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DIOPATHIC pulmonary fibrosis is characterized
by radiographically evident interstitial infiltrates
predominantly affecting the lung bases and by

progressive dyspnea and worsening of pulmonary
function. No therapy has been clearly shown to pro-
long survival.

 

1

 

 The current strict definition of idiopath-
ic pulmonary fibrosis provides a new focus for basic
and clinical research that will improve insight into the
pathogenesis of this disorder and stimulate the devel-
opment of novel therapies.

 

DEFINITION

 

Idiopathic pulmonary fibrosis, also known as cryp-
togenic fibrosing alveolitis, is one of a family of id-
iopathic pneumonias sharing the clinical features of
shortness of breath, radiographically evident diffuse
pulmonary infiltrates, and varying degrees of inflam-
mation, fibrosis, or both on biopsy (Table 1). Many
older studies included several forms of idiopathic in-
terstitial pneumonia under the term “idiopathic pul-
monary fibrosis,” but today the clinical label “idiopath-
ic pulmonary fibrosis” should be reserved for patients
with a specific form of fibrosing interstitial pneumonia
referred to as usual interstitial pneumonia.

 

2-4

 

 Histor-
ical grouping of disparate disorders under the heading
of idiopathic pulmonary fibrosis makes it difficult to
compare current and older studies. This observation
also explains the discrepancies between older and new-
er investigations of idiopathic pulmonary fibrosis in re-
ported natural history and response to therapy. Many
forms of idiopathic interstitial pneumonia other than
idiopathic pulmonary fibrosis have a more favorable
prognosis and response to therapy than does idiopath-
ic pulmonary fibrosis. The idiopathic interstitial pneu-
monias can be classified in pathologically distinct cat-
egories: usual interstitial pneumonia, desquamative

I

 

interstitial pneumonia–respiratory bronchiolitis inter-
stitial lung disease, acute interstitial pneumonia, non-
specific interstitial pneumonia, and cryptogenic organ-
izing pneumonia–bronchiolitis obliterans organizing
pneumonia.

 

2,5,6

 

The pathologic changes that characterize idiopathic
pulmonary fibrosis are distinguished by variation in the
location and age of the lesions, with a predilection for
the peripheral subpleural parenchyma. Fibrotic zones
with associated honeycombing alternate with areas of
relatively unaffected lung tissue. Fibrotic areas charac-
teristically vary in age and activity. Regions of chronic
lung injury with scarring and honeycombing contrast
with regions of acute injury with foci of actively pro-
liferating fibroblasts and myofibroblasts (Fig. 1). These
focal zones of fibroblast proliferation (“fibroblast fo-
ci”) occur at sites of recent alveolar injury. The exuber-
ant cellular response at these sites is similar to healing
patterns observed in skin and other tissues.

 

7-9

 

 The in-
terstitial inflammation of idiopathic pulmonary fibro-
sis is mild and generally associated with fibrosis.

 

2

 

 Thus,
idiopathic pulmonary fibrosis is characterized by se-
quential acute lung injury that results in a progressive
accumulation of fixed fibrosis with architectural dis-
tortion.

A full pathological description of the other idiopath-
ic interstitial pneumonias is outside the province of this
article. However, it is important to acknowledge histo-
logic features that distinguish these disorders from id-
iopathic pulmonary fibrosis.

 

2

 

 Desquamative interstitial
pneumonitis–respiratory bronchiolitis interstitial lung
disease is characterized by a relatively uniform thick-
ening or thickening centered on the bronchioles of the
alveolar septa, accompanied by a striking accumulation
of pigment-laden intraalveolar macrophages. Fibro-
blast foci are rarely found, and honeycombing is a mi-
nor component. Alveolar macrophage accumulation
and pneumocyte hyperplasia lend a cellular appearance
to the biopsy specimens.

 

10

 

 Acute interstitial pneu-
monia involves a diffuse fibroproliferative response to
synchronous alveolar injuries. The histologic findings
reflect recent diffuse lung injury. There are proliferat-
ing type 2 pneumocytes; widened interstitial spaces
formed by the collapse of alveolar septa denuded of
epithelial cells; incorporation of alveolar exudates, in-
cluding remnant hyaline membranes; and diffuse pro-
liferation of fibroblasts and myofibroblasts.

 

11

 

 Nonspe-
cific interstitial pneumonia is manifested as varying
degrees of inflammation and fibrosis that are uniform-
ly distributed within the interstitium of the lung.

 

12

 

Areas of acute lung injury are not typical of nonspecific
interstitial pneumonia. Inflammation tends to be a
more prominent feature than in usual interstitial pneu-
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monia, with dense mononuclear-cell infiltrates within
alveolar septa. In cryptogenic organizing pneumonia–
bronchiolitis obliterans organizing pneumonia, inflam-
mation is centered on the peribronchial interstitium
and alveolar ducts. Characteristic plugs of granulation
tissue occlude the distal air spaces.

 

13

 

 Thus, the hall-
mark of usual interstitial pneumonia is a geographical-
ly and temporally heterogeneous parenchymal fibrosis
against a background of mild inflammation.

 

PATHOGENESIS

 

Recognition of idiopathic pulmonary fibrosis as a
distinct entity with lesions that vary in age and loca-
tion raised important questions about the established
view that idiopathic pulmonary fibrosis was a disease
in which parenchymal fibrosis was directly caused by
chronic inflammation.

 

1,2

 

 This prior hypothesis sug-
gested that an unidentified insult initiated a cycle of
chronic inflammatory injury leading to fibrosis (Fig.
2A). An important assumption was that if the inflam-
matory cascade was interrupted before irreversible tis-
sue injury occurred, fibrosis might be avoided. Thus,
this theory explains the initial enthusiasm for corti-
costeroid and cytotoxic therapy for idiopathic pulmo-
nary fibrosis. However, it is now clear that current
antiinflammatory therapy for idiopathic pulmonary fi-
brosis provides no benefit. Therefore, a new hypoth-
esis seems in order.

The hallmark lesions of idiopathic pulmonary fi-
brosis are the fibroblast foci.

 

2

 

 These sites feature vig-
orous replication of mesenchymal cells and exuberant
deposition of fresh extracellular matrix. Such foci are
typical of alveolar epithelial-cell injury, with endolu-
minal plasma exudation and collapse of the distal air
space.

 

8,9,14

 

 Mediators normally associated with wound
healing, such as transforming growth factor 

 

b

 

1

 

 and
connective-tissue growth factor, are also expressed at
these sites.

 

15,16

 

 The driving force for this focal acute
lung injury and wound repair is unknown and prob-
ably will not be identified until a cause of idiopathic
pulmonary fibrosis is elucidated. Thus, a more current
hypothesis for the causation of idiopathic pulmonary

 

T

 

ABLE

 

 1.

 

 I

 

DIOPATHIC

 

 I

 

NTERSTITIAL

 

 P

 

NEUMONIAS

 

.

 

C

 

LINICAL

 

 T

 

ERMINOLOGY

 

P

 

ATHOLOGICAL

 

 F

 

INDINGS

 

Idiopathic pulmonary fibrosis Usual interstitial pneumonia

Desquamative interstitial pneumonia–respiratory 
bronchiolitis interstitial lung disease

Desquamative interstitial pneumonia, respiratory 
bronchiolitis interstitial lung disease

Acute interstitial pneumonia Diffuse alveolar damage

Nonspecific interstitial pneumonia Nonspecific interstitial pneumonia

Cryptogenic organizing pneumonia–bronchioli-
tis obliterans organizing pneumonia

Organizing pneumonia, peribronchiolar inflam-
mation

 

Figure 1.

 

 Histopathological Features of Idiopathic Pulmonary Fi-
brosis.
The figure shows a hematoxylin-and-eosin preparation of an
open-lung biopsy specimen from a patient presenting with pro-
gressive dyspnea and diffuse parenchymal infiltrates. In Panel
A, a low-power magnification (¬15), dense subpleural fibrosis
(arrows), with collapse and obliteration of alveolar air spaces,
is readily apparent. Pathological heterogeneity, exemplified by
dense scarring adjacent to relatively spared alveoli, is charac-
teristic of usual interstitial pneumonia. There is no necrosis or
substantial inflammation. In Panel B, a high-power magnifica-
tion (¬150), a fibroblast focus (asterisk) is visible as a nodule
of spindle cells arranged in linear fashion against a pale-stain-
ing extracellular matrix. The adjacent alveolar septa show little
histologic abnormality (arrow). (Histologic sections kindly pro-
vided by Dr. Thomas Colby.)

A

B
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fibrosis suggests that a still-unidentified stimulus pro-
duces repeated episodes of acute lung injury (Fig. 2B).
Wound healing at these sites of injury ultimately leads
to fibrosis, with loss of lung function. Therefore, one
effective therapeutic strategy might be to modify fibro-
blast replication and matrix deposition.

There are several factors that are thought to modify
wound healing and, ultimately, the degree of paren-
chymal fibrosis (Fig. 2B). First, the type of inflamma-
tory response may modulate tissue injury, fibrosis, or
both during the evolution of idiopathic pulmonary fi-
brosis. The inflammatory response in idiopathic pul-
monary fibrosis is thought to resemble closely a Th2-
type immune response. There are eosinophils, mast
cells, and increased amounts of the Th2 cytokines in-
terleukin-4 and interleukin-13.

 

17-21

 

 In murine models
of lung disease, animals whose response to tissue in-
jury is predominantly of the Th2 type are more prone
to pulmonary fibrosis after lung injury than those with
a predominantly Th1 response.

 

19

 

 Although the Th2
and Th1 phenotypes are not as well defined in idio-
pathic pulmonary fibrosis as they are in asthma and an-
imal models, their potential importance is one ration-
ale for undertaking trials of immunomodulators such
as interferon gamma in an attempt to switch the in-
flammatory response to a more Th1-like phenotype.

 

22

 

Up to 3 percent of cases of idiopathic pulmonary fi-
brosis appear to cluster in families, suggesting a genetic
susceptibility in some patients.

 

23-26

 

 Although polymor-
phisms have been observed in interleukin-1–receptor
antagonist, tumor necrosis factor 

 

a

 

, and major-histo-
compatibility-complex loci, there is as yet no clear ev-
idence of a genetic basis for idiopathic pulmonary fi-
brosis.

 

27,28

 

It has been suggested that superimposed environ-
mental insults may be important in the pathogenesis
of idiopathic pulmonary fibrosis. In most reported case
series, up to 75 percent of index patients with idio-
pathic pulmonary fibrosis are current or former smok-
ers. In large epidemiologic studies, cigarette smoking
has been strongly associated with idiopathic pulmo-
nary fibrosis. In addition, many of the inflammatory
features of idiopathic pulmonary fibrosis are more
strongly linked to smoking status than to the under-
lying lung disease. Thus, cigarette smoking may be an
independent risk factor for idiopathic pulmonary fi-
brosis.

 

29-32

 

 Latent viral infections, especially those of
the herpesvirus family, have also been reported to be
associated with idiopathic pulmonary fibrosis. To date,
however, no candidate virus has been convincingly
shown to cause idiopathic pulmonary fibrosis.

 

33,34

 

 Fi-
nally, given the similarity between asbestosis and id-

 

Figure 2.

 

 Original and New Hypotheses for the Pathogenesis of Idiopathic Pulmonary Fibrosis.
Originally (Panel A), idiopathic pulmonary fibrosis was viewed as a smoldering inflammatory response that ultimately led to chronic
lung injury with subsequent fibrosis. Therapies that focused solely on trying to interrupt chronic inflammation have provided no
benefit for patients. Newer insights (Panel B) suggest that idiopathic pulmonary fibrosis results from sequential acute lung injury.
The resultant wound-healing response to this injury culminates in pulmonary fibrosis. Several interacting factors that modify the
fibrotic response include the genetic background of the patient, the predominant inflammatory phenotype (Th1 or Th2), and environ-
mental inflammatory triggers, such as cigarette smoking, viral infection, and respirable toxins.

Stimulus

Chronic inflammation

Injury

Fibrosis

Repeated stimulus

Sequential lung injury

Aberrant wound healing

Fibrosis

Genetic
factors

Inflammation Th1–Th2
balance

A B

Original Hypothesis New Hypothesis
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iopathic pulmonary fibrosis, many authors have sought
a causative respirable environmental agent. Despite
some weak associations with exposure to metal and
organic dusts, no workplace or environmental factor
has been clearly linked to the development of idio-
pathic pulmonary fibrosis.

 

35,36

 

DIAGNOSIS

 

Patients with idiopathic pulmonary fibrosis typically
present with exertional dyspnea and a nonproductive
cough.

 

37-39

 

 The disorder generally presents in the fifth
and sixth decades and is slightly more common in men
than women. Patients are often evaluated and treated
for other ailments (bronchitis, asthma, or heart failure)
before diagnosis. Associated systemic symptoms, such
as low-grade fever and myalgia, may be present but are
not common. A detailed occupational history, with
attention to exposure to asbestos, silica, or other res-
pirable toxins, is critical to rule out a pneumoconiosis
that may mimic idiopathic pulmonary fibrosis. The
physical examination in most patients reveals fine bi-
basilar inspiratory crackles (“Velcro rales”). Clubbing
is seen in up to 50 percent of patients.

 

38

 

 The rest of
the physical examination is unremarkable until late in
the course of the disease, when severe pulmonary hy-
pertension and cor pulmonale may become apparent.
Frank findings of collagen vascular disease (such as
rashes, inflammatory arthritis, and myositis) suggest
an alternative diagnosis.

Laboratory abnormalities are mild and nonspecific.
Mild anemia, increases in markers of systemic inflam-
mation (erythrocyte sedimentation rate or C-reactive
protein level), and nonspecific increases in rheumatoid
factor and antinuclear antibodies are observed in up
to 30 percent of patients.

 

37-39

 

 In the absence of other
findings of a systemic illness, the presence of autoan-
tibodies does not imply an underlying collagen vascu-
lar disorder. Pulmonary-function tests typically reveal
a parenchymal restrictive ventilatory defect, with re-
duction in total lung capacity, functional residual ca-
pacity, and residual volume due to decreased lung
compliance.

 

40

 

 However, patients who smoke may also
have a concurrent obstructive ventilatory defect.

 

30

 

 Im-
pairments in gas exchange may be demonstrated by a
decrease in the carbon monoxide diffusing capacity or
by hypoxemia with graded exercise testing.

 

41

 

The typical chest radiograph in idiopathic pulmo-
nary fibrosis reveals bilateral reticular opacities that
are most prominent in the periphery of the lungs and
in the lower lobes (Fig. 3).

 

39,42

 

 Progressive fibrosis
leads to cystic dilatation of the distal air spaces, which
is visible as peripheral “honeycombing.” Decreased
parenchymal compliance may lead to traction bron-
chiectasis, which is visible as thickened and dilated air-
ways. Although virtually all patients will have an
abnormal chest radiograph on presentation, unusual
cases of biopsy-proved idiopathic pulmonary fibrosis
have been reported with normal radiographic studies.

 

4

 

The presence of pleural effusions, air bronchograms,
confluent shadows, or hilar adenopathy strongly sug-
gests an alternative diagnosis or superimposed com-
plicating illness.

Computed tomography (CT) has greatly enhanced
the evaluation of interstitial lung diseases. Thin-sec-
tion or high-resolution CT increases spatial resolution,
facilitating visualization of parenchymal detail to the
level of the pulmonary lobule. This improved imaging
allows experienced readers to characterize anatomical
patterns in interstitial lung diseases. The typical CT
features of idiopathic pulmonary fibrosis include patchy
peripheral reticular abnormalities with intralobular lin-
ear opacities, irregular septal thickening, subpleural
honeycombing, and traction bronchiectasis (Fig. 4).
These findings are always most prominent in the low-
er lung zones, but they may involve all lobes in ad-
vanced disease. The extent of disease on high-resolu-
tion CT correlates with fibrosis on biopsy and with
physiological impairment.

 

43

 

A study examined the ability of physicians expert
in the diagnosis of interstitial lung diseases to identify
correctly high-resolution CT scans from patients with
biopsy-proved idiopathic pulmonary fibrosis.

 

44

 

 When
the expert group made a confident diagnosis of idio-
pathic pulmonary fibrosis from the CT scan and basic
clinical data, they were correct in over 80 percent of
the cases. However, over half the patients with proved
idiopathic pulmonary fibrosis had an uncertain diag-

 

Figure 3.

 

 Chest Radiograph of a Patient with Idiopathic Pulmo-
nary Fibrosis.
A chest radiograph reveals bilateral reticular infiltrates. There is
subpleural (arrow) and lower-lobe predominance. Open-lung
biopsy confirmed pathological changes typical of usual inter-
stitial pneumonia.
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nosis on the basis of high-resolution CT and clinical
evaluation. Thus, experienced clinicians can make a
confident diagnosis of idiopathic pulmonary fibrosis
in many patients without the need for biopsy.

 

44,45

 

When the diagnostic studies do not support a confi-
dent diagnosis of idiopathic pulmonary fibrosis or the
clinician is less experienced, a lung biopsy is needed
for diagnosis.

Lung biopsy remains the standard for identifying
specific idiopathic interstitial pneumonias. Because the
diagnosis relies on grading lesions that vary in both
age and location, a large piece of lung parenchyma is
required. Therefore, transbronchial biopsies are used
only to rule out other disorders that mimic idiopathic
pulmonary fibrosis. These smaller biopsies are not ad-
equate to establish a pathological diagnosis of idio-
pathic pulmonary fibrosis. Surgical lung biopsy can be
performed either by thoracotomy or by less invasive
video-assisted or thoracoscopic techniques. Preoper-
ative high-resolution CT scans direct the surgeon to
specific abnormal regions of the lung.

 

46

 

 Optimal eval-
uation requires biopsies from several sites. This pro-
cedure can be safely performed even in patients un-
dergoing ventilation, but it may be associated with
substantial complications, including prolonged bron-
chopleural fistulas and post-thoracotomy pain.

 

47,48

 

Other techniques, such as gallium lung scanning
and bronchoalveolar lavage, have been used to study
patients with idiopathic pulmonary fibrosis.

 

49,50

 

 Al-
though these are important in excluding alternative
causes and yield valuable material for basic investiga-
tions into the mechanisms of pulmonary inflamma-
tion, there is little evidence that they provide practical
information to support a diagnosis of idiopathic pul-
monary fibrosis, to monitor disease activity, or to pre-
dict the response to therapy.

 

NATURAL HISTORY

 

Idiopathic pulmonary fibrosis is a progressive illness.
Increasing parenchymal fibrosis leads to decreased lung
compliance, with a progressive increase in the work of
breathing.

 

41,51

 

 Although approximately 40 percent of
patients eventually die of respiratory failure, disease
progression can be difficult to predict. In many pa-
tients with idiopathic pulmonary fibrosis, death is trig-
gered by a complicating illness, mainly coronary ar-
tery disease and infections.

 

52

 

 Traction bronchiectasis,
poor clearance of mucus, and perhaps an increased in-
cidence of gastroesophageal reflux predispose patients
with idiopathic pulmonary fibrosis to lower respiratory
tract infections.

 

53

 

 The risk of such infections may be
magnified by the concurrent use of corticosteroids or

 

Figure 4.

 

 Chest CT Scan in a Patient with Idiopathic Pulmonary Fibrosis.
A representative high-resolution chest CT image from the patient whose radiograph is depicted in Fig-
ure 3 is shown. High-resolution CT images of the lung parenchyma are best obtained with the patient
lying prone to reduce gravitational effects on lower-lobe lung density. There is prominent irregular
septal thickening (arrowhead), subpleural honeycombing (asterisk), and a dilated airway, representing
traction bronchiectasis (arrow). Open-lung biopsy confirmed pathological changes typical of usual inter-
stitial pneumonia.

*
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other immunomodulatory therapy. End-stage disease
is characterized by severe pulmonary hypertension
with cor pulmonale that often does not improve with
oxygen therapy. Left ventricular dysfunction is found
in less than 10 percent of patients with severe idiopath-
ic pulmonary fibrosis, and when present, it is often due
to coexisting right-sided heart failure with ventricular
interdependence (in 66 percent of patients).

 

54

 

 Thus,
traditional therapies aimed at diuresis and afterload re-
duction are unlikely to benefit these patients and may
further compromise a preload-dependent right ven-
tricle. The incidence of bronchogenic carcinoma is in-
creased in patients with idiopathic pulmonary fibrosis.
Whether this results from the effects of scarring and
chronic inflammation or from an interaction between
cigarette smoking and occupational exposure remains
controversial.

 

55

 

Even in the absence of a complicating disease, the
median survival after the diagnosis of biopsy-con-
firmed idiopathic pulmonary fibrosis is less than three
years.

 

56

 

 Previous studies suggesting longer survival
were complicated by the inclusion of types of idiopath-
ic interstitial pneumonias other than usual interstitial
pneumonia, which have a better prognosis. Factors
associated with shortened survival include older age,
poor pulmonary function at presentation, recent de-
terioration in the results of pulmonary-function tests,
and advanced fibrosis.

 

57-60

 

 Thus, true idiopathic pul-
monary fibrosis is a grave diagnosis that should prompt
early evaluation for lung transplantation, if appropriate,
and timely end-of-life discussions with all patients.

 

THERAPY

 

At present, there are no proven therapies for idio-
pathic pulmonary fibrosis. Given the newer insights
into the pathogenesis of idiopathic pulmonary fibrosis,
novel approaches must be aimed at minimizing the se-
quelae of repeated acute lung injury.

 

Antiinflammatory Agents

 

Based on early observations demonstrating inflam-
matory cells in the distal air space, numerous studies
have investigated the use of corticosteroids and cy-
totoxic agents in the management of idiopathic pul-
monary fibrosis. Early reports found response rates of
10 to 40 percent.

 

38,61-63

 

 Correlative studies have sug-
gested that corticosteroids reduce so-called ground-
glass opacities seen on high-resolution CT in some
patients with idiopathic interstitial pneumonias, and
that this reduction parallels improvement in pulmo-
nary function.

 

64

 

 A similar study found that although
ground-glass attenuation on high-resolution CT de-
creased in response to corticosteroids, the progression
to irreversible honeycomb fibrosis was not altered.

 

65

 

However, in all of these studies, it is clear that idiopath-
ic interstitial pneumonias other than idiopathic pulmo-
nary fibrosis, such as nonspecific interstitial pneumo-
nia, were not excluded. 

When antiinflammatory agents were given only to
patients with a secure diagnosis of idiopathic pulmo-
nary fibrosis, there was no evidence of a meaningful
response.

 

3,66-68

 

 Furthermore, high-dose prednisone
therapy is associated with serious side effects, includ-
ing hyperglycemia requiring insulin, myopathy, exac-
erbation of hypertension, and accelerated osteoporosis.
Cytotoxic agents also have limiting side effects, in-
cluding myelosuppression, secondary cancers, and
drug-induced interstitial pneumonia, which further
complicate clinical decision making. Although anti-
inflammatory drugs are often used to treat idiopathic
pulmonary fibrosis, current evidence does not support
their routine use.

 

4

 

 A trial of antiinflammatory therapy
may be rational if an idiopathic interstitial pneumonia
other than idiopathic pulmonary fibrosis is suspected.
In this instance, a trial of prednisone should be limited
to three to six months, with rigorous assessment for
objective improvement in physiological measures, ra-
diographic findings, and clinical symptoms. Longer
trials of prednisone or the prolonged use of cytotoxic
agents remains controversial. In the absence of objec-
tive improvement, therapy with these agents, in most
instances, should be discontinued.

 

Antifibrotic Agents

 

Therapies designed to inhibit fibrogenesis have also
been used in patients with idiopathic pulmonary fi-
brosis. Useful agents might interfere with matrix syn-
thesis, fibroblast proliferation, or profibrotic cell–cell
signaling.

In vitro, colchicine interferes with intracellular pro-
collagen processing, increases the expression of col-
lagen-degrading enzymes, and suppresses release of fi-
broblast growth factors by macrophages. Because of
the extensive clinical experience with colchicine in the
treatment of gout and its established safety profile, col-
chicine has been tried in patients with idiopathic pul-
monary fibrosis. Initial studies seemed promising, with
trends toward improved outcomes.

 

69

 

 However, follow-
up studies that incorporated strict diagnostic criteria
for idiopathic pulmonary fibrosis have failed to show
any benefit of colchicine over no therapy at all.

 

70,71

 

Similarly, no beneficial effect was seen for the collagen
cross-link inhibitor penicillamine.

 

71

 

Pirfenidone is a pyridone molecule reported to
block in vitro growth factor–stimulated collagen syn-
thesis, extracellular matrix secretion, and fibroblast
proliferation.

 

72,73

 

 In addition, in a mouse model of
lung injury, pirfenidone ameliorated cyclophospha-
mide-induced pulmonary fibrosis.

 

74

 

 In a small trial,
daily pirfenidone was reasonably well tolerated by very
ill patients with end-stage idiopathic pulmonary fi-
brosis.

 

75

 

 The results of pulmonary-function tests ap-
peared to become stable. Clearly, a larger study is
needed to confirm these observations. However, a
larger, controlled study of pirfenidone in idiopathic
pulmonary fibrosis may not be feasible, because the
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agent is not available for clinical use in the United
States at this time.

Other agents with the capacity to block fibrogenesis
may be useful in idiopathic pulmonary fibrosis. Re-
laxin is a peptide that circulates during the later phas-
es of gestation and contributes to remodeling of the
pubic ligaments.

 

76

 

 It has also been shown to decrease
collagen production by cultured fibroblasts and alter
the proteinase–antiproteinase balance to favor matrix
breakdown.

 

77

 

 Relaxin inhibited fibrosis in a murine
model of drug-induced injury.

 

77

 

 In one human trial,
administration of relaxin over 24 weeks resulted in
improved skin texture and pulmonary-function test
results in patients with progressive systemic sclerosis.

 

78

 

Suramin is a synthetic compound that has been used
for a number of years to treat nematode infestations.
In the laboratory, it has been found to inhibit the ef-
fect of numerous profibrotic growth factors.

 

79

 

 In rab-
bits, it delays wound healing and prevents hypertroph-
ic scarring after eye surgery.

 

80

 

 These features make it
an intriguing potential agent for future trials in pa-
tients with idiopathic pulmonary fibrosis.

Endothelin-1 is a mitogenic and vasoactive peptide
synthesized and secreted by vascular endothelium and
airway epithelium.81 This mediator has been found in
association with fibroblast foci in lung biopsies and
can be recovered from the distal air space by broncho-
alveolar lavage.82 In animal models, inhibition of en-
dothelin-1 prevents pulmonary scarring after lung in-
jury.83 Angiotensin II is another vasoactive peptide
with fibroblast mitogenic effects.84,85 Angiotensin II–
mediated fibroblast proliferation appears to be linked
to autocrine production of transforming growth fac-
tor b1.

84 Given the availability of effective inhibitors
of angiotensin II receptors, these agents will probably
be evaluated for the treatment of idiopathic pulmo-
nary fibrosis.

Immune Modulators

Both in vitro studies and investigations in animals
suggest that modification of the inflammatory re-
sponse to wound healing may ultimately affect the de-
gree of fibrosis after lung injury.19 Interferon gam-
ma, a Th1 cytokine, down-regulates the expression
of transforming growth factor b1, a mediator strongly
implicated in fibroblast proliferation and collagen dep-
osition.86 Furthermore, interferon gamma may sup-
press established Th2-type inflammatory responses.
One trial examined the use of interferon gamma-1b
in idiopathic pulmonary fibrosis.22 In a group of 18
patients, half received subcutaneous injections of in-
terferon gamma-1b three times weekly and low-dose
prednisone for 12 months; the other half received
prednisone alone. After one year of follow-up, all study
participants were alive, and small improvements in
lung volumes, gas exchange, and symptoms were seen
only in the interferon-treated group. These improve-
ments were accompanied by a reduction in the expres-

sion of genes for transforming growth factor b1 and
connective-tissue growth factor in lung tissue.22

Although patients had influenza-like symptoms dur-
ing the early phases, all were able to complete the ex-
perimental protocol. However, given the small number
of patients, the small amount of physiological improve-
ment, and the unusually good survival in the untreated
group, a larger confirmatory trial is necessary to ascer-
tain how applicable these results are to patients with
idiopathic pulmonary fibrosis in general.

Other promising targets of the Th2 inflammatory
response include the cytokines interleukin-4 and in-
terleukin-13 and the pluripotent growth factor trans-
forming growth factor b1. In animal models of lung
injury, inhibition of these profibrotic mediators has
been demonstrated to decrease fibrosis.19,87,88

Lung Transplantation

Lung transplantation has emerged as a viable option
for some patients with idiopathic pulmonary fibro-
sis.89-91 Many patients show improvement with single-
lung transplantation, a result that facilitates better uti-
lization of this scarce resource. Patients under the age
of 55 years without complicating medical illnesses are
best served by early referral to regional transplantation
centers, since the waiting period for transplantation
is generally around two years. Unfortunately, most pa-
tients are not eligible, because of older age or com-
plicating medical conditions.

SUMMARY

Idiopathic pulmonary fibrosis is a rapidly progressive
illness of unknown cause characterized by sequential
acute lung injury with subsequent scarring and end-
stage lung disease. Treatment at present remains large-
ly supportive, with evidence that patients’ satisfaction
and survival may be improved by referral to centers
specializing in the evaluation of interstitial lung dis-
eases.92 Although no drug therapy has clearly been
demonstrated to benefit patients with idiopathic pul-
monary fibrosis, a number of novel investigational
agents hold promise for future study. Given the poor
prognosis associated with idiopathic pulmonary fibro-
sis, patients should be referred to regional centers of
expertise for enrollment in therapeutic clinical trials
or for lung transplantation.

Supported in part by the Specialized Centers of Research program on in-
terstitial lung disease of the National Heart, Lung, and Blood Institute.
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