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Abstract

Idiopathic pulmonary fibrosis (IPF) is a progressive, fatal interstitial lung disease (ILD) with an unpredictable clinical
course. Although IPF is rare, healthcare professionals should consider IPF as a potential cause of unexplained
chronic dyspnea and/or cough in middle-aged/elderly patients and refer patients to a pulmonologist for evaluation.
Making a diagnosis of IPF requires specialist expertise. Multidisciplinary discussion, involving at minimum a
pulmonologist and a radiologist with expertise in the differential diagnosis of ILDs, is required to ensure the most
accurate diagnosis. Prompt diagnosis of IPF is important to enable patients to receive appropriate care from an
early stage. Optimal management of IPF involves the use of antifibrotic drugs, as well as the provision of supportive
care to alleviate symptoms and preserve patients’ quality of life. Antifibrotic drugs have been shown to slow lung
function decline seen in patients with IPF. Patients’ symptoms and functional capacity can be improved through
participation in pulmonary rehabilitation programs and the use of supplemental oxygen. Patient education is
essential to help patients understand and manage their disease. The identification and management of
comorbidities, such as obstructive sleep apnea, pulmonary hypertension, and emphysema, is also an important
element of the overall care of patients with IPF. Patients with IPF should be evaluated for lung transplantation at an
early stage to maximize their chances of meeting eligibility criteria. In this review, we describe the clinical course
and impact of IPF and best practice in its management, highlighting the importance of taking a patient-centered
approach.
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Background
IPF is an interstitial lung disease (ILD) of unknown
cause characterized by progressive fibrosis of the lungs
with a radiologic or histopathologic pattern known as
usual interstitial pneumonia (UIP) [1]. IPF is a rare dis-
ease, but its reported incidence appears to be increasing
as it becomes more widely recognized [2]. IPF is more
common in current/former smokers, in men, and usually
presents in patients in their sixties [3]. Progression of
IPF is characterized by decline in lung function, worsen-
ing symptoms of dyspnea and cough, and deterioration
in quality of life. As the disease progresses, patients’ abil-
ity to perform everyday activities becomes increasingly
impaired and the social and emotional impact of the dis-
ease takes its toll [4–6]. Given this, care given to patients
with IPF should be multi-faceted and attempt to

improve the quality of life of the patient while slowing
decline in lung function. In this review, we will describe
the clinical course and impact of IPF and best practice
in its management, highlighting the importance of taking
a patient-centered approach to care.

Natural history of IPF
IPF has a variable clinical course [7]. Some patients pro-
gress relatively slowly; others have a rapid decline in lung
function leading to death; and others suffer a stepwise loss
of lung function with periods of relative stability (Fig. 1).
Acute deteriorations in respiratory function in patients
with IPF, known as acute exacerbations, usually result in
hospitalization and are associated with very high mortality
[9]. The median survival of patients with IPF who experi-
ence an acute exacerbation is approximately 3 to 4months
[9]. Although the course of IPF is variable, its overall prog-
nosis is poor, with a median post-diagnosis survival in
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Fig. 1 Examples of disease course in patients with IPF. Daily FVC measurements for subjects with (a) inexorably progressive disease, (b) rapidly
progressive disease, and (c) an acute exacerbation. Each point represents a single FVC measurement. From: Russell et al., 2016 [8]. Reprinted with
permission of the American Thoracic Society. Copyright© 2018 American Thoracic Society. Russell AM, et al./2016/Daily home spirometry: an
effective tool for detecting progression in idiopathic pulmonary fibrosis/Am J Respir Crit Care Med/194/989–997. The American Journal of
Respiratory and Critical Care Medicine is an official journal of the American Thoracic Society

Quinn et al. Multidisciplinary Respiratory Medicine           (2019) 14:35 Page 2 of 9



patients not receiving antifibrotic therapy or lung trans-
plant of only 3–4 years [2, 10].
Patients are often delayed in receiving a diagnosis of

IPF, as its non-specific symptoms are easily mistaken for
those of more common diseases such as chronic ob-
structive pulmonary disease (COPD), gastroesophageal
reflux disease (GERD), or heart disease [11, 12]. It is im-
portant that healthcare professionals consider IPF as a
potential diagnosis in middle-aged/elderly patients who
present with unexplained chronic dyspnea and/or cough.
Bilateral inspiratory crackles that sound like “Velcro” be-
ing torn apart on chest auscultation are an early sign of
IPF and should increase a clinician’s index of suspicion
for this disease [13]. Patients with a suspected ILD
should be promptly referred to a pulmonologist with ex-
pertise in the diagnosis of ILDs. Making a diagnosis of
IPF is challenging and requires specialist expertise to ex-
clude other conditions that have a similar clinical and
radiological presentation, such as chronic hypersensitiv-
ity pneumonitis or ILDs related to autoimmune diseases
[14]. Multidisciplinary discussion, involving a pulmonol-
ogist, radiologist and, when appropriate, a pathologist
and/or rheumatologist, is recommended to enable the
most accurate diagnosis to be made [1, 15] (Fig. 2).
Several large studies have identified predictors of mor-

tality in patients with IPF, such as decline in forced vital
capacity (FVC), diffusion capacity for carbon monoxide
(DLco), or 6-min walk distance [16–18]. The GAP index
and staging system is a simple categorization method,

developed based on three cohorts of patients in real-
world settings, that can be used to predict mortality in
patients with IPF based on gender, age, FVC % pre-
dicted, and DLco % predicted [19]. However, none of
the tools that are currently available enable a robust pre-
diction of the course of disease to be made at diagnosis.
In particular, preservation of FVC at any given time
point is no guarantee that FVC will continue to remain
stable and acute exacerbations can occur even in pa-
tients with well-preserved lung function [20]. This cre-
ates challenges for healthcare professionals in counseling
patients about what they should expect in the months or
years following a diagnosis of IPF. Regular follow-up
visits with frequent monitoring of pulmonary function
and 6-min walk tests are important to monitor how a
patient’s disease is progressing and to enable timely dis-
cussions to be held about potential changes to their care,
including discussion of palliative care when needed.

Pharmacological treatments
In most countries, two drugs are approved for the treat-
ment of IPF: nintedanib and pirfenidone. Both of these
drugs received conditional recommendations for use in
the latest international treatment guideline for IPF, indi-
cating that they are appropriate choices for a majority of
patients, while acknowledging that patients’ preferences
should be taken into account when making therapeutic
decisions [21]. Studies conducted in cellular systems and

Fig. 2 The patient journey in idiopathic pulmonary fibrosis
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animal models of lung fibrosis suggest that nintedanib
and pirfenidone inhibit processes that are fundamental
to the progression of fibrosis such as the proliferation,
migration and differentiation of fibroblasts and the de-
position of extracellular matrix components such as col-
lagen in the lungs [22, 23]. Large clinical trials have
shown that in patients with IPF with mild or moderate
impairment in lung function (FVC > 50% predicted),
nintedanib and pirfenidone reduce the rate of decline in
FVC by approximately 50% over 1 year of treatment
(Fig. 3) [25, 26]. Importantly, the effect of these drugs on
reducing decline in FVC has been shown to be consist-
ent across the spectrum of baseline FVC studied and
across subgroups by age, race, gender and concomitant
medication use [20, 27–30]. Long-term data from the
open-label extension trials of the randomized placebo-
controlled trials of nintedanib [30] and pirfenidone [31]
suggest that the reductions in FVC decline persist for
several years, with no new safety signals identified .
In addition to reducing the rate of FVC decline, there

is some evidence that nintedanib and pirfenidone may
reduce the risk of severe acute deteriorations in lung
function [32, 33] and improve life expectancy [34, 35].
However, neither drug provides significant relief from
the symptoms of IPF, nor an improvement in patients’
quality of life. It is important that healthcare profes-
sionals manage patients’ expectations of treatment by
explaining to them that the aim of drug therapy is to
slow the progression of their disease and that it is un-
likely that they will see an improvement in their lung
function or symptoms.
The side-effect profiles of nintedanib and pirfenidone

are characterized predominantly by gastrointestinal

events such as diarrhea, nausea and vomiting [36–38].
By advising patients on the adverse events that may be
associated with antifibrotic treatment and the most ap-
propriate ways to manage them, healthcare professionals
play a key role in helping patients with IPF remain on
therapy. In most patients, the gastrointestinal side-
effects associated with these drugs can be managed
through dose adjustment, treatment interruption, and
measures to manage symptoms, including adequate hy-
dration and the use of loperamide or antiemetics. Im-
portantly, the dose adjustments used to manage the side
effects of nintedanib and pirfenidone have been shown
not to reduce the efficacy of these medications in redu-
cing lung function decline [39, 40].
Elevations in liver enzymes occur in a small proportion

of patients treated with antifibrotic therapy. It is recom-
mended that liver enzymes be monitored during the first
3 months of nintedanib treatment, and periodically
thereafter or as clinically indicated. Liver enzymes
should be monitored monthly for the first 6 months of
pirfenidone treatment, and every 3 months thereafter. In
addition, it is important that liver function is measured
promptly in patients who experience symptoms that
may be a sign of liver injury, including fatigue, anorexia,
right upper abdominal discomfort, dark urine, or jaun-
dice. Treatment with pirfenidone may be associated with
photosensitivity and rash (Fig. 4) so it is recommended
that patients avoid exposure to sunlight and sunlamps,
and wear sunscreen and protective clothing.
Arterial thromboembolic events have been reported in

patients taking nintedanib, and it is recommended that
caution be used when treating patients at higher cardio-
vascular risk, including known coronary artery disease.

Fig. 3 Effect of antifibrotic therapies on lung function decline [24]. Reprinted from The Lancet, Vol. 389, Richeldi L, et al., Idiopathic pulmonary
fibrosis, Page No. 1941–1952., Copyright (2017), with permission from Elsevier
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In the Phase III INPULSIS trials, a higher proportion of
patients in the nintedanib than the placebo group had
myocardial infarction (2.7% versus 1.2%), whereas a
lower proportion of patients in the nintedanib than the
placebo group had other ischemic heart disease (1.7%
versus 3.1%) [42]. Reassuringly, the incidence rate of
myocardial infarction reported in post-marketing sur-
veillance in the US in the year following the launch of
nintedanib as a treatment for IPF (10 per 1000 patient–
years) was lower than that observed in patients treated
with nintedanib in the INPULSIS trials (17 per 1000 pa-
tient–years) [43].

As an inhibitor of the vascular endothelial growth fac-
tor receptor [22], nintedanib is associated with an in-
creased risk of bleeding. Thus patients at known risk of
bleeding, including those treated with full-dose anticoag-
ulants or high-dose antiplatelet therapy, were excluded
from clinical trials of nintedanib. In the Phase III
INPULSIS trials, bleeding events were reported in 10
and 8% of patients with IPF treated with nintedanib and
placebo, respectively, with nose-bleed being the most
commonly observed type of bleeding event [42]. In US
post-marketing surveillance data, the overall incidence
of bleeding, and the most common types of bleeding
events, were very similar to observations in nintedanib-
treated patients in the INPULSIS trials [43].
Other than nintedanib and pirfenidone, the medica-

tions that are commonly used to treat IPF are not sup-
ported by a robust evidence base. A 24-week
randomised trial of nintedanib plus sildenafil versus nin-
tedanib alone in patients with IPF and severe impair-
ment in gas exchange found that the combination
provided no significant benefit on quality of life com-
pared with nintedanib alone, but was associated with a
numerical benefit on FVC decline [44]. The use of anti-
acid medications in patients with IPF and asymptomatic
GERD was given a conditional recommendation in the
latest international treatment guidelines [21], but re-
mains controversial given the lack of randomized con-
trolled trials to support their efficacy in IPF and
concerns over potential safety issues [29, 45–47]. Re-
cently, a small randomised trial conducted in IPF pa-
tients with abnormal acid levels confirmed by 24-h pH
testing found that there was no significant difference in
FVC decline over 48 weeks in patients who did (n = 27)
and did not (n = 20) undergo laparoscopic anti-reflux
surgery [48]. Triple therapy with prednisone, azathio-
prine, and N-acetylcysteine (NAc), once regarded as
standard of care for IPF, was shown in a large placebo-
controlled trial to be harmful and should be avoided
[49]. There is no evidence to support the use of immu-
nosuppressants as a chronic therapy for patients with
IPF, although international guidelines provide a weak
recommendation for the use of corticosteroids in pa-
tients with an acute exacerbation based on very low-
quality evidence [50]. Anticoagulants appear to be harm-
ful to patients with IPF and should not be used in its
treatment [21, 51, 52].
The antioxidant NAc is a popular therapy in patients

with IPF and has a good safety and tolerability profile,
but the largest trial of NAc in patients with IPF showed
no efficacy of NAc compared to placebo in reducing
FVC decline over 60 weeks of treatment [53]. Further,
there is some evidence, albeit from a single 24-week
study, that the addition of NAc to pirfenidone therapy
may reduce the effectiveness of pirfenidone in reducing

Fig. 4 Photosensitivity in pirfenidone-treated patients [41]. Reprinted
by permission from RightsLink®: Springer, Advances in Therapy,
31(4):375–91, Pirfenidone in idiopathic pulmonary fibrosis: expert
panel discussion on the management of drug-related adverse
events, Costabel U, et al., Copyright® 2014
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lung function decline, possibly by reducing its bioavail-
ability [54].

Supportive care
Patients with IPF benefit from a holistic approach to
care that goes beyond drug therapy and also encom-
passes patient education, symptom relief, and the man-
agement of comorbidities (Fig. 5). Pulmonary
rehabilitation has been shown to provide short-term
benefits in regards to dyspnea, functional capacity and
quality of life [55, 56] and is recommended in inter-
national treatment guidelines [21]. The cornerstone of
pulmonary rehabilitation is exercise training, which may
involve aerobic exercise (e.g. cycling or walking), resist-
ance training, flexibility training and advice on breathing
techniques. Supplemental oxygen is recommended for
patients with IPF and significant resting hypoxemia,
commonly defined as a resting SpO2 of < 88%, and is fre-
quently used by patients with advanced disease, but
more research is needed to establish its impact on pa-
tients [57]. There is evidence that supplemental oxygen
improves exercise capacity and quality of life in patients
with ILD, but its effects on exertional dyspnea are incon-
sistent [57, 58].
The use of opioids to provide symptomatic relief in

patients with IPF remains controversial, with few data
available to guide therapeutic decision-making. When
administered systemically, opioids have been associated
with an improvement in dyspnea and exercise capacity
in patients with IPF; however, side effects like constipa-
tion should be monitored [59]. Data from large random-
ized placebo-controlled trials are needed to establish the
risk:benefit of opioid use in patients with IPF. The cough

associated with IPF poses major challenges to patients
and clinicians as it is often distressing for patients and is
refractory to typical anti-tussive treatments [60]. Vac-
cines against pneumonia, influenza, and other respira-
tory infections should be offered to all patients with IPF,
as such infections can have a serious impact on patients
with impaired lung function and may result in an acute
exacerbation. Patients should also be educated about in-
fection prevention practices, such as hand hygiene and
avoiding contact with people known to be unwell.
The identification and management of comorbidities

such as GERD, pulmonary hypertension, cardiovascular
disease, COPD/emphysema, and sleep apnea is an im-
portant part of the overall care of patients with IPF and
affect prognosis [61]. It is important that healthcare pro-
fessionals take a proactive approach to diagnosing and
managing comorbidities in patients with IPF, as this can
bring substantial benefits; for example, management of
cough due to a comorbidity, or helping a patient to im-
prove their sleep, might substantially improve a patient’s
quality of life. Polypharmacy should be borne in mind as
many patients with IPF are elderly and are taking several
medications, which may reduce adherence to treatment
and increase the risk of adverse events [62]. Depression
and anxiety are often overlooked in patients with IPF yet
can have a profound impact on quality of life [5]. Issues
around patient frailty should also be considered.
Patient education and support are essential to helping

patients deal with the consequences of living with IPF.
Patients and their families need information at the time
of diagnosis, but there may be value in pacing the deliv-
ery of some information as the disease progresses [63,
64]. Healthcare professionals need to bear in mind that

Fig. 5 A holistic approach to the management of patients with IPF
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most patients will have read information about IPF on
the Internet that has scared them and that may well be
inaccurate or out of date [65]. Qualitative research based
on semi-structured interviews with patients with IPF has
described the value of support groups in helping patients
to develop problem-focused coping strategies on how to
live with their condition [66]. Local or national patient
support groups such as the Pulmonary Fibrosis Founda-
tion (www.pulmonaryfibrosis.org) can be of great help in
providing educational resources, advice and emotional
support to patients and their caretakers. In addition, pa-
tients taking an antifibrotic drug have access to 24/7
support lines staffed by trained nursing professionals,
which provide general information on IPF as well as infor-
mation on drug therapies (https://www.ofev.com/support/
open-doors; https://www.esbriethcp.com/ipf-patient-assist-
ance/patient-education-inspiration.html).
All patients with IPF should have access to palliative

care, which should include a careful assessment of the
patient’s priorities and respect the preferences of the pa-
tient and their family [67]. An early and multidisciplin-
ary approach to the provision of palliative care in the
outpatient setting may help reduce hospitalizations and
make it more likely that patients who wish to do so can
die at home rather than in hospital [68].

Lung transplantation
Lung transplantation offers a survival advantage to select
patients with IPF and should be considered as an option
for patients who meet eligibility criteria. Recent data
from the registry run by the International Society for
Heart and Lung Transplantation suggest that median
post-transplant survival in patients with IPF is approxi-
mately 5 years [69]. Survival following lung transplant is
slightly worse in patients with restrictive lung diseases
than in patients with other indications for transplant
[70]. International guidelines recommend that patients
with IPF be evaluated for lung transplant at an early
stage, due to the progressive and unpredictable nature of
the disease [50, 71]. Early referral also enables initiation
of patient education and allows time to address potential
barriers to transplantation, such as obesity, nutritional
status, deconditioning, and poor control of other med-
ical conditions [71, 72].

Conclusions
Management of IPF should be multi-faceted, multi-
disciplinary and patient-centric. Antifibrotic therapies
reduce the rate at which IPF progresses but do not alle-
viate the symptoms of the disease. Pulmonary rehabilita-
tion and the use of supplemental oxygen can help to
relieve dyspnea and improve patients’ quality of life.
Measures to prevent infections are important to reduce
the risk of acute exacerbations of the disease, which are

associated with high morbidity and mortality. Healthcare
professionals play a key role in helping patients, families,
and caregivers live with the consequences of IPF from
diagnosis until end of life.

Abbreviations
COPD: Chronic obstructive pulmonary disease; DLco: Diffusion capacity for
carbon monoxide; FVC: Forced vital capacity; GERD: Gastroesophageal reflux
disease; ILD: Interstitial lung disease; IPF: Idiopathic pulmonary fibrosis;
NAc: N-acetylcysteine; UIP: Usual interstitial pneumonia

Acknowledgements
Writing support was provided by Julie Fleming, BSc and Wendy Morris, MSc
of FleishmanHillard Fishburn, London, UK which was contracted and funded
by Boehringer Ingelheim Pharmaceuticals, Inc. Boehringer Ingelheim was
given the opportunity to review the manuscript for medical and scientific
accuracy as well as intellectual property considerations.

Authors’ contributions
All authors contributed in writing the manuscript. All authors read and
approved the final manuscript.

Funding
The authors received no direct compensation for the development of this
manuscript.

Availability of data and materials
Not applicable.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
Caitlin Quinn reports personal fees from Boehringer Ingelheim. Amy Wisse
and Stephenie T. Manns have nothing to disclose.

Author details
1Emory Critical Care Center, 1364 Clifton Road, NE, Atlanta, GA 30322, USA.
2Medical University of South Carolina (MUSC), 25 Courtenay Drive, MSC 114,
Charleston, SC 29425, USA. 3Pulmonary and Critical Care Medicine, Wake
Med Brier Creek Healthplex, Brier Creek, 8001 TW Alexander Drive, Suite 218,
Raleigh, NC 27617, USA.

Received: 24 April 2019 Accepted: 5 September 2019

References
1. Raghu G, Remy-Jardin M, Myers JL, Richeldi L, Ryerson CJ, Lederer DJ,

et al. Diagnosis of idiopathic pulmonary fibrosis. An official ATS/ERS/
JRS/ALAT clinical practice guideline. Am J Respir Crit Care Med. 2018;
198:e44–68.

2. Strongman H, Kausar I, Maher TM. Incidence, prevalence, and survival of
patients with idiopathic pulmonary fibrosis in the UK. Adv Ther. 2018;35:
724–36.

3. Guenther A, Krauss E, Tello S, Wagner J, Paul B, Kuhn S, et al. The European
IPF registry (eurIPFreg): baseline characteristics and survival of patients with
idiopathic pulmonary fibrosis. Respir Res. 2018;19:141.

4. Kreuter M, Swigris J, Pittrow D, Geier S, Klotsche J, Prasse A, et al. Health
related quality of life in patients with idiopathic pulmonary fibrosis in
clinical practice: INSIGHTS-IPF registry. Respir Res. 2017;18(1):18–139.

5. Glaspole IN, Chapman SA, Cooper WA, Ellis SJ, Goh NS, Hopkins PM, et al.
Health-related quality of life in idiopathic pulmonary fibrosis: data from the
Australian IPF registry. Respirology. 2017;22:950–6.

6. Food and Drug Administration (2015). The voice of the patient. Idiopathic
pulmonary fibrosis. Available from: http://www.fda.gov/ForIndustry/
UserFees/PrescriptionDrugUserFee/ucm368342.htm

Quinn et al. Multidisciplinary Respiratory Medicine           (2019) 14:35 Page 7 of 9

http://www.pulmonaryfibrosis.org
http://www.fda.gov/ForIndustry/UserFees/PrescriptionDrugUserFee/ucm368342.htm
http://www.fda.gov/ForIndustry/UserFees/PrescriptionDrugUserFee/ucm368342.htm


7. Kim HJ, Perlman D, Tomic R. Natural history of idiopathic pulmonary fibrosis.
Respir Med. 2015;109:661–70.

8. Russell AM, Adamali H, Molyneaux PL, Lukey PT, Marshall RP, Renzoni EA,
et al. Daily home spirometry: an effective tool for detecting progression in
idiopathic pulmonary fibrosis. Am J Respir Crit Care Med. 2016;194:989–97.

9. Collard HR, Ryerson CJ, Corte TJ, Jenkins G, Kondoh Y, Lederer DJ, et al.
Acute exacerbation of idiopathic pulmonary fibrosis. An international
working group report. Am J Respir Crit Care Med. 2016;194:265–75.

10. Fernández Pérez ER, Daniels CE, Schroeder DR, St Sauver J, Hartman TE,
Bartholmai BJ, et al. Incidence, prevalence, and clinical course of idiopathic
pulmonary fibrosis: a population-based study. Chest. 2010;137:129–37.

11. Collard HR, Tino G, Noble PW, Shreve MA, Michaels M, Carlson B,
Schwarz MI. Patient experiences with pulmonary fibrosis. Respir Med.
2007;101:1350–4.

12. Hewson T, McKeever TM, Gibson JE, Navaratnam V, Hubbard RB, Hutchinson
JP. Timing of onset of symptoms in people with idiopathic pulmonary
fibrosis. Thorax. 2017. https://doi.org/10.1136/thoraxjnl-2017-210177.

13. Cottin V, Cordier JF. Velcro crackles: the key for early diagnosis of idiopathic
pulmonary fibrosis. Eur Respir J. 2012;40:519–21.

14. Alhamad EH, Cosgrove GP. Interstitial lung disease: the initial approach. Med
Clin North Am. 2011;95:1071–93.

15. Lynch DA, Sverzellati N, Travis WD, Brown KK, Colby TV, Galvin JR, et al.
Diagnostic criteria for idiopathic pulmonary fibrosis: a Fleischner Society
White Paper. Lancet Respir Med. 2018;6:138–53.

16. du Bois RM, Albera C, Bradford WZ, Costabel U, Leff JA, Noble PW, Sahn SA,
Valeyre D, Weycker D, King TE Jr. 6-minute walk distance is an independent
predictor of mortality in patients with idiopathic pulmonary fibrosis. Eur
Respir J. 2014;43:1421–9.

17. Paterniti MO, Bi Y, Rekić D, Wang Y, Karimi-Shah BA, Chowdhury BA. Acute
exacerbation and decline in forced vital capacity are associated with
increased mortality in idiopathic pulmonary fibrosis. Ann Am Thorac Soc.
2017;14(9):1395–402.

18. Doubková M, Švancara J, Svoboda M, Šterclová M, Bartoš V, Plačková M,
et al. EMPIRE registry, Czech part: impact of demographics, pulmonary
function and HRCT on survival and clinical course in idiopathic pulmonary
fibrosis. Clin Respir J. 2018;12:1526–35.

19. Ley B, Ryerson CJ, Vittinghoff E, Ryu JH, Tomassetti S, Lee JS, Poletti V,
Buccioli M, Elicker BM, Jones KD, King TE Jr, Collard HR. A multidimensional
index and staging system for idiopathic pulmonary fibrosis. Ann Intern Med.
2012;156:684–91.

20. Kolb M, Richeldi L, Behr J, Maher TM, Tang W, Stowasser S, et al. Nintedanib
in patients with idiopathic pulmonary fibrosis and preserved lung volume.
Thorax. 2017;72:340–6.

21. Raghu G, Rochwerg B, Zhang Y, Garcia CA, Azuma A, Behr J, et al. An official
ATS/ERS/JRS/ALAT clinical practice guideline: treatment of idiopathic
pulmonary fibrosis. An update of the 2011 clinical practice guideline. Am J
Respir Crit Care Med. 2015;192:e3–19.

22. Wollin L, Wex E, Pautsch A, Schnapp G, Hostettler KE, Stowasser S, Kolb M.
Mode of action of nintedanib in the treatment of idiopathic pulmonary
fibrosis. Eur Respir J. 2015;45:1434–45.

23. Conte E, Gili E, Fagone E, Fruciano M, Iemmolo M, Vancheri C. Effect of
pirfenidone on proliferation, TGF-β-induced myofibroblast differentiation
and fibrogenic activity of primary human lung fibroblasts. Eur J Pharm Sci.
2014;58:13–9.

24. Richeldi L, Collard HR, Jones MG. Idiopathic pulmonary fibrosis. Lancet.
2017;389:1941–52.

25. King TE Jr, Bradford WZ, Castro-Bernardini S, Fagan EA, Glaspole I, Glassberg
MK, et al. A phase 3 trial of pirfenidone in patients with idiopathic
pulmonary fibrosis. N Engl J Med. 2014;370:2083–92.

26. Richeldi L, du Bois RM, Raghu G, Azuma A, Brown KK, Costabel U, et al.
Efficacy and safety of nintedanib in idiopathic pulmonary fibrosis. N Engl J
Med. 2014;370:2071–82.

27. Albera C, Costabel U, Fagan EA, Glassberg MK, Gorina E, Lancaster L, et al.
Efficacy of pirfenidone in patients with idiopathic pulmonary fibrosis with
more preserved lung function. Eur Respir J. 2016;48:843–51.

28. Costabel U, Inoue Y, Richeldi L, Collard HR, Tschoepe I, Stowasser S, et al.
Efficacy of nintedanib in idiopathic pulmonary fibrosis across prespecified
subgroups in INPULSIS. Am J Respir Crit Care Med. 2016;193:178–85.

29. Costabel U, Behr J, Crestani B, Stansen W, Schlenker-Herceg R, Stowasser S,
Raghu G. Anti-acid therapy in idiopathic pulmonary fibrosis: insights from
the INPULSIS trials. Respir Res. 2018;19:167.

30. Crestani B, Huggins JT, Kaye M, Costabel U, Glaspole I, Ogura T, et al. Long-
term treatment with nintedanib in patients with idiopathic pulmonary
fibrosis: results from INPULSIS-ON. Lancet Respir Med. 2019;7:60–8.

31. Costabel U, Albera C, Lancaster LH, Lin CY, Hormel P, Hulter HN, et al. An
open-label study of the long-term safety of pirfenidone in patients with
idiopathic pulmonary fibrosis (RECAP). Respiration. 2017;94:408–15.

32. Collard HR, Richeldi L, Kim DS, Taniguchi H, Tschoepe I, Luisetti M, et al.
Acute exacerbations in the INPULSIS trials of nintedanib in idiopathic
pulmonary fibrosis. Eur Respir J. 2017;49:1601339.

33. Ley B, Swigris J, Day BM, Stauffer JL, Raimundo K, Chou W, Collard HR.
Pirfenidone reduces respiratory-related hospitalizations in idiopathic
pulmonary fibrosis. Am J Respir Crit Care Med. 2017;196:756–61.

34. Noble PW, Albera C, Bradford WZ, Costabel U, du Bois RM, Fagan EA, et al.
Pirfenidone for idiopathic pulmonary fibrosis: analysis of pooled data from
three multinational phase 3 trials. Eur Respir J. 2016;47:243–53.

35. Richeldi L, Cottin V, du Bois RM, Selman M, Kimura T, Bailes Z, et al. Nintedanib
in patients with idiopathic pulmonary fibrosis: combined evidence from the
TOMORROW and INPULSIS trials. Respir Med. 2016;113:74–9.

36. Cottin V. The safety and tolerability of nintedanib in the treatment of
idiopathic pulmonary fibrosis. Expert Opin Drug Saf. 2017;16:857–65.

37. Lancaster LH, de Andrade JA, Zibrak JD, Padilla ML, Albera C, Nathan SD,
et al. Pirfenidone safety and adverse event management in idiopathic
pulmonary fibrosis. Eur Respir Rev. 2017;26:170057.

38. Galli JA, Pandya A, Vega-Olivo M, Dass C, Zhao H, Criner GJ. Pirfenidone and
nintedanib for pulmonary fibrosis in clinical practice: tolerability and adverse
drug reactions. Respirology. 2017;22:1171–8.

39. Maher TM, Inoue Y, Case AH, et al. Effect of dose reductions and/or
interruptions on the efficacy of nintedanib in patients with idiopathic
pulmonary fibrosis (IPF): subgroup analysis of the INPULSIS trials.
Washington, DC: Poster presented at the American Thoracic Society
International Conference; 2017.

40. Nathan SD, Lancaster LH, Albera C, Glassberg MK, Swigris JJ, Gilberg F, et al.
Dose modification and dose intensity during treatment with pirfenidone:
analysis of pooled data from three multinational phase III trials. BMJ Open
Respir Res. 2018;5:e000323.

41. Costabel U, Bendstrup E, Cottin V, Dewint P, Egan JJ, Ferguson J, et al.
Pirfenidone in idiopathic pulmonary fibrosis: expert panel discussion on
the management of drug-related adverse events. Adv Ther. 2014;31:
375–91.

42. Corte T, Bonella F, Crestani B, Demedts MG, Richeldi L, Coeck C, et al. Safety,
tolerability and appropriate use of nintedanib in idiopathic pulmonary
fibrosis. Respir Res. 2015;16:116.

43. Noth I, Oelberg D, Kaul M, Conoscenti CS, Raghu G. Safety and tolerability
of nintedanib in patients with IPF in the United States. Eur Respir J. 2018;52:
1702106.

44. Kolb M, Raghu G, Wells AU, Behr J, Richeldi L, Schinzel B, et al. Nintedanib
plus sildenafil in patients with idiopathic pulmonary fibrosis. N Engl J Med.
2018;379:1722–31.

45. Kreuter M, Wuyts W, Renzoni E, Koschel D, Maher TM, Kolb M, et al. Antacid
therapy and disease outcomes in idiopathic pulmonary fibrosis: a pooled
analysis. Lancet Respir Med. 2016;4:381–9.

46. Johannson KA, Strâmbu I, Ravaglia C, Grutters JC, Valenzuela C, Mogulkoc N,
et al. Antacid therapy in idiopathic pulmonary fibrosis: more questions than
answers? Lancet Respir Med. 2017;5:591–8.

47. Tran T, Suissa S. The effect of anti-acid therapy on survival in idiopathic
pulmonary fibrosis: a methodological review of observational studies. Eur
Respir J. 2018;51:1800376.

48. Raghu G, Pellegrini CA, Yow E, Flaherty KR, Meyer K, Noth I, et al.
Laparoscopic anti-reflux surgery for the treatment of idiopathic pulmonary
fibrosis (WRAP-IPF): a multicentre, randomised, controlled phase 2 trial.
Lancet Respir Med. 2018;6:707–14.

49. Idiopathic Pulmonary Fibrosis Clinical Research Network, Raghu G, Anstrom
KJ, King TE Jr, Lasky JA, Martinez FJ. Prednisone, azathioprine, and N-
acetylcysteine for pulmonary fibrosis. N Engl J Med. 2012;366:1968–77.

50. Raghu G, Collard HR, Egan JJ, Martinez FJ, Behr J, Brown KK, et al. An official
ATS/ERS/JRS/ALAT statement: idiopathic pulmonary fibrosis: evidence-based
guidelines for diagnosis and management. Am J Respir Crit Care Med. 2011;
183:788–824.

51. Noth I, Anstrom KJ, Calvert SB, de Andrade J, Flaherty KR, Glazer C, et al. A
placebo-controlled randomized trial of warfarin in idiopathic pulmonary
fibrosis. Am J Respir Crit Care Med. 2012;186:88–95.

Quinn et al. Multidisciplinary Respiratory Medicine           (2019) 14:35 Page 8 of 9

https://doi.org/10.1136/thoraxjnl-2017-210177


52. Kreuter M, Wijsenbeek MS, Vasakova M, Spagnolo P, Kolb M, Costabel U,
et al. Unfavourable effects of medically indicated oral anticoagulants on
survival in idiopathic pulmonary fibrosis. Eur Respir J. 2016;47:1776–84.

53. Idiopathic Pulmonary Fibrosis Clinical Research Network, Martinez FJ, de
Andrade JA, Anstrom KJ, King TE Jr, Raghu G. Randomized trial of acetylcysteine
in idiopathic pulmonary fibrosis. N Engl J Med. 2014;370:2093–101.

54. Behr J, Bendstrup E, Crestani B, Günther A, Olschewski H, Sköld CM, et al.
Safety and tolerability of acetylcysteine and pirfenidone combination
therapy in idiopathic pulmonary fibrosis: a randomised, double-blind,
placebo-controlled, phase 2 trial. Lancet Respir Med. 2016;4:445–53.

55. Dowman LM, McDonald CF, Hill CJ, Lee AL, Barker K, Boote C, et al. The
evidence of benefits of exercise training in interstitial lung disease: a
randomised controlled trial. Thorax. 2017;72:610–9.

56. Perez-Bogerd S, Wuyts W, Barbier V, Demeyer H, Van Muylem A, Janssens W,
et al. Short and long-term effects of pulmonary rehabilitation in interstitial
lung diseases: a randomised controlled trial. Respir Res. 2018;19:182.

57. Bell EC, Cox NS, Goh N, Glaspole I, Westall GP, Watson A, et al. Oxygen
therapy for interstitial lung disease: a systematic review. Eur Respir Rev.
2017;26:160080.

58. Visca D, Mori L, Tsipouri V, Fleming S, Firouzi A, Bonini M, et al. Effect of
ambulatory oxygen on quality of life for patients with fibrotic lung disease
(AmbOx): a prospective, open-label, mixed-method, crossover randomised
controlled trial. Lancet Respir Med. 2018;6:759–70.

59. Kohberg C, Andersen CU, Bendstrup E. Opioids: an unexplored option for
treatment of dyspnea in IPF. Eur Clin Respir J. 2016;3:30629.

60. van Manen MJ, Birring SS, Vancheri C, Cottin V, Renzoni EA, Russell AM,
Wijsenbeek MS. Cough in idiopathic pulmonary fibrosis. Eur Respir Rev.
2016;25:278–86.

61. King CS, Nathan SD. Idiopathic pulmonary fibrosis: effects and optimal
management of comorbidities. Lancet Respir Med. 2017;5:72–84.

62. Jo HE, Randhawa S, Corte TJ, Moodley Y. Idiopathic pulmonary fibrosis and
the elderly: diagnosis and management considerations. Drugs Aging. 2016;
33:321–34.

63. Overgaard D, Kaldan G, Marsaa K, Nielsen TL, Shaker SB, Egerod I. The lived
experience with idiopathic pulmonary fibrosis: a qualitative study. Eur Respir
J. 2016;47:1472–80.

64. Ramadurai D, Corder S, Churney T, Graney B, Harshman A, Meadows S,
Swigris JJ. Understanding the informational needs of patients with IPF and
their caregivers: ‘you get diagnosed, and you ask this question right away,
what does this mean?’. BMJ Open Quality. 2018;7:e000207.

65. Fisher JH, O'Connor D, Flexman AM, Shapera S, Ryerson CJ. Accuracy and
reliability of internet resources for information on idiopathic pulmonary
fibrosis. Am J Respir Crit Care Med. 2016;194:218–25.

66. Senanayake S, Harrison K, Lewis M, McNarry M, Hudson J. Patients’
experiences of coping with idiopathic pulmonary fibrosis and their
recommendations for its clinical management. PLoS One. 2018;13:e0197660.

67. Lanken PN, Terry PB, Delisser HM, Fahy BF, Hansen-Flaschen J, Heffner JE,
et al. An official American Thoracic Society clinical policy statement:
palliative care for patients with respiratory diseases and critical illnesses. Am
J Respir Crit Care Med. 2008;177:912–27.

68. Kalluri M, Claveria F, Ainsley E, Haggag M, Armijo-Olivo S, Richman-Eisenstat J.
Beyond idiopathic pulmonary fibrosis diagnosis: multidisciplinary care with an
early integrated palliative approach is associated with a decrease in acute care
utilization and hospital deaths. J Pain Symptom Manag. 2018;55:420–6.

69. Yusen RD, Edwards LB, Dipchand AI, Goldfarb SB, Kucheryavaya AY, Levvey
BJ, et al. The registry of the International Society for Heart and Lung
Transplantation: thirty-third adult lung and heart-lung transplant Report-
2016; focus theme: primary diagnostic indications for transplant. J Heart
Lung Transplant. 2016;35:1170–84.

70. Valapour M, Lehr CJ, Skeans MA, Smith JM, Carrico R, Uccellini K, et al.
OPTN/SRTR 2016 annual data report: lung. Am J Transplant. 2018;18(Suppl
1):363–433.

71. Weill D, Benden C, Corris PA, Dark JH, Davis RD, Keshavjee S, Lederer DJ,
et al. A consensus document for the selection of lung transplant
candidates: 2014—an update from the pulmonary transplantation Council
of the International Society for heart and lung transplantation. J Heart Lung
Transplant. 2015;34:1–15.

72. Kreider M, Kotloff RM. Selection of candidates for lung transplantation. Proc
Am Thorac Soc. 2009;15(6):20–7.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Quinn et al. Multidisciplinary Respiratory Medicine           (2019) 14:35 Page 9 of 9


	Abstract
	Background
	Natural history of IPF
	Pharmacological treatments
	Supportive care
	Lung transplantation

	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

