrome.

Organizing pneumonia is caused by CTD. This association between
OP and CTD is rare and signs of OP usually occur in the context of an
already diagnosed CTD. However, the OP with clinical features of
infection can be the commencing signs of RA and Sjogren’s syndrome
[16] (Fig. 4).

According to a study including three different groups of patients (203
patients), namely those with CTD-ILD (31 %), undifferentiated CTD
(UCTD)-ILD (32 %) and idiopathic pulmonary fibrosis, the CT findings
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Fig. 2. Nonspecific interstitial pneumonia in a 48-year-old woman with dermatomyositis. (a, b) Lung window images of CT scans obtained at levels of right inferior
pulmonary vein (a) and liver dome (b), respectively, show reticulation and traction bronchiectasis (arrowheads) in both lungs with lower lung zone predominance.
(c¢) Low power magnification, and medium power magnification (inset) of lung demonstrates temporally uniform diffuse parenchymal fibrosis typical of fibrotic NSIP.
Superimposed are diffusely scattered lymphoid follicles containing reactive germinal centers, which suggest CTD as the underlying cause of the fibrotic NSIP but are
not specific. (d, e). Ten-year follow-up CT scans obtained at similar levels to a & b, respectively, depict progression of pulmonary fibrosis with apparent areas of

traction bronchiectasis in both lungs.

were not significantly different among three groups. Pulmonary symp-
toms were more common in IPF, while extra-pulmonary symptoms were
more common in CTD-ILD and undifferentiated CTD-ILD patient groups.
Patients with CTD-ILD had more abnormal antibody tests than those of
undifferentiated CTD-ILD and IPF [17]. However, it has been asserted
that in patients with CTD-ILD and UIP pattern on CT, straight edge sign
(Fig. 5), exuberant honeycombing (HC) sign (Fig. 6) and anterior upper
lobe sign (Fig. 7) are significantly more common than the signs in those

of IPF and UIP pattern [18]. In another study where authors aimed to
determine whether the specific CT findings can help differentiated CTDs
manifesting ILDs, the anterior upper lobe honeycomb-like lesion is a
specific feature in RA-ILD with UIP or mixed UIP and NSIP pattern. In
PSS- and PM/DM-ILD, fibrotic NSIP pattern was predominant without
HC [19] (Fig. 2).

Acute exacerbation (AE) in idiopathic pulmonary fibrosis (IPF) is
increasingly recognized as a relatively common and highly morbid
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Fig. 3. Fibrosing organizing pneumonia in a 58-year-old woman with interstitial pneumonia with autoimmune features (IPAF; antineutrophil antibody [ANA], 1:160
and morning stiffness). (a, b) Lung window images of CT scans obtained at levels of cardiac ventricle (a) and liver dome (b), respectively, show patchy distribution of
mixed areas of band-like consolidation (open arrows) and reticulation (arrows) in both lungs. (¢) Low power magnification of lung demonstrates temporally uniform
diffuse lung fibrosis typical of fibrotic NSIP (arrows) associated with dendritic ossification (arrowheads), which is a reflection of chronicity of injury. Inset: Lymphoid
follicles containing reactive germinal centers (arrowheads) are randomly scattered in the lung parenchyma suggesting CTD as the underlying cause of the fibrotic
NSIP but are not specific. (d) Medium power magnification of lung from the right middle lobe demonstrates organizing pneumonia characterized by airspaces plugs
of loose myxoid fibrous tissue (arrows). Organizing pneumonia is a non-specific histologic finding and is one of the lungs most common reactions to injury from

any cause.

clinical event. The AE also occurs in patients with NSIP and demonstrate
better prognosis than that of IPF. In patients with CTD-ILD, the AE oc-
curs mostly with RA-UIP with poor outcome [20] (Fig. 8).

Lymphoid interstitial pneumonia (LIP) is rare and is classified into
rare ILD in 2013 revised American Thoracic Society-European Respira-
tory Society classification system [15]. On TSCT images, although
nonspecific, the dominant findings in LIP are GGO and peri-
bronchovascular cysts. Reticulations, nodules, and widespread consoli-
dation may also be seen [21].

3. Pathologic features of CTD-ILD

Pleuropulmonary involvement, including interstitial lung disease, is
common in CTD and includes a wide range of histopathologic findings
that vary within each CTD and display overlap between CTDs [22]. In
addition to the alveolar parenchyma (alveolar walls and airspaces), one
or more of the remaining lung compartments including pleura, airways,
and pulmonary vessels, may be involved. Multi-compartment involve-
ment is an important clue on lung biopsy that CTD may be the under-
lying cause of findings. However, other than special findings such as
necrobiotic nodules in RA, histopathologic findings are rarely diagnostic
in CTD. Most often only nonspecific reactive patterns are identified [22,
23], the most common reactive histologic patterns by compartment are
compiled in Table 1.

ILD is encountered in the majority of CTDs and is indistinguishable
from idiopathic interstitial pneumonia (IIP) [24]. Fibrotic NSIP is the
most common pattern identified across all CTDs [25,26], with PM/DM
commonly demonstrating OP, RA demonstrating follicular bronchiolitis,
and PSS demonstrating cellular bronchiolitis either separately or in
conjunction with fibrotic NSIP [25]. Approximately a third of patients
have classifiable CTD when ILD is recognized [27], while in up to 25 %
of cases, clinical and serologic findings are not diagnostic of a classifi-
able CTD [28]. ILD can also precede extra-thoracic manifestations of
CTD by years making separation of CTD-ILD and IIP difficult [27-29].
The major histopathologic findings in CTD are listed by disease in
Table 2.

4. Implication of ILA in CTD: radiologic perspective

In the recently published Fleischner Society Position Paper regarding
interstitial lung abnormality (ILA), the patients with CTD were not
included, because the patients with CTD have known increased risk of
developing ILD compared to the general population without CTD.
Naturally, the management of CTD patients with CT findings corre-
sponding to ILA is different from that of subjects with ILA without CTD.
On the other hand, the subjects with incidentally found ILA will include
the patients with CTD after further examination (Fig. 9). There are
fundamental questions such as: 1) How is CTD-ILA defined differently



H. Yoo et al. European Journal of Radiology Open 8 (2021) 100311

Fig. 4. Organizing pneumonia in a 56-year-old woman with dermatomyositis.

(a, b) Lung window images of CT scans obtained at levels of liver dome (a) and 3 cm inferior to a (b), respectively, show patchy distribution of consolidation along
bronchovascular bundles (arrows) and subpleural lungs (open arrows) in both lungs. (¢) Coronal reformatted image demonstrates consolidation along broncho-
vascular bundle (arrows) and subpleural (open arrows) lungs. (d) Low power magnification of lung demonstrating organizing pneumonia (arrows) transitioning to
fibrotic NSIP (arrowheads). CTD is in the etiologic differential of fibrotic NSIP, but there are no histologic findings in this image that suggest CTD as the underlying
cause in contrast to the lymphoid follicles with reactive germinal centers seen in Figs. 1 and 2.

Fig. 5. Connective tissue disease-related pulmonary fibrosis showing straight-edge sign. (a) Coronal reformatted image in a 49-year-old woman with systemic
sclerosis shows pulmonary fibrosis composed of reticulation and ground-glass opacity confined to lower lung zone with straight-edge (arrows) sign. (b) Coronal
reformatted image in a 31-year-old Sjogren’s syndrome demonstrates reticulation and honeycombing in lower lung zones with straight-edge (arrows) sign.
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Fig. 6. Connective tissue disease-related pulmonary fibrosis showing exuberant honeycombing sign in a 57-year-old woman with rheumatoid arthritis. (a, b) Lung
window images of CT scans obtained at levels of right inferior pulmonary vein (a) and suprahepatic inferior vena cava (b), respectively, show extensive honey-
combing in lower lung zones. Also note pericardial effusion (PE) and cardiomegaly.

Fig. 7. Connective tissue disease-related pulmonary fibrosis showing anterior upper lobe sign in a 65-year-old woman with rheumatoid arthritis. (a) Lung window
image of CT scan obtained at level of aortic arch demonstrates large area of honeycombing (arrows) in anterior aspects of both upper lobes. (b) Sagittal reformatted
image discloses reticular lesions in anterior upper lobe (arrows) in left side. Also note reticular lesions in subpleural areas (arrowheads) of left lower lung zones.

from ILA without CTD?; 2) When does CTD-ILA become CTD-ILD?; and
3) How is management of CTD-ILA?

The ILA is defined purely by CT findings. To make the matter simple,
the definition of CT findings for ILA in patients with CTD-ILA can be kept
the same as ILA without CTD with assumption that the potential man-
agement scheme shall be modified. ILD will be defined clinically in the
similar manner among subjects with CTD-ILA by three criteria: 1) Res-
piratory symptoms or physical examination findings are possibly
attributable to ILD; 2) Extensive disease on CT defined by non-trivial
abnormalities present in three or more lung zones; and 3) Decrements
in pulmonary function or gas exchange possibly attributable to ILD.
Because there are known risks in patients with CTD, the optional man-
agement schema in patients with CTD-ILA will be modified from that of
ILA without CTD as follows: 1) All subjects with CTD-ILA shall be
actively monitored because of the known increased risk of progression
with reassessment and repeated PFTs in 3-12 months; and 2) Repeated
CT at 12-24 months, or sooner if there is clinical or physiologic
progression.

4.1. Thin-section CT findings of early ILD in CTD

In a serial CT study of PSS patients having interstitial lung disease (n
= 40; mean follow-up period, 40 months), Kim et al. [30] identified that
the overall extent of disease and the extents of HC and reticulation in-
crease noticeably on follow-up CT. And the increase of HC extent
correlated well with decrease of diffusing capacity (DLco). In this study,
authors did not clearly distinguish between the ILA and ILD. In a study
by Wells et al. [31], the overall extent of disease was 42 % in patients

with IPF, whereas it was 20.8 % in patients with PSS and interstitial
pneumonia. In the study of Hartman et al. [32], the extent of HC at
initial CT occupied 12 % of overall lung volume; this progressed to
occupy 18 % of lung volume within maximum 13 month follow-up
study. However in the study by Kim et al. [30]. including 40 patients
with PSS and interstitial pneumonia, the mean area of HC was 1.9 % at
initial CT and 5.0 % at follow-up CT with a follow-up period of 39
months. The rate of progression of HC in patients with UIP is median of
0.4 % of lung volume in a month, whereas the rate of HC was 0.07 % per
a month in the study by Kim et al.

4.2. Application of concept of interstitial lung abnormality in connective
tissue disease

Although clinically evident ILD occurs in 2-10 %, ILA (varying de-
grees; severe vs. mild) is reported to occur in an additional 20-60 %of
individuals with RA and has been associated with a spectrum of func-
tional and physiologic decrement. In RA patients, the detection of ILA
and risk stratification shall provide a therapeutic windows that could
improve RA-ILD outcomes [33]. In addition, ILA in RA has been shown
to be radiologically progressive in 57 % of cases over a 1.5-year period
[34]. The identification of progressive ILA may enable appropriate
surveillance and the commencement of treatment with the goal of
improving morbidity and mortality rates of established RA-ILD. Kawa-
no-Dourado L et al. [35] performed a longitudinal study in order to
characterize risk factors associated with progression in RA-ILA and
RA-ILD patients. Of 293 individuals with RA and clinically indicated CT
studies, interstitial changes were observed in 22 % (64 of 293; older
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Fig. 8. Acute exacerbation of usual interstitial
pneumonia in a 49-year-old man with rheu-
matoid arthritis. (a, b) Lung window images of
CT scans obtained at levels of right inferior
pulmonary vein (a) and liver dome (b),
respectively, show extensive honeycombing in
middle and lower lung zones. Also note large
areas of mixed consolidation and ground-glass
opacity (arrowheads) in a. (¢, d) Coronal
reformatted images demonstrate patchy and
large areas of ground-glass opacity with crazy-
paving appearance (arrows) and consolidation
(open arrows). Also note large areas of honey-
combing as underlying disease.

il

Fig. 9. Interstitial lung abnormality and lung squamous cell carcinoma in an 80-year-old man with rheumatoid arthritis. (a) Lung window image of CT scan obtained
at level of liver dome shows subpleural fibrotic interstitial lung abnormality composed of reticulation and traction bronchiolectasis (arrowheads). Also note a 22-mm-
sized nodule (open arrow) in left lung base. (b) Fused CT/PET image demonstrate high FDG uptake within left lower lung zone tumor (proved to be squamous cell
carcinoma). (¢) Low power magnification of lung demonstrating cystic dilation of distal small airways with rare fibroblast foci in the walls of the cysts consistent with

UIP that are associated with patchy, moderate lymphoid infiltrates.

male smokers), one half of whom had a respiratory complaint at the time
of imaging. CT disease progression was seen in 38 %. Of patients with
progressive ILA, one half had baseline CT scans performed for
non-pulmonary indications. Subpleural distribution and higher baseline
ILA/ILD extent were risk factors associated with progression.

4.3. Radiologic findings of ILA suggesting the presence of CTD

According to a study, in patients with anti-citrullinated proteins
antibodies (ACPA)-positive rheumatoid arthritis (RA), there is a sub-
clinical, early lung involvement during the course of the disease, even
before the onset of articular manifestation. Of the entire cohort of 48
subjects, 30 (62.5 %) had TSCT abnormalities [36]. The most frequently
detected abnormality was nodules (24, 50 %), followed by evidence of
fibrosis (14, 29.1 %), consolidation (5, 10.4 %), airway wall thickening

(8, 16.6 %), emphysema (8, 16.6 %), and air trapping (4, 8.3 %). Even
though detailed CT findings were not analyzed, the fibrosis represents
the areas of reticulation and traction bronchiolectasis (subpleural
fibrotic ILA) [37]. There were no differences in the frequency of the
various CT patterns according to smoking status, among longstanding
RA patients or methotrexate treatment history. Current and former
smokers showed a significantly higher frequency of fibrosis compared
with subjects who never smoked. However, no difference in fibrosis
prevalence was found based on methotrexate treatment history. Thus in
subjects with (ACPA)-positive RA subjects, TSCT features of nodules and
airway disease including bronchial wall thickening, bronchiectasis
and/or mosaic perfusion in addition to fibrotic ILA (reticular lesions and
traction bronchiolectasis) may suggest the presence of underlying CTD.
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5. Evaluation and monitoring of ILD in CTD
5.1. General principles in evaluation of ILD (ATS/ERS IPF guidelines)

The treatment modality and choice of drugs as well as treatment
response and survival for ILD is largely affected by the presence and
types of CTD [6,7]. Therefore, the current international guidelines
recommend detailed history taking and physical examination to identify
potential etiologies of ILD including environmental exposures and
medication use as well as systemic diseases such as CTD as the key step
in evaluation of newly detected ILD [8,9,38].

When the presence of CTD is suspicious, history taking and physical
examination for symptoms and signs of CTD such as inflammatory
arthritis, digital fissuring or tip ulceration, fixed rash on the digital
extensor surfaces, or Raynaud’s phenomenon is necessary [39].
Regarding laboratory tests, the recent guideline on diagnosis of IPF by
ATS/ERS/JRS/ALAT recommends serologic testing to identify or
exclude CTD in newly detected ILD without apparent causes [8]. How-
ever, inclusion and exclusion of specific autoantibodies among various
serological tests was not addressed in the guideline due to lack of evi-
dence. The consensus research statement of ATS/ERS on IPAF may give
us a clue in clinical practice which incorporated antinuclear antibody,
rheumatoid factor, anti-CCP, anti-dsDNA, anti-SS-A, anti-SS-B,
anti-ribonuclear protein, anti-smith, anti-topoisomerase, anti-tRNA
synthetase, anti-PM-Scl, anti-MDA-5 as serologic domain of diagnostic
criteria [39]. Nonetheless, the utility of such serological testing as well
as inclusion and exclusion of specific autoantibodies requires further
validation.

Unlike idiopathic interstitial pneumonia, the current guidelines do
not recommend either for or against the lung biopsy in patients with
CTD-ILD. Despite that histopathologic pattern is predictive of survival in
CTD-ILD [40,41], the fact that both treatment and prognosis are strongly
determined by other factors such as type of underlying CTD, exten-
siveness of the disease, or lung function and HRCT pattern is well
correlated with that of pathology as well as the potential risk of biopsy
should be considered before making decision whether to obtaining lung
pathology [6,42-44].

5.2. ILA or ILD presence in pre-existing CTD: what should we do?

Due to the presence of certain predilections of radiographic and/or
histopathologic patterns for specific CTD, it may be helpful to correlate
the radiologic and/or histopathologic patterns with the patient’s un-
derlying CTD to enhance the diagnostic certainty. Pulmonary function
test should be performed when possible to evaluate the severity of the
disease, to help decision for initiation of treatment and prediction of
prognosis [43].

In clinical practice, physicians may encounter CTD patients with
incidentally found abnormalities on chest TSCT scan without definite
symptoms. These abnormalities have been frequently referred as “sub-
clinical” or “preclinical” ILD. The prevalence and incidence of such cases
is not precisely known owing to its vague definition; however, it is rather
common. In a study by Gochuico et al. 33 % (21/64) of RA patients
without symptoms had preclinical ILD on HRCT scan [34]. Among 21
patients, 12 (57 %) patients progressed to RA-ILD. In another study, 61
out of 103 consecutive RA patients had RA-ILD among which 57 (90 %)
lacked respiratory symptoms [45]. Similarly, about half of patients with
PSS-ILD diagnosed based on TSCT demonstrated normal pulmonary
function. Interestingly, in addition to the fact that PSS-ILD progresses
during follow-up, 6/10 (15 %) patients who revealed normal chest TSCT
developed ILD on follow-up CT. Finally, when 37 patients with primary
Sjogren’s syndrome with normal chest radiographs were evaluated, 24
(65 %) presented abnormal HRCT findings [46]. Of 24 patients, 7/24
(29 %) had normal pulmonary function. In anti-Jo-1 antibody-positive
patients, ILD was present in 86 % of cohort, suggesting that autoanti-
body may be a marker for ILD [47].
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Optimal evaluation and management strategies for these patients are
not yet established. Since treatment for CTD-ILD without symptoms or
lung function abnormality is regarded as unnecessary, focus of evalua-
tion should lie on identifying patients who would progress eventually
requiring treatment. Male gender, smoking, diffuse PSS compared to
limited PSS, presence of circulating anti-SCL-70 antibody or anti-Jo-1
antibody, decrease in diffusing capacity, use of certain drug (e.g,
methotrexate) have been reported as factors of presence or progression
of preclinical or subclinical ILD [34,45-47]. However, additional studies
are necessary to confirm the risk factors of progression as well as optimal
interval of follow up or timing of treatment. Furthermore, although it is
not fully compatible with the definition of ILA, population-based studies
have demonstrated that certain radiological types are risk factors of
progression ILA [48,49]. Considering the fact that both concepts of
preclinical or subclinical ILD and ILA are derived from radiological
definition, the significance of applying the definition of ILA and its
proposed classification and management protocol on CTD-ILD might be
meaningful and would need to be tested.

5.3. When do you suspect presence of CTD when encountering ILA/ILD
on TSCT

Although its precise prevalence is not clear due to difficulties in
diagnosis and necessity for long-term follow-up for its diagnosis, up to
20 % of patients who are diagnosed with chronic ILD without overt CTD
at the time of diagnosis may develop CTD during follow-up. [29,50]
However, there was no difference in clinical or laboratory characteris-
tics between patients who developed CTD and who did not. Currently,
there is no algorithm or protocol to predict patients who will develop
CTD. Given that the finding that certain characteristics differ between
IIP and CTD-ILD, it may be reasonable to examine patients based on such
differences. Regarding demographic features, patients with CTD-ILD are
younger, never smokers, and more likely to be woman [6]; ILD patients
presenting with such clinical characteristics should raise a suspicion for
concomitant presence of occult CTD and comprehensive evaluation
should be followed. Radiologically, NSIP is a most frequently associated
pattern with CTDs of PSS, SS, and PM/DM, necessitating assessment for
CTD [5]. In contrast, UIP pattern is the most common pattern of RA-ILD.
Moreover, although not confirmed in patients with ILD, presence of
autoantibodies before clinical manifestations of SLE or RA have been
noted in CTD [51,52]. These demographic, radiologic/histopathologic,
and laboratory characteristics should be considered in newly diagnosed
ILD.

Recent studies have shown that some of patients with ILD may pre-
sent with clinical features suggestive of CTD but not fulfill the complex
diagnostic criteria of specific CTD [53-55]. Previously referred as un-
differentiated CTD-ILD (UCTD-ILD), autoimmune-featured ILD
(AF-ILD), or lung-dominant CTD (LD-CTD) with slight differences in
diagnostic criteria, the disease with subtle features of CTD is now
defined as IPAF [39]. These patients accounting for 7-35 % of ILD show
heterogeneous clinical characteristics; however, they are frequently in
6th to 7th decade with equal gender predilection which is different from
IPF patients who are usually older male with smoking history and more
similar to CTD-ILD [13,56-58]. Similarly, prognosis of IPAF is better
than that of IPF but worse than CTD-ILD [13]. However, predictive
factors for differentiation into specific CTD or mortality and optimal
treatment regimen are unclear.

6. Current management of connective tissue disease related
interstitial lung disease

6.1. Immunosuppressive treatment in CTD-ILD
The choice of drug and prognosis of CTD-ILD greatly depends on the

specific types of CTD. Furthermore, diagnosis of CTD-ILD does not al-
ways prompt treatment because the disease may not progress and
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benefit of treatment and treatment-related complications should be
balanced. Although the guidelines are not available, it is usually rec-
ommended that asymptomatic CTD-ILD patients with normal lung
function and without evidence of disease progression may be followed
without treatment.

For patients who require treatment, robust prospective trial results
on the treatment of CTD-ILD are not yet fully available. One of the well-
executed CTD-ILD clinical trials is on PSS-ILD. In this study, treatment
with cyclophosphamide reduced the lung function declining compared
to with placebo; the effect was maintained for two years [59]. Another
study evaluating intravenous cyclophosphamide plus following azathi-
oprine demonstrated efficacy in decreasing lung function declining [60].
In a recent multicenter randomized trial, Tashkin et al. [61] compared
the efficacy and safety of mycophenolate mofetil with cyclophospha-
mide and the result showed that mycophenolate mofetil is similarly
effective as cyclophosphamide with less treatment-related toxicity.

The treatment of ILD associated with CTD other than PSS is mostly
based on retrospective observational studies or small prospective
studies. For RA-ILD, corticosteroid is usually the first-line treatment
with or without steroid-sparing (reducing) agents such as azathioprine.
In their retrospective study on 84 patients with RA-ILD, Song et al. [62]
showed that the survival of patients who received treatment (41 %) due
to poor initial lung function or disease progression was similar to un-
treated group. Mycophenolate mofetil, cyclophosphamide, and ritux-
imab have been reported to be beneficial in RA-ILD in stabilizing lung
function in retrospective studies [63-65]. Corticosteroid is also consid-
ered the mainstay of treatment in inflammatory myositis [66]. However,
corticosteroid monotherapy may not be sufficient to improve survival
[671. Mycophenolate mofetil was effective in stabilization of pulmonary
function and reduction in steroid dose in two retrospective studies [63,
68]. A systemic review evaluating the effect of cyclophosphamide re-
ported that cyclophosphamide helped improve forced vital capacity and
diffusing capacity improved in 67.3 % and 64.3 % of patients, after
reviewing 12 retrospective studies [69]. Evidence for the choice of drug
and its optimal dose for SLE-ILD and SS-ILD is not sufficient and treat-
ment are based on small case series and expert opinions. Corticosteroid
is considered the front-line therapy for SLE-ILD, while other immuno-
suppressants such as azathioprine, cyclophosphamide, intravenous
immunoglobulin may be considered [70,71]. In a study on 263 patients
with SS, treatment of corticosteroid, cyclophosphamide, azathioprine,
and rituximab were prescribed in 21 patients who developed ILD [72].
After treatment, 63.2 % of SS-ILD patients showed either improvement
or disease stability.

6.2. Antifibrotic agents for fibrosing CTD-ILD

There has been an attempt to use antifibrotic agents, which were
proven to be effective in reducing the decline of lung function and the
rate of acute exacerbation in IPF, effective for progressive fibrosing CTD-
ILD unresponsive to immunosuppressive therapy. Nintedanib, a tyrosine
kinase inhibitor of platelet-derived growth factor receptor, vascular
endothelial growth factor receptor, and fibroblast growth factor recep-
tor, helped reduce the annual rate of decline in forced vital capacity
(difference, 41.0 mL per year; 95 % CI, 2.6-79.0; P = 0.04) compared to
placebo in a recent multicenter prospective study on 576 PSS-ILD pa-
tients [73]. In addition, nintedanib successfully lowered the annual rate
of decline in forced vital capacity in 663 patients with progressive
fibrosing ILD other than IPF compared to placebo [74]. In that study,
patients with CTD-ILD accounted for 26 % (170/663) of the study
cohort. With regard to pirfenidone, another antifibrotic drug for IPF, in a
small pilot study including 34 patients with PSS-ILD, the pirfenidone
failed to prove efficacy in the stabilization or improvement of forced
vital capacity at 6 months compared to placebo [75]. However, the
study was underpowered to draw definite conclusion owing to small
number of study patients. Since a phase II multicenter prospective ran-
domized controlled trial on efficacy and safety of pirfenidone for
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progressive ILD including CTD-ILD (the RELIEF study) was completed
recently, the result of the study is expected to provide more evidence on
the role of pirfenidone in CTD-ILD [76].

In ACPA-positive RA subjects, progressive nature of subclinical CT
abnormalities was demonstrated, potentially evolving into clinically
overt interstitial lung disease (ILD) over a two-year period [34]. In a
following study where 1145 RA patients were included, 91 (8%) patients
underwent clinically indicated chest CT studies. Twelve had severe ILAs,
34 had ILAs and 38 had no ILAs on CT. Subjects with severe ILAs were
older, had increased respiratory symptoms and more severe RA disease,
compared with subjects with no ILAs. Importantly, either traditional
disease-modifying anti-rheumatologic drugs or biologic therapies was
not associated with an increased risk of ILAs [33]. In addition, evidence
has been published that treatment of subclinical CT lung abnormalities
showing a tendency to progress to ILD may stabilize the CT alterations
[77]1. The identification of subclinical lung abnormalities can be
appropriate in the management of the disease and CT appears to be the
gold standard for the evaluation of lung parenchyma.

7. Conclusion

The incidence of ILD related to CTD is greatest among patients with
PSS followed by DM, PM, SS, RA and SLE. CTD-ILDs manifest histolog-
ically as various ILDs including NSIP, UIP, OP, fibrosing OP, and DAD.
Even though proportions of ILDs vary, NSIP pattern accounts for a large
proportion, especially in PSS, DM/PM and MCTD. IPAF is defined as ILD
in subjects with clinical, serologic and/or morphologic (TSCT or surgical
lung biopsy) features of autoimmunity without characteristic CTD. In
IPAF subjects, on TSCT or surgical lung biopsy, ILDs of similar patterns
are identified as in CTD-ILD. In patients with CTD-ILD and UIP pattern,
straight edge sign, exuberant HC sign and anterior upper lobe sign are
significantly more common on CT than in those with IPF and UIP
pattern. In PSS- and PM/DM-ILD, fibrostic NSIP pattern is predominant.
The presence of CTD-ILA can be determined with CT findings of ILA in
CTD patients as was determined in subjects without CTD. However, it
should be assumed that the potential management scheme of CTD-ILA is
modified in consideration of the extent and stage of CTD per se.
Although clinically evident ILD occurs in 2-10 % of RA patients, ILAs of
varying degrees of severity are reported to occur in an additional 20-60
%of individuals. ILAs in RA patients are shown to be radiologically
progressive in more than 50 % of cases over a 1.5-year period. Sub-
pleural distribution and higher baseline ILA extent are risk factors
associated with progression.
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