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Introduction
Interstitial lung diseases (ILDs) are a large and 
heterogeneous group of disorders, which in some 
cases become fibrotic and progressive. Idiopathic 
pulmonary fibrosis (IPF) is relentlessly progres-
sive1 and may be regarded as the ‘prototypic’ pro-
gressive fibrosing ILD.2 Other ILDs, such as 
fibrotic hypersensitivity pneumonitis (HP) and those  
associated with autoimmune diseases, may also 
develop progressive fibrosing disease behavior 
characterized by worsening respiratory symptoms 
and hypoxemia, decline in lung function, increas-
ing fibrotic abnormalities on  high-resolution 
computed tomography (HRCT), and early 
mortality.2,3

Diagnosis of fibrosing ILDs
A differential diagnosis of ILD is made based on a 
comprehensive medical history, clinical examina-
tion, serologies, HRCT, and, if needed, bronchoal-
veolar lavage or lung biopsy.1,4,5 Multidisciplinary 
discussion, involving a pulmonologist, a radiolo-
gist, and, where appropriate, a rheumatologist and 
pathologist, is regarded as the gold standard for dif-
ferential diagnosis of ILD.4,6 This approach may be 

particularly valuable in the diagnosis of autoim-
mune disease-related ILDs.7,8 Some patients do 
not fulfill the criteria for a specific ILD diagnosis 
even after multidisciplinary discussion; in such 
cases, a ‘working diagnosis’ may be appropriate but 
should be re-assessed regularly.4 Patients with 
interstitial lung abnormalities (ILAs) that do not 
meet criteria for diagnosis of ILD and who have 
risk factors for progression to ILD such as smoking 
or other inhalational exposures, or evidence of 
fibrosis, should be monitored closely to ensure that 
progression to ILD is detected promptly.9

Diagnostic criteria for IPF developed by the 
Fleischner Society4 and jointly by the American 
Thoracic Society, European Respiratory Society, 
Japanese Respiratory Society, and Latin American 
Thoracic Society1 proposed similar categories to 
interpret HRCT scans in patients suspected of 
having ILD. The categories proposed by the 
Fleischner Society are: typical usual interstitial 
pneumonia (UIP) CT pattern; probable UIP CT 
pattern; CT pattern indeterminate for UIP; CT 
features most consistent with a non-IPF diagno-
sis.4 A typical UIP pattern is defined by a periph-
eral and basal distribution of reticulation, 
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architectural distortion, traction bronchiectasis, 
and subpleural honeycombing (Figure 1). A 
probable UIP pattern has similar features but 
without honeycombing. Typical and probable 
UIP patterns usually preclude biopsy in patients 
suspected of having IPF. A pattern indeterminate 
for UIP has some inconspicuous features sugges-
tive of a non-UIP pattern such as a lack of an 
apical-basilar gradient or scattered mosaic atten-
uation. Features most consistent with a non-IPF 
diagnosis include atypical distributions such as 
mid- or upper-lung zone predominant fibrosis or 
peribronchovascular predominance with sub-
pleural sparing. Additional features that suggest 
an alternative diagnosis include extensive ground-
glass opacities (without acute exacerbation), 
extensive mosaic attenuation with sharply defined 
lobular air trapping on expiration involving three 

or more lobes, diffuse nodules or cysts. Certain 
patterns of fibrosis on HRCT are suggestive of 
specific diagnoses. Non-specific interstitial pneu-
monia (NSIP) typically manifests with peripheral 
ground-glass opacities that often demonstrate 
subpleural sparing (Figure 2(a)). Certain myositis 
syndromes such as the anti-synthetase syndrome 
often manifest with a combined NSIP/organizing 
pneumonia (OP) pattern (Figure 2(b)). The 
fibrotic form of HP should be considered with the 
‘three-density pattern’ (i.e. normal lung, hyperlu-
cent lung and ground-glass opacities), mid- and 
upper-lung zone distribution of fibrosis with 
ground-glass opacities, mosaic lung attenuation 
and expiratory air trapping (Figure 2(c) and (d)).5

Progression of fibrosing ILDs
IPF is always progressive, but its rate of progres-
sion varies among individuals and acute exacer-
bations of the disease are unpredictable and often 
fatal.1,10 Progressive disease behavior is also 
observed in a subgroup of patients with other 
fibrosing ILDs including fibrotic HP;5,11 ILDs 
associated with autoimmune diseases such as sys-
temic sclerosis,12,13 rheumatoid arthritis,14,15 and 
anti-synthetase myositis;16 sarcoidosis-related 
ILD;17 exposure-related ILDs;18 and unclassifia-
ble ILD.19

When a typical UIP-fibrotic pattern is present on 
HRCT, decline in lung function in patients with 
other ILDs may be as rapid as in patients with 
IPF.3,19–24 As well as decline in lung function, 
progression of ILD may manifest as an increase in 
the extent of fibrotic abnormalities on 
HRCT12,25,26 or as deterioration in symptoms, 
exercise capacity, or oxygen saturation during 
exercise, and quality of life.27–30

Although the course of fibrosing ILD is difficult 
to predict, observational studies have identified a 
number of factors associated with mortality. A 
greater extent of fibrosis on HRCT has been asso-
ciated with mortality in studies across 
ILDs.12,21,26,31–35 In an analysis of 519 patients 
with systemic sclerosis from a nationwide 
Norwegian cohort, the standardized mortality 
ratio over a mean observation period of 10 years 
increased from approximately 2 in patients with 
no fibrosis on HRCT to 5 in patients with an 
extent of fibrosis > 10% and 8 in those with an 
extent of fibrosis > 25%.12 In an analysis of data 
from 159 patients with RA-ILD, patients with an 

Figure 1. Typical usual interstitial pneumonia (UIP) 
pattern on high-resolution computed tomography 
(HRCT) of the chest in a 77-year-old man with 
idiopathic pulmonary fibrosis. (a) Axial and coronal 
(b) HRCT images show peripheral and basal 
predominant reticulation, architectural distortion, 
traction bronchiectasis (white arrowhead) and 
subpleural honeycombing (black arrow).
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extent of fibrosis ⩾ 20% on HRCT had over 
twice the risk of dying during a 14-year follow-up 
period than patients with a lesser extent of fibrosis.31 
In patients with HP, the predominant presence of 
fibrosis on HRCT or lung biopsy or both is the 
strongest predictor of mortality and led to the re-
categorization of HP into fibrotic and non-fibrotic 
subtypes in the latest international diagnostic 
guidelines.5

A decline in forced vital capacity (FVC) of ⩾ 10% 
of the predicted value has consistently been associ-
ated with mortality in patients with ILDs.3,24,34,36–38 
Among 331 patients with progressive fibrosing 
ILDs who received placebo in the INBUILD 
trial, a relative decline in FVC ⩾ 10% predicted 
was associated with a more than three-fold 
increase in the risk of death over 52 weeks.24 
Among 137 patients with RA-ILD at a US center, 

patients with an absolute decline in FVC ⩾ 10% 
predicted at any time over a median follow-up of 
4.8 years had a 2.5-fold greater death rate than 
patients without such a decline.36 An analysis of 
112 patients with chronic HP found that median 
survival was 53 months in patients who had an 
absolute decline in FVC ⩾ 10% predicted 6–12 
months after diagnosis, compared with 139 
months among those who did not.38

Factors specific to particular ILDs should also be 
considered. In patients with HP, lower lympho-
cyte count in bronchoalveolar lavage fluid39 and 
continued exposure to an inciting antigen40 are 
associated with worse outcome. In patients with 
autoimmune disease-related ILDs, several 
autoantibodies have been associated with a 
greater risk of progression of ILD; for example, 
anti-topoisomerase I (Scl-70) antibody in patients 

Figure 2. Patterns of fibrosis on high-resolution computed tomography (HRCT) scans of the chest suggestive 
of specific diagnoses. (a) Non-specific interstitial pneumonia (NSIP) in a 65-year-old man; axial HRCT 
image shows peripheral predominant ground-glass opacities with areas of subpleural sparing (arrows) 
typical of NSIP. (b) Anti-synthetase syndrome in a 52-year-old woman; axial HRCT image shows lower lobe 
peribronchovascular consolidation with traction bronchiectasis typical of a combined NSIP/organizing 
pneumonia (OP) pattern often seen with a myositis syndrome. Note areas of subpleural sparing in the left 
lower lobe. (c and d) Fibrotic hypersensitivity pneumonitis secondary to bird antigen exposure in a 54-year-
old man; axial (c) and coronal (d) HRCT images show mid- and upper-lung zone and peribronchovascular 
predominant fibrosis with traction bronchiectasis (arrow), mosaic attenuation (arrowhead) and areas of 
ground-glass opacity. Note three different lung densities in keeping with the ‘three-density pattern’ or 
headcheese sign.
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with early systemic sclerosis41 and anti-cyclic cit-
rullinated peptide antibody in patients with rheu-
matoid arthritis.35 In patients with antisynthetase 
myositis-ILD, negativity for anti-Jo-1 antibodies 
is associated with higher mortality.42

Monitoring of fibrosing ILDs
Close monitoring of patients with ILDs is impor-
tant to assess disease progression and inform 
patient care, such as initiation of pharmacotherapy 
and counseling. Monitoring should involve regular 
assessment of symptoms, physiology (e.g. pulmo-
nary function and six-minute walk testing) and, 
where appropriate, HRCT. International guide-
lines suggest that patients with IPF should have 
FVC and diffusing capacity of the lung for carbon 
monoxide (DLco) measured every 3 to 6 months 
(or sooner if clinically indicated).43 The 6-minute 
walk test can be a useful tool to assess disease pro-
gression in patients with IPF,44 but may be more 
challenging to perform in patients with rheumatic 
diseases due to the impact of extra-pulmonary 
problems affecting ambulation such as joint pain 
and fatigue. In addition, evaluation for oxygen 
desaturation and need for supplemental oxygen 
during a walk test in patients with Raynaud’s phe-
nomenon may be confounded by falsely low 
peripheral oxygen saturation readings (SpO2) due 
to reduced digital perfusion. In such patients, it 
may be useful to perform 6MWTs using both ear 
and finger pulse oximetry. Monitoring changes in 
symptoms may be based on a simple overall assess-
ment, but questionnaires can also be used 

to provide a more objective measure of disease 
progression.45 When interpreting patient-reported 
outcomes in patients with ILDs, it should be con-
sidered that deterioration in symptoms, exercise 
capacity, or quality of life may reflect deterioration 
in manifestations of disease other than ILD, or 
new or worsening comorbidities such as pulmo-
nary hypertension. Experts in the management of 
patients with SSc-ILD have proposed that patients 
should be monitored for disease progression every 
3–6 months using multiple methods, including 
symptom assessment, pulmonary function tests, 
exercise-induced blood oxygen desaturation and, 
where appropriate, HRCT.46–48 However, for most 
ILDs, there are no guidelines for how patients 
should be monitored. An individualized approach 
is essential, taking into account factors such as dis-
ease severity, evidence of progression, risk factors 
for progression, comorbidities, quality of life, and 
the patient’s preferences (Figure 3). Regular moni-
toring of patients with ILDs also provides an 
opportunity to screen for onset or deterioration of 
other disease manifestations and comorbidities. 
Imaging of patients with ILD and deteriorating 
respiratory symptoms may reveal problems other 
than progression of ILD such as lung carcinoma49 
(Figure 4).

There are no consensus recommendations regard-
ing imaging follow-up for patients with progres-
sive fibrosing ILDs. Many providers will obtain 
an HRCT at the patient’s initial presentation and 
then every 12–18 months to assess for progres-
sion. There are no data to support the use of chest 

Figure 3. Proposed approach to monitoring and management of non-IPF fibrosing ILDs.
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radiography over HRCT for follow-up of patients 
with confirmed ILD. More frequent imaging is 
often obtained when patients present with acute 
or worsening symptoms or declining pulmonary 
function tests.

Management of fibrosing ILDs
IPF is an inexorably progressive disease. As such, 
barring any contraindications, patients with IPF 
should be offered prompt treatment with an 
approved antifibrotic therapy (nintedanib or pir-
fenidone) to slow the progression of their dis-
ease.50 Immunosuppression should not be used 
for chronic treatment of IPF51 and there is evi-
dence that it may be harmful.52 As IPF progresses, 
action should be taken to optimize symptom relief 
and preserve quality of life, including referral for 
palliative care as appropriate.53 For fibrosing 
ILDs other than IPF, the optimal sequence, com-
bination and timing of use of immunosuppres-
sants, nintedanib, and supportive therapies has 
not been established. Management of these dis-
eases requires a multidisciplinary and individual-
ized approach that takes into account the severity 
of ILD, evidence of progression, other disease 
manifestations and comorbidities, as well as the 
patient’s preferences46,54–56 (Figure 3). For expo-
sure-related ILDs, such as HP, drug-induced 
ILD, and occupational ILDs/pneumoconioses, it 
is essential to identify, eliminate, and avoid cul-
prit exposures.

Based on data from the INPULSIS, SENSCIS 
and INBUILD trials (Table 1), nintedanib 150 
mg twice daily (or 100 mg twice daily for patients 
with mild hepatic impairment) has been approved 
by regulatory authorities including the US Food 
and Drug Administration (FDA) and the 
European Medicines Agency (EMA) for the treat-
ment of IPF, for slowing decline in FVC in 
patients with ILD associated with systemic scle-
rosis, and for the treatment of chronic fibrosing 
ILDs with a progressive phenotype. Although the 
INBUILD trial was not designed or powered to 
evaluate individual ILDs, subgroup analyses sug-
gested that there was no heterogeneity in the rate 
of decline in FVC in the placebo group24 or in the 
treatment effect of nintedanib across subgroups 
by ILD diagnosis62 (Figure 5). Further, a com-
parison of data from the placebo groups of the 
INPULSIS and INBUILD trials showed that the 
rate of decline in FVC over 52 weeks was similar 
in patients with IPF as in patients with other 
fibrosing ILDs and a UIP-like fibrotic pattern on 
HRCT (mean −223.2 versus −214.6 mL/year).24 
Across all clinical trials, the adverse events associ-
ated with nintedanib were predominantly gastro-
intestinal events, particularly diarrhea.59,63,64 
Diarrhea should be managed promptly with ade-
quate hydration and antidiarrheal agent (e.g. lop-
eramide), and with dose reduction from 150 mg 
twice daily to 100 mg twice daily or treatment 
interruption if symptoms persist.65 Liver enzymes 
and bilirubin should be monitored prior to the 

Figure 4. High-resolution computed tomography scans of the chest from a 68-year-old man with idiopathic 
pulmonary fibrosis and a right upper lobe lung cancer. Coronal images obtained in 2015 (left), 2018 (middle) 
and 2020 (right) show an enlarging subpleural nodule (arrow) in the right upper lobe proven to represent a 
primary lung cancer. Note peripheral right lower lobe reticulation and honeycombing in keeping with a usual 
interstitial pneumonia (UIP) pattern of fibrosis.
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initiation of nintedanib, at regular intervals dur-
ing the first 3 months of treatment, and then peri-
odically or as clinically indicated.65

Pirfenidone 801 mg three times daily has been 
approved for the treatment of IPF, based on dem-
onstration of a reduced rate of decline in FVC 
compared with placebo in the ASCEND trial61 
(Table 1). A randomized, placebo-controlled trial 
of pirfenidone in 253 patients with progressive 
fibrosing unclassifiable ILD failed to meet its pri-
mary endpoint of change in FVC % predicted over 
24 weeks measured by daily home spirometry, but 
in-clinic spirometry suggested that pirfenidone 
reduced the rate of decline in FVC, with a mean 
decline of −17.8 mL in the pirfenidone group 
compared to −113.0 mL in the placebo group.19 
Commonly reportedly side-effects associated with 
pirfenidone included gastrointestinal disorders, 
photosensitivity and rash.19,61,60 Patients are 
advised to avoid exposure to sunlight and to wear 
protective clothing and sunscreen. Adverse events 
can be managed by dose reductions or treatment 
interruptions.66 Liver enzymes and bilirubin should 
be monitored prior to the initiation of pirfenidone, 
monthly for the first 6 months, and every 3 months 
thereafter.66 No clinical trials assessing the efficacy 
of pirfenidone in treating ILDs other than IPF and 

unclassifiable ILD have been completed but sev-
eral are in progress (NCT03260556, 
NCT02808871, NCT03856853).

In patients with IPF, treatment with nintedanib 
plus add-on pirfenidone or pirfenidone plus add-
on nintedanib over 24 weeks demonstrated a 
safety and tolerability profile in line with the 
adverse event profiles of each drug.67,68 Few data 
are available on switching between antifibrotic 
therapies. Among 782 patients in a large US reg-
istry, most patients taking an antifibrotic therapy 
at enrollment were still taking the same therapy 
approximately 6 months later.69

Most patients with autoimmune diseases are 
receiving immunosuppressant therapy to treat 
their systemic disease irrespective of whether they 
have ILD. There is evidence from randomized, 
double-blind, controlled trials to support the use 
of mycophenolate mofetil and cyclophosphamide 
in the treatment of SSc-ILD70–72 and the use of 
these therapies has been recommended by experts 
in the field.46–48 No other randomized, double-
blind controlled trials have demonstrated a bene-
fit of immunosuppressant therapy in the treatment 
of autoimmune disease-associated ILDs, but they 
are widely used,73 likely based on extrapolation 

Figure 5. Subgroup analysis of treatment effect of nintedanib versus placebo on rate of decline in FVC (mL/year) over 52 weeks in 
patients with progressive fibrosing ILDs other than IPF in the INBUILD trial. Reprinted from Wells and colleagues,62 Copyright (2020), 
with permission from Elsevier.
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from findings in patients with SSc-ILD and the 
findings of uncontrolled studies. High RA disease 
activity has been associated with increased risk of 
developing RA-ILD,74 suggesting that treatment 
of underlying rheumatic disease may also influ-
ence ILD risk. Immunosuppressants are also fre-
quently used to treat fibrotic HP, but in the 
absence of well-designed prospective randomized 
controlled trials, it remains unclear whether they 
are effective in slowing its progression.75,76

At present, neither expert consensus nor clinical 
practice guidelines exist for specific pharmaco-
logic treatment of progressive fibrosing ILDs. If 
the decision is made to start treatment, we believe 
that an initial ILD diagnosis established by a 
multidisciplinary discussion should inform the 
initial treatment choice (e.g. antifibrotics for IPF, 
immunosuppression for CTD-ILDs and non-
fibrotic HP). If immunosuppression is contrain-
dicated, not tolerated, or declined due to patient 
preference, nintedanib (the only antifibrotic drug 
currently approved for non-IPF ILD indications) 

should be considered. Of note, high-quality data 
are lacking regarding optimal first-line treatment 
for various non-IPF ILDs. For patients with pro-
gressive fibrosing ILD, as defined by the 
INBUILD trial criteria,59 despite or in lieu of 
immunosuppression (e.g. due to recurrent infec-
tion), nintedanib may be a reasonable choice as 
monotherapy or as add-on combination therapy 
with immunosuppressive agents.

Patients with fibrosing ILDs may benefit from 
non-pharmacological therapies such as smoking 
cessation, pulmonary rehabilitation, exercise 
training, and attendance at patient support groups 
(Figure 6).77,78 An official clinical practice guide-
line recently published by the ATS provided 
strong recommendations for long-term oxygen 
use in patients with ILD and severe chronic rest-
ing hypoxemia and conditional recommendations 
for oxygen use in patients with ILD and severe 
exertional hypoxemia, while recognizing that 
patients and their caregivers need education on 
how to use oxygen equipment.79

Figure 6. Beyond pharmacotherapy: a holistic approach to care for patients with fibrosing interstitial lung 
diseases (ILDs).
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The treatment of patients with fibrosing ILDs 
should be re-assessed if symptoms or lung func-
tion deteriorate, ideally based on multidisciplinary 
discussion. Select patients with rapidly progres-
sive SSc at risk of organ failure may be considered 
for autologous hematopoietic stem cell transplan-
tation at specialized centers, based on a careful 
assessment of the potential risks-benefits for the 
individual.80 Lung transplantation should be con-
sidered for patients with IPF at an early stage of 
disease.43 A consensus statement from the 
International Society for Heart and Lung 
Transplantation (ISHLT) specified that referral 
for lung transplantation should be based on pre-
dictors of poor prognosis such as histopathologic 
or radiographic evidence of UIP or fibrosing 
NSIP, impaired lung function (FVC < 80% pre-
dicted, DLCO < 40% predicted), or supplemental 
oxygen use. The timing of listing for transplanta-
tion should be based on factors indicating physio-
logical decline such as a decline in FVC ⩾ 10% 
predicted, a decline in DLco ⩾ 15% predicted 
over 6 months, or hospitalization due to respira-
tory decline.81 Similar guidance was provided for 
patients with autoimmune disease-associated ILD 
who have not responded to treatment and do not 
have extrapulmonary contraindications to trans-
plantation.81 Survival rates after lung transplant 
appear to be similar between patients with IPF 
and patients with autoimmune disease-associated 
ILDs82,83 or sarcoidosis.84 Survival rates after lung 
transplant among patients with HP may be 
greater85 but more data are needed.

Conclusions
Fibrosing ILDs have an unpredictable clinical 
course. A proportion of patients with fibrosing 
ILDs develop a progressive phenotype character-
ized by worsening symptoms, declining exercise 
capacity, increasing hypoxemia, decline in lung 
function, increasing fibrotic abnormalities on 
HRCT, and early mortality. Patients with fibros-
ing ILDs require close monitoring to ensure that 
disease progression is identified promptly. The 
management of patients with fibrosing ILDs 
requires a multidisciplinary and individualized 
approach.
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