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In this article, we describe the role of radiology for diagnosis and follow-up of progressive
fibrosing interstitial lung disease (PF-ILD). Patients with PF-ILD are at increased risk for
early death without treatment. Clinical diagnosis of PF-ILD has been described in the
literature. This manuscript reviews the radiographic diagnosis of PF-ILD and the unique
CT characteristics associated with specific types of fibrosis. Ultimately, we believe that
radiology has the potential to recognize progression early and thus make an important
contribution to the multidisciplinary discussion for this important diagnosis.
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INTRODUCTION

In broad terms, there are two types of interstitial lung diseases (ILDs); one of which is primarily
inflammatory with the potential for complete resolution but with the possibility of transformation
into a fibrotic phenotype, the other is a primarily fibrotic ILD and largely irreversible (1). The
treatment of an inflammatory ILD is different from its fibrotic counterpart thus correct diagnosis
has important implications. Progressive fibrosing interstitial lung disease (PF-ILD) is defined as a
subtype of interstitial lung disease which advances despite current state of the art treatment and
predicts a poor outcome (2). Inflammatory ILDs can transform to the progressive fibrotic type,
which may then benefit from anti-fibrotic treatment strategies to slow the decline of forced vital
capacity (FVC) (3).

Nintedanib is approved for treatment of idiopathic pulmonary fibrosis (IPF), and has
demonstrated improved outcomes with diminished FVC decline compared to placebo in PF- ILD
patients (3). The RELIEF study, a phase 2b trial, was terminated prematurely due to slow enrollment
but found that adding pirfenidone to treatment regimen in patients with non-IPF slowed disease
progression (4). Raghu warns that the use of a single agent to treat all progressive fibrotic lung
diseases should not deter the clinician from evaluating the underlying cause as there may be specific
interventions that could lead to improved patient outcomes (4). Defining this phenotype has
implications that go beyond therapy with the opportunity for early referral to lung transplantation
and/or the initiation of advanced care planning (5).

There is limited experience with the prevalence and incidence of the progressive phenotype
of ILD (6). One source, which excluded IPE, estimates the progressive phenotype to be 13% to
40% depending on the underlying diagnosis (7). The diagnosis of progressive disease relies upon
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a decline in pulmonary function tests, progressive shortness
of breath, and more extensive disease on imaging (2). In the
INBUILD trial, which studied the effect of Nintedanib on the
progressive phenotype, the criteria for progression were: 10%
decrease of the predicted FVC, 5 to 10% decrease in predicted
FVC with progressive dyspnea or increased radiographic fibrosis,
or progressive dyspnea with increased radiographic fibrosis, all
within 24 months prior to screening and despite conventional
therapy (3). Regardless of how this term is defined, it is best
established through a multidisciplinary discussion. Radiology
plays a vital role in the diagnosis of the progressive phenotype
by identifying increased pulmonary fibrosis. Collins et al. argue
that the pattern and extent of fibrosis could affect clinical
outcomes more than the diagnosis (8). The INBUILD criteria
for progression were used in a retrospective study in the UK
with 1,749 patients with ILD other than IPF. Two hundred and
fifty three patients (14.5%) met the criteria for a progressive
phenotype. This subset of patients had worse mortality compared
to the non-progressive ILD and similar mortality to IPF (9).
Other research papers have found similar results (10). The intent
of our paper is to describe imaging features of the progressive
phenotype of ILD. Ultimately a multidisciplinary discussion is
necessary for the accurate diagnosis.

USUAL INTERSTITIAL PNEUMONITIS (UIP)

The 2018 American thoracic society IPF guidelines provide
four levels of confidence for UIP diagnosis. These include:
UIP, probable UIP, indeterminate for UIP and a pattern
suggesting alternative diagnosis. UIP is defined with sub pleural
basilar predominant fibrosis, honeycombing, and the absence
of features that would suggest another diagnosis. If there is no
honeycombing, the pattern is a “probable UIP” pattern which
previously was termed “possible UIP” (11).

UIP pattern on CT is often associated with the clinical
diagnosis of idiopathic pulmonary fibrosis (IPF) that has a life
expectancy of 3 to 4 years without treatment (12). Patients with
a UIP pattern are more likely to be older in age, male gender,
and smokers (13). This pattern carries a worse prognosis and
an increased risk of death regardless of the underlying cause
(14). More frequent acute exacerbations are also seen with a UIP
pattern (15). It is worth mentioning that a UIP pattern does
not automatically equal a diagnosis of IPF as other interstitial
lung diseases can have this pattern on HRCT (16). Drug
toxicity, collagen vascular disease and chronic hypersensitivity
pneumonitis and familial pulmonary fibrosis can also present
with this pattern (17, 18). Several signs may help differentiate

A

FIGURE 2 | Axial and coronal images with straight edge sign characteristic of a UIP pattern associated with CTD.
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FIGURE 3 | Evolution of scleroderma from a cellular NSIP pattern to a mixed cellular and fibrotic pattern with bronchiectasis over the course of 10 months consistent

with progressive disease.
o
- a

FIGURE 4 | Typically the right lower lobe anterior bronchus (yellow arrow) follows a horizontal course but in this patient it is displaced posteriorly by volume loss and
fibrosis. The displacement of the bronchus can be followed to document disease progression.

4

FIGURE 5 | Evolution of hypersensitivity pneumonitis from non-fibrotic to fibrotic phenotype over a 39 month period.
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FIGURE 6 | Non-fibrotic sarcoidosis with pulmonary nodules in a
peri-lymphatic distribution.

UIP pattern associated with IPF from a UIP pattern of other
etiologies, these include the straight-edge sign, anterior upper
lobe sign, and exuberant honeycombing, which are more likely
to denote an underlying connective tissue disease rather than
IPF (19). Non-IPF ILD’, which usually have better survival than
IPE, carry similar mortality to IPF if radiologic honeycombing is
present (20).

Fibrosis of the lung increases the density of the lung which
is measured by Hounsfield units (HU). On chest CT, the normal
lung measures from —850HU. In contrast, fibrotic lung appears
whiter on CT with HUs of approximately —500 HU. Analysis of
extent of high density areas allows the radiologist to provide a
visual quantification of the amount of fibrosis (21). A grading
system can provide a visual quantification of fibrosis (22). Follow
up imaging can be used to assess the extent of conversion of
normal lung to fibrotic lung. Therefore, it follows that a person
who has progressive fibrosis would have a rate of change greater
than zero and there is the opportunity to differentiate rapid
progressors from slow progressors.

Not all patients who progress with IPF increase their extent
of disease. Some progress by changing from a probable UIP to a
UIP pattern with the development of honeycombing (Figure 1).
Previously we reviewed 103 patients with a working diagnosis
of IPF, 68 had a probable UIP pattern on the initial CT, 47%
progressed to a UIP pattern with honeycombing (HC) over 51
months, therefore having a progressive phenotype. Thirty five
patients had HC on the initial CT scan of which 57% increased
the extent of disease over 31 months, also progressive disease.
Enlarged pulmonary artery and emphysema were associated
with disease progression (22). Serial imaging is used to evaluate
progression which is not necessarily discovered between the first
and second HRCT scans. Serial CT scans have the added benefit
of the early identification of lung cancer (23).

Not all patients with connective tissue disease have an NSIP
pattern, some patients have a UIP pattern with exuberant
honeycombing and the straight edge sign (Figure 2) which can
also progress in extent over time (24).

FIGURE 7 | Stage 4 sarcoidosis is associated with progressive loss of volume
of the upper lobes with displacement of the right upper lobe bronchus
posteriorly as seen in this image.

TABLE 1 | Radiology features of progressive fibrotic interstitial lung disease.

General CT signs of
progression

Specific CT signs of
progression

UlP Increase extent of fibrosis Probable UIP to UIP pattern
NSIP Increase extent of fibrosis Cellular to fibrotic pattern
CHP Increase extent of fibrosis Cellular to fibrotic pattern
Sarcoid  Increase extent of fibrosis Nodular to fibrotic pattern

NONSPECIFIC INTERSTITIAL
PNEUMONITIS (NSIP)

NSIP is a homogeneous, lower lung predominant type of fibrosis
typically associated with connective tissue disease (CTD) (25).
People with an NSIP pattern are more likely to be younger, and
female gender (13). It has an overall better prognosis with fewer
exacerbations compared to UIP (26), the median survival is >9
years (13). The extent of disease can be measured visually and
progression noted when the extent of normal lung decreases. The
radiologists can also describe the progression from non-fibrotic
cellular NSIP with its predominant ground-glass opacity to
mixed cellular and fibrotic NSIP with ground glass opacities and
bronchiectasis and eventually fibrotic NSIP with the resolution
of the majority of ground glass and addition of honeycombing
in some patients (Figure 3). In a study of 108 patients with a
working diagnosis of CTD, the radiographic pattern of disease
changed over time in 35%. Sixty-three percent of patients had
increased extent of disease on CT over time (26). The progression
from a cellular phenotype to fibrosis is an important radiographic
observation and along with patients clinical status can define a
progressive phenotype.

Biomarkers are medical signs which can be measured and
used to diagnose disease (27). Radiology can function as a
biomarker. In fibrotic NSIP, the lower lobe predominant scarring
diminishes the volume of the inferior lung and displaces the
major fissures posteriorly, more so than UIP, which is also a lower
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lobe predominant fibrotic disease. An increase in the amount
of volume loss for this disease can be used in part to identify a
progressive phenotype (28) (Figure 4).

HYPERSENSITIVITY PNEUMONITIS (HP)

Patients with prolonged inhaled antigen exposure are at risk
for permanent scarring of the lung. Patients with this pattern
are more likely to be females and non-smokers (29). The
pathology demonstrates fibrosis along the airways which may
be associated with poorly formed granulomas (29). The latest
guidelines for HP diagnosis were set up by the ATS in 2020.
Three categories of confidence for HP diagnosis were listed,
typical HP, compatible with HP and indeterminate for HP (30).
Typical HP shows features of lung infiltration, with either mosaic
attenuation or ground glass opacifications, plus features of small
airway disease, with either air trapping or indistinct centrilobular
nodules. Both of these criteria must be diffuse in distribution.
The guidelines simplified the radiographic diagnosis further into
two subtypes, fibrotic and non-fibrotic. The fibrotic phenotype
is associated with greater traction bronchiectasis, architectural
distortion and volume loss. Just like NSIP and UIP, the extent
of disease can increase and suggest progression. In addition,
the stage of disease can evolve from mostly non-fibrotic ground
glass opacities which may resolve with antigen removal to a
fibrotic phase with predominantly bronchiectasis (Figure 5).
The change in stage with increased fibrosis represent disease
progression (31).
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