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KEY POINTS

� Progressive scarring of the lung parenchyma, and relentless loss of lung function leading to
disabling dyspnea characterize idiopathic pulmonary fibrosis (IPF).

� The pathogenesis may be related to an aberrant wound healing process that starts in
a genetically susceptible epithelium.

� The clinical course of IPF is unpredictable.

� No Food and Drug Administration approved therapies are available for IPF.

� Lung transplantationmay be a viable option for a selected group of patients, and referral for
evaluation should be considered at the time of diagnosis.
INTRODUCTION

Idiopathic pulmonary fibrosis (IPF) is a chronic lung disease of unknown cause char-
acterized by progressive scarring of the lung parenchyma with a histologic pattern of
usual interstitial pneumonia (UIP).1 Clinically, it is manifested by progressive loss of
lung function that leads to breathlessness and relentless functional limitation. It is
a fatal disease with a median survival of only 3 years after the diagnosis,2 and the inci-
dence is estimated to be from 6.8 to 16.3 cases per 100 000 people.3 IPF is more prev-
alent among older Caucasian men, with most cases being diagnosed in individuals
older than 60 years.3,4 To this date, no Food and Drug Administration–approved ther-
apies are available for IPF.
The mortality rate associated with IPF has been increasing during the last few years,

and a recent report estimates that it was approximately 50.8 deaths per million people
between the years of 1992 and 2003.5 If those numbers are correct, 40 000 people die
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of IPF every year in the United States alone, which is comparable with the mortality
rates attributed to breast cancer.
In this review article, the authors discuss evolving concepts regarding the

pathogenesis of IPF, describe the most current diagnostic and management strate-
gies, and discuss some of the recent clinical trials that explored novel therapies
for IPF.
PATHOGENESIS

The factors that determine the onset and progression of IPF are not completely under-
stood. The last few years have seen a shift in the paradigms regarding the pathogen-
esis of IPF from chronic inflammation leading to progressive fibrosis to an abnormal
wound healing process in which multiple factors interplay.6 Supporting that concept,
studies of gene expression profile patterns have demonstrated that, when compared
with lungs with chronic hypersensitivity pneumonitis, which is characterized by
a significant inflammatory component, IPF lungs have a shift toward extracellular
matrix turnover and epithelium development, growth, and differentiation.7 Moreover,
older reports exploring antiinflammatory agents have largely failed to demonstrate
a treatment benefit in IPF.8–10

Alveolar epithelial cells and the myofibroblast are thought to be the key target cells
in the pathogenesis of IPF; there is growing evidence that genetic susceptibility,
cellular senescence, endoplasmic reticulum stress and oxidative stress, as well as
epigenetic factors associated with micro-RNAs are critical factors for the injury
continuum that ultimately leads to the extensive fibrotic changes and loss of lung func-
tion seen in IPF. The authors focus the discussion on those emerging concepts.
A genetic component for the development of IPF is suggested because up to 20%

of cases are reported to occur in families.11,12 Mutations both in the surfactant protein
C and an isoform of the surfactant protein A genes have been reported.13–16 Both
mutations are linked to abnormal processing and protein misfolding in alveolar epithe-
lial cells with subsequent endoplasmic reticulum alveolar stress that leads to an
increased predisposition to fibrosis in response to injury.16

IPF is rarely diagnosed in individuals younger than 50 years,3 suggesting that it may
be, at least in part, a disease related to the aging process. Corroborating this hypoth-
esis, studies of both familial and so-called sporadic cases of IPF demonstrated the
presence of telomere shortening, which has been associated with cellular senescence
and a reduced capacity for epithelial repair.17–19

Oxidative stress is defined as an imbalance between excessive generation of reac-
tive oxygen species and diminished ability to scavenge them. Oxidative stress plays
a role in the development of fibrosis in several different organ systems and it is
a feature of IPF.20,21 Transforming growth factor (TGF)-b1, which is considered to
be the premier profibrotic cytokine, can stimulate the production of Reactive Oxygen
Species and myofibroblast differentiation in human lung fibroblasts.22 It has been
demonstrated that the bronchoalveolar lavage fluid of patients with IPF has increased
levels of reactive oxygen species as well as diminished levels of glutathione compared
with controls.23 Furthermore, there have been reports of evidence of oxidative stress
and damage in the lung tissue of patients with IPF.21,24 It has been demonstrated that
oxidative stress can induce cellular senescence and apoptosis25,26; when fibroblasts
become senescent, they acquire an apoptosis-resistant phenotype and secrete higher
levels of reactive oxygen species.27 Lung myofibroblasts do undergo similar
changes28 and are likely implicated in the formation of the positive feedback loop
that helps perpetuate a proinjury and profibrotic microenvironment in the IPF lung.
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The endoplasmic reticulum (ER) is an intracellular organelle that is responsible for
proper folding, processing and trafficking of secreted proteins. Additionally, it is
involved in the production of steroids, synthesis of lipids and calcium homeostasis.29

Several factors, such as reduced energy stores, accumulation of improperly folded
mutant proteins, and oxidative stress, may induce ER stress in the form of an adaptive
process called unfolded protein response (UPR).30 UPR is meant to facilitate ER
protein folding and degradation; but if the triggering factor is persistent, it can lead
to cell death through apoptosis. ER stress has been proposed as an important compo-
nent of the pathogenesis of IPF because evidence of it has been found in lung tissue
from patients with both familial and sporadic IPF.22,31 Similar findings have been re-
ported in epithelial cells in IPF.31 Recent reports propose that ER stress is involved
in the differentiation of lung fibroblasts into myofibroblasts, a process that is critical
for the persistent collagen and matrix deposition that ultimately leads to remodeling
of the IPF lung.22 Furthermore, several stressors that have been implicated in the path-
ogenesis of IPF, such as viral infections, cigarette smoking, surfactant protein muta-
tions, and oxidative stress, are also potential triggers of ER stress.32

MicroRNAs (miRs) are noncoding small RNAs that bind to the untranslated regions of
target genes in response to several cellular stimuli and, in doing so, repress the trans-
lation of target genes or induce degradation of a given target gene mRNA. Abnormal
expression of miRs have been linked to the pathogenesis of several common entities,
such as diabetes, cancer, and cardiovascular disease,33–35 and specifically to fibrosing
processes in different organs, including IPF lungs.35–38 It has been suggested that the
role of miRs in the pathogenesis of fibrotic processesmay be caused by its effect in the
biology of TGF-b1.37 A recent study presented evidence that 3members of themiR-200
family (miR-200a, miR-200b, miR-200c) were downregulated in the lungs of mice with
bleomycin-induced fibrosis. Levels of miR-200a and mi-RNA-200c were also
decreased in the lungs of patientswith IPF. Importantly,members of themiR-200 family
inhibited epithelial-mesenchymal transformation of alveolar epithelial cells induced by
TGF-b1 and actually reversed the fibrogenic activity of fibroblasts from both mice with
bleomycin-induced fibrosis and patients with IPF.39

Taken together, these recent reports suggest that a dysfunctional alveolar epithe-
lium, generated by genetic and perhaps epigenetic susceptibility, aging, and/or
external noxious stimuli, may lead to abnormal epithelium-mesenchymal interactions
that create a sustained and self-perpetuating loop of injury through oxidative stress
and perhaps ER stress, thereby preventing normal epithelial repair with progressive
fibrosis and ultimate loss of lung function.
CLINICAL PRESENTATION AND DIAGNOSIS

Patients with IPF typically present with the gradual onset of dyspnea on exertion and
persistent nonproductive cough. Systemic symptoms, such as weight loss, fevers,
arthralgias, and myalgias, are rare and suggest another process, such as collagen
vascular disease. The median duration of illness before diagnosis is 24 months.40

Physical examination usually reveals late, fine inspiratory crackles (Velcrolike [Velcro
USA, Inc, Manchester, New Hampshire]) on auscultation, and digital clubbing is
present in approximately half of patients. Cardiac examination often remains normal
in the absence of pulmonary hypertension.
Pulmonary function tests (PFTs) demonstrate a normal forced expiratory volume in

the first second of expiration/forced vital capacity (FVC) ratio with a restrictive ventila-
tory defect caused by poorly compliant parenchyma with reduced diffusion capacity
for carbon monoxide (DLCO) and abnormal gas exchange. The main mechanism for



Zolak & de Andrade476
hypoxemia at rest and with exercise in patients with IPF is ventilation-perfusion
mismatch and not impaired diffusion as previously thought. Cardiopulmonary exercise
testing may be more sensitive than resting PFTs in the detection of gas exchange
abnormalities, and low maximum oxygen consumption on exercise testing correlates
with an increased risk of death.41

In the appropriate clinical setting, a confident diagnosis of IPF can bemade if a chest
high-resolution CAT scan (HRCT) demonstrates bilateral and predominantly basal and
subpleural reticulation, traction bronchiectasis, and honeycomb change (Fig. 1).
Features that are inconsistent with IPF/UIP include upper/midlung predominance, peri-
bronchovascular predominance, extensive ground-glass abnormality, profuse micro-
nodules, discrete cysts, diffuse mosaic attenuation/air trapping, and consolidation in
bronchopulmonary segments/lobes.42 Unfortunately, a significant number of patients
present with an HRCT that is atypical and require a surgical lung biopsy for a definitive
diagnosis.43,44

The gross appearance of the lungs in IPF is characterized by a nodular pleural
surface and the histopathology pattern is consistent with UIP. The histopathologic
pattern of UIP includes the presence of temporal heterogeneity with areas of mature
relatively acellular collagen bundles and areas of new fibrosis consisting of aggregates
of fibroblasts in myxoid connective tissue called fibroblastic foci, honeycomb change,
pleural involvement, and areas of normal lung (Fig. 2).
As one attempts to diagnose IPF and other types of interstitial lung disease, it is

often helpful to think algorithmically. The evaluation begins with a careful and detailed
history, physical examination, chest radiographs, pulmonary function testing, and
serologic studies. This process should screen for systemic conditions associated
with interstitial lung disease as well as environmental exposures and drug-related
interstitial lung disease. The next step is obtaining an HRCT, and a confident diagnosis
of UIP can be made if the typical features of UIP/IPF are present, abrogating the need
for a surgical biopsy. If either the clinical presentation or the HRCT are atypical for IPF,
then a surgical lung biopsy should be considered. Transbronchial biopsies are not
thought to yield enough tissue and, therefore, are not usually indicated if IPF is sus-
pected. A multidisciplinary discussion of the clinical information, radiographs, and
histologic findings among experienced pulmonologists, radiologists, and pathologists
Fig. 1. Typical HRCT findings of IPF: pleural-based areas of honeycombing, coarse reticular
opacities, and traction bronchiectasis.



Fig. 2. Typical findings of usual interstitial pneumonia: temporal heterogeneity with areas
of dense fibrosis (right corner), new fibrosis with fibroblast foci (upper center, around
airways), bronchiolectasis, and early honeycombing (upper center), and areas of preserved
alveolar architecture (lower center).
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will increase diagnostic accuracy and is recommended as themethod of choice for the
diagnosis of IPF.42,45

CLINICAL TRIALS IN IPF

No approved therapies are available for IPF, and the process of drug discovery and
drug development has been mired by several fundamental problems. Animal models
of IPF using bleomycin-induced lung injury do not fully reproduce human disease,
thereby making the interpretation of preclinical efficacy studies difficult. The scientific
community continues to debate which outcome measures are clinically meaningful.
Although all-cause mortality is clearly a meaningful end point for a clinical trial, those
studies require larger numbers of patients, longer periods for enrollment and follow-
up, and carry significant cost. Other measures, such as change in lung function
over time, have been suggested as adequate surrogates for mortality but are yet to
be rigorously validated.46

During the last 20 years, more than 3000 patients have been enrolled in clinical trials
exploring novel therapies for IPF and most used different measures of change in lung
physiology as the primary end point (Table 1). A few studies met their primary end
point but none thus far have demonstrated a survival advantage or a clinically mean-
ingful benefit in IPF. Another factor to consider as one interprets the results of the past
IPF clinical trials is that most allowed the use of corticosteroids in the placebo arm.
To this date, only 3 phase III clinical trials in IPF havemet their primary end point. The

Study of the Effects of High-Dose N-Acetylcysteine (NAC) in Idiopathic Pulmonary
Fibrosis (IFIGENIA) compared the effectiveness of 1-year combined antiinflammatory
therapy of azathioprine and prednisone with or without the antioxidant NAC.47 At the
end of 1 year, patients randomized to the triple therapy arm had a statistically signifi-
cant lower rate of decline in FVCandDLCOcomparedwithpatientswho tookonlypred-
nisone and azathioprine. Although this study has been widely criticized for the lack of
a placebo-only group and the significant rate of dropouts, it was used to informa 3-arm
(prednisone, azathioprine, NAC vsNACalone vs placebo alone) randomized trial spon-
sored by the National Heart, Lung, and Blood Institute IPF Clinical Research Network
(IPFnet), the Prednisone, Azathioprine, and N-Acetylcysteine (PANTHER)-IPF trial.



Table 1
Recent randomized clinical trials in IPF

Study Drug Entry Criteria Primary End Point n
Corticosteroids
(CS) Allowed Results

Raghu77 Interferon g 1b FVC >50, DLCO >25 Progression-free survival 330 Yes Negative

Azuma52 Pirfenidone Age, oxygen saturation
measured using pulse
oximetry (SpO2)

DSpO2 six-minute walked
test(6MWT)

109 Yes Negative

Demedts47 Prednisone(Pred)/
azathioprine(AZA) � NAC

FVC �80, DLCO <80 Absolute (Abs) DFVC,
DLCO

182 Yes Less deterioration in FVC
and DLCO with triple therapy

Kubo50 CS � Anticoagulant Decline with CS Survival/time to death 56 Yes Better survival in the
anticoagulant group

King78 Bosentan FVC �50, DLCO �30 six-minute walk distance
(6MWD)

158 Yes Negative

Raghu79 Etanercept FVC �45, DLCO �25 D%FVC, DLCO, A-a 88 No Negative

King80 Interferon g 1b FVC �55, DLCO �35 Survival 826 Yes Negative

Daniels81 Imatinib FVC �55, DLCO �35 Disease progression/death 119 No Negative

Noble54 Pirfenidone FVC �50, DLCO �35 D%FVC 435 Yes Lower decline in FVC

Noble54 Pirfenidone FVC �50, DLCO �35 D%FVC 344 Yes Negative

Taniguchi53 Pirfenidone SpO2 on 6MWT DFVC 275 Yes Lower decline in FVC for the
group randomized to the
higher dose of pirfenidone

Zisman82 Sildenafil DLCO <35 6MWD 180 Yes Negative

Noth51 Warfarin Progressive disease Death/hospitalization/
decline in %FVC �10

145 Yes Harmful

Raghu48 Pred/Aza/NAC FVC �50, DLCO �30 D%FVC 155 Yes Harmful

Richeldi83 BIBF-1120 FVC �50, DLCO 30–79 Rate of decline in FVC 432 Yes Negative

Abbreviations: Abs, absolute; AZA, azathioprine; CS, corticosteroids; 6MWD, six-minute walked distance; 6MWT, six-minute walk test; NAC, N-acetylcysteine;
SpO2, oxygen saturation measured using pulse oximetry.
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PANTHER-IPF is a randomized, double-blind, placebo-controlled trial that enrolled
patients with mild to moderate IPF in a 1:1:1 ratio. An interim analysis conducted
when approximately 50% of the data had been collected demonstrated a statistically
significant increased risk of death and hospitalizations for patients randomized to the
triple-therapy armcomparedwith those randomized to placebo. This finding prompted
the data safety monitoring board to stop enrollment in the triple-therapy arm.48 The
study continued to recruit patients to both NAC and placebo arms and is expected
to complete the follow-up in the fall of 2013. The results of PANTHER-IPF provide
strong evidence against the use of antiinflammatory therapy for patients with IPF.
Many animal and human studies have supported the importance of the coagulation

cascade in thepathogenesis of IPF.49Kuboandcolleagues50 conducted aprospective,
randomized, open-label study of 64 patients with IPF with mild physiologic impairment
recruited at the time of hospitalization. All patients had evidence of prior clinic deterio-
ration and were taking corticosteroids at the time of enrollment. Patients were ran-
domized to receive either corticosteroids alone (n 5 33) or corticosteroids plus
anticoagulation (n5 31), which consisted of either outpatient warfarin titrated to inter-
national normalized ratio (INR) of 2 to 3 or intravenous low molecular heparin during
periods of hospitalization for disease exacerbation. There was a statistically significant
improvement in both survival andmortality associatedwith acute exacerbation of IPF in
the anticoagulant-treated group. Several methodological concerns have been raised
about this study. Survival in the control group was much lower than reported in
some contemporary IPF clinical trials. Furthermore, 8 out of 31 patients randomized
to the anticoagulant group withdrew consent before receiving the study drug, but an
intent-to-treat analysis of the whole randomized patient cohort was not conducted.
This study, however, suggested a potential role for anticoagulation as a treatment
strategy for IPF and informed the Anticoagulant Effectiveness in Idiopathic Pulmonary
Fibrosis (ACE-IPF) trial of the IPFnet. ACE-IPF was a randomized, double-blind,
controlled study of patients with progressive IPF that were randomized to either
placebo or warfarin targeting an INR of 2 to 3 in a 1:1 ratio. The primary end point of
ACE-IPF was a composite of time to death, nonbleeding/nonelective hospitalization,
or a 10% or greater reduction in FVC. The planned treatment duration was 48 weeks,
but after 145 of the planned 245 patients had been enrolled, the data safety monitoring
board recommended stopping the study because of a low probability of benefit and,
more importantly, a statistically significant increase in mortality among patients
randomized to warfarin.51 The results of both PANTHER-IPF and ACE-IPF illustrate
the importance to confirm promising preliminary results with adequately powered
placebo-controlled, randomized, clinical trials.
Pirfenidone is a molecule that has been demonstrated to have antifibrotic properties

in preclinical studies using animal models of pulmonary fibrosis. In 2005, Azuma and
collaborators52 published a study conducted in Japan in which 107 patients with IPF
were randomized to either placebo or pirfenidone. This study largely failed to meet its
primary end point but was stopped early by the data safety monitoring board because
more patients in the placebo group experienced acute exacerbations of IPF. Sub-
sequently, Taniguchi and collaborators53 conducted a 3-arm trial of 275 patients
with IPF randomized to 2 different doses of pirfenidone (1800 mg or 1200 mg) or
placebo. Patients randomized to the higher-dose group had a significant reduction
in the rate of decline in vital capacity and improved progression-free survival, which
was a secondary end point. Although these results were largely encouraging, it is con-
cerning that the primary end point was changed after the trial was started and that the
method chosen to handle missing data might have magnified the treatment effect
of pirfenidone. More recently, Noble and colleagues54 reported the results of 2
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concomitant, large, placebo-controlled, randomized trials of pirfenidone that recruited
most patients with IPF from centers in the United States. The primary end point of both
studies was a change in predicted FVC at week 72. Study 004 randomized 435 patients
in a 2:2:1model to a higher-dose group, a placebo group, or a lower-dose group. Study
006 enrolled 334 patients in a 1:1model to either a high dose of pirfenidone or placebo.
Study 004 met its primary end point but study 006 did not. Overall, both studies
demonstrated that pirfenidone has a very good safety profile, but questions remain
regarding its efficacy. Pirfenidone is not yet approved for use in the United States
but has been approved for the treatment of IPF in the European Union and in Japan.
MANAGING PATIENTS WITH IPF

Recent clinical trials in IPF have largely failed to identify effective therapies for IPF but
have given us much-needed insights into the natural history of the disease. Analysis
of the placebo arm of a large, multicenter, randomized, clinical trial of interferon-g-1b
in patients with moderate IPF demonstrated that lung physiology had only a minimal
decline during the first 12 months following randomization. Approximately half of the
deaths that occurred acutely were preceded by a period of rapid deterioration that
did not have an identifiable cause. There was an overall trend toward worsening dysp-
nea and lung physiology before death, but there was great variability among patients
and,more importantly, the initial FVCwas not a reliable predictor of outcomes.55 These
findings are significant because they emphasize the fact that the clinical course of IPF is
unpredictable.42

Lung transplantation is the only option to prolong the life of patients with advanced
IPF56 but it has considerable limitations. It is a costly treatment available to only a very
selected few and has a 5-year median survival of only 50%.57

Because no effective pharmacologic therapies are available, the management of
patients with IPF focuses on measures to preserve quality of life, mobility, and inde-
pendence. Patients with IPF have diminished exercise capacity, significant fatigue,
breathlessness, depression, diminished cognitive function, and diminished quality-
of-life measures compared with the general population.58,59

Pulmonary rehabilitation has been shown to have a positive impact on those
elements in patients with chronic obstructive pulmonary disease and is recommended
for patients with IPF.42 Although well-designed prospective and controlled studies
exploring the role of pulmonary rehabilitation in IPF are lacking, retrospective cohort
studies have suggested that pulmonary rehabilitation is largely beneficial, especially
for patients with more advanced disease.60

Hypoxemia is often seen in patients with advanced IPF and may be a harbinger of
shorter survival40; however, no conclusive studies have been performed on the effects
of long-term oxygen therapy on survival or level of breathlessness.61 A few small
studies suggest a favorable impact of oxygen therapy on exercise capacity and quality
of life.62,63

Severe, nonproductive cough is another problem commonly reported in IPF; it is
important to consider that about half the cases of persistent cough in patients with
interstitial lung diseases may be related to factors, such as upper airway cough
syndrome and gastroesophageal reflux.64

Gastroesophageal reflux is prevalent in IPF and it has been suggested that it is
involved in the pathogenesis as both the initial insult or later as a promoter of recurrent
lung injury.65–67 Supporting this hypothesis, a recent retrospective cohort study re-
ported that the use of antireflux medications was associated with decreased radio-
logic fibrotic findings and was an independent predictor of longer survival.68



Idiopathic Pulmonary Fibrosis 481
Sleep-disordered breathing has been reported to be common in IPF, causing
a negative impact in quality of life.69,70 No studies have explored the impact of
nocturnal noninvasive ventilation for IPF patients with sleep-disordered breathing.
A subset of patients, especially those with a significant smoking history, has disease

that is characterized by the simultaneous presence of pulmonary fibrosis and emphy-
sema. This combined pulmonary fibrosis and emphysema phenotype occurs more
commonly in men, with a mean age of 65 years. It is associated with a relative pres-
ervation of lung volumes and marked reductions in DLCO on PFTs.71 Such patients
are more likely to require oxygen therapy and develop pulmonary hypertension and
may have worse outcomes compared with those with only pulmonary fibrosis.72

Pulmonary hypertension is often seen in IPF and may be associated with disease
progression and poor survival,73,74 but the best strategies for the diagnosis and
management of pulmonary hypertension in IPF remains to be defined.
IPF is typically a gradually progressive disease, but 5% to 10% of patients experi-

ence episodic worsening of symptoms and lung function termed acute exacerbations
of IPF. Acute exacerbation of IPF has been defined as an unexplained clinical decline
within 30 days associated with new bilateral ground-glass opacities or consolidation
on imaging on a background of UIP, lack of evidence for infection and exclusion of
heart failure, pulmonary thromboembolism, or other known causes of acute lung
injury.75 Acute exacerbations are associated with a high mortality and poor 6-month
prognosis among those who survive the episode. Patients who are experiencing acute
exacerbations are often treated with high doses of corticosteroids, but there is no
evidence that such strategy impacts outcomes.76

In summary, patients with IPF ought to receive aggressive treatment of reflux and be
referred for pulmonary rehabilitation. If sleep-disordered breathing is present, nonin-
vasive positive pressure ventilation can be considered if no contraindication is
present. Most importantly, patients with IPF should be referred early to tertiary care
centers to be evaluated for lung transplantation and to be considered for participation
in clinical trials.42
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