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Current and future therapeutic approaches

in idiopathic pulmonary fibrosis
D. Bouros* and K.M. Antoniou#

ABSTRACT: Idiopathic pulmonary fibrosis (IPF) is a lethal form of idiopathic diffuse lung

disorders for which no current treatment is effective. The aim of the present study was to

systematically review the current status and novel therapies of IPF, with emphasis on controlled

trials.

The studies selected included randomised controlled trials using drugs alone and/or in

combination for the treatment of adults with IPF and meta-analyses, published in English.

Abstracts of identified articles were retrieved and articles possibly fulfilling inclusion criteria were

retrieved in full. Two reviewers independently assessed trial quality if there were any included

studies. Data quality was based on place of publication and relevance to clinical care.

There is a lack of good-quality studies regarding the effectiveness of the most used drugs,

including corticosteroids and noncorticosteroid immunosuppressive agents. Oral corticosteroids

are the usual treatment. Other therapies either alone or in combination with corticosteroids are

widely used, including azathioprine, cyclophosphamide and colchicine. Interestingly, clinical

trials with novel drugs, mainly antifibrotic, anticytokine and immunoregulatory, are currently being

investigated in various trial phases.

In conclusion, at present, there are no evidence-based therapies for idiopathic pulmonary

fibrosis. Further controlled studies are warranted to improve the evidence base for clinical

practice.
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I
diopathic pulmonary fibrosis (IPF), also
termed cryptogenic fibrosing alveolitis
(CFA), is the most common of the seven

disease entities of the idiopathic interstitial
pneumonias (IIPs), constituting more than half
of cases [1–5]. IPF is a specific form of chronic
fibrosing interstitial pneumonia of unknown
aetiology, limited to the lung. The estimated
incidence is 7–11 cases per 100,000 and the

estimated prevalence 27–29 per 100,000 [4].
Cardinal symptoms include dry cough and
exertional dyspnoea becoming progressively
worse over several months, while physical
examination reveals basilar, end-inspiratory ‘‘cel-
lophane’’ or ‘‘velcro’’ rales in .80% of patients.

Restrictive pulmonary function and exercise-
related hypoxaemia are part of the clinical
picture. Clinically, IPF must be distinguished
from the other IIPs. A definitive diagnosis
requires surgical lung biopsy, but a confident
diagnosis can be affirmed in typical cases using

the recently established criteria [1]. The most

difficult differential is often between nonspecific
interstitial pneumonia (NSIP) and IPF.

A high-resolution computed tomography
(HRCT) scan of the thorax is essential for
diagnosis and follow-up. Typical HRCT scans
and clinical evaluation can assist experienced
clinicians in making a confident diagnosis with-
out the need for biopsy [1–3]. According to recent
recommendations of the American Thoracic
Society/European Respiratory Society (ATS/
ERS) [1], the sine qua non pathological pattern of
IPF is that of usual interstitial pneumonia (UIP). IPF
is characterised by a UIP pattern that varies in
severity throughout the lung. The histological
hallmark of IPF, the fibroblastic focus, is rare or
absent in NSIP. Furthermore, the lesions in NSIP
are often remarkably uniform throughout the lung.
The patterns on HRCT can also sometimes distin-
guish the conditions [6]. Patients with a HRCT scan
that is typical for UIP and histological UIP have a
significantly worse prognosis than those with a
histological UIP and atypical HRCT scan [7].
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It has been proposed that UIP/IPF represents a distinct disease
process/entity that is separate from other IIPs, largely based
on the paucity of ‘‘inflammation’’ on UIP histology and
unresponsiveness to conventional therapy with anti-
inflammatory agents [8, 9]. Recent studies demonstrate,
however, that different histopathological patterns of IIP co-
exist in the same patient and even in the same lobe of the lung
[10]. In cases where multiple biopsies were available for
evaluation, discordance among the biopsies was often present
[10]. Of note, the prognosis is still predicted by the histology,
with the uniform (NSIP-like) cases having the best prognosis.

The overall survival resembles that for patients with lung
cancer [11]. Most IPF patients die within 3–8 yrs from the onset
of symptoms, with a mean survival of 2.5–3.5 yrs (5-yr survival
range 30–50%) [12–17].

Therapy of IPF is highly controversial and mostly ineffective.
Initial pathogenetic theory considered IPF as a result of an
unidentified insult initiating the cycle of chronic inflammation
leading to fibrosis. Making the assumption that interrupting
the inflammatory cascade before irreversible parenchymal
injury occurs, fibrosis might be alleviated and anti-inflamma-
tory therapy seemed reasonable. Traditionally, corticosteroids,
immunosuppressive or cytotoxic agents have been used.
However, it is now clear that these treatment options are of
unproven benefit and have potentially serious side-effects. All
of the prior studies had serious flaws, which have been alluded
to in multiple publications. A recent consensus statement [1]
suggests that a trial of therapy is reasonable for patients with
clinical or physiological impairment or a deteriorating course.
The ATS/ERS international consensus statement recommends
combined therapy (corticosteroid and either azathioprine
(AZA) or cyclophosphamide (CP)) for initial treatment of
those patients with IPF who have been given adequate
information regarding the merits and pitfalls of treatment,
and who possess features consistent with a more likely
favourable outcome [1]. In this context, both the ATS and
ERS recommend combining an immunosuppressive agent,
AZA or CP (2–3 mg?kg?day-1), with prednisone or predniso-
lone (0.5 mg?kg?day-1 for 4 weeks) with gradual taper [1].
However, this statement concludes that existing therapies for
IPF are of unproven benefit, emphasising the need to develop
novel therapies.

It appears that this is a critical time in the study and treatment
of IPF. Current understanding of the pathogenesis and natural
history of the disease continues to grow. Although there is, as
yet, no demonstrated effective treatment for IPF, there are a
number of promising candidates. Lessons from previous
clinical trials will be very helpful in the evaluation of these
agents and perhaps the need for multimodality therapy.
Various potential therapies might be effective in countering
each pathogenic stage.

Furthermore, contrasts in outcomes and interpretation of
recent studies underscores the importance of study design in
choosing appropriate and valid end points. The necessity of
‘‘pathotherapeutic’’ linkage in the design of future studies also
seems important. Therefore, it is incumbent on all pulmonol-
ogists to direct IPF patients to clinical trials so that answers can
hopefully be provided.

The objective of the present study was to systematically review
the current status and the novel therapies of IPF, with
emphasis on controlled trials.

METHODS
Peer-reviewed publications were identified through MEDLINE
(January 1966–July 2004), EMBASE (January 1973–July 2004),
the Cochrane Central Register of Controlled Trials (The
Cochrane Library Issue 3, 2004), and references from biblio-
graphies of relevant articles.

Each drug was searched in combination with the term IPF or
CFA. Criteria used for study selection included controlled
study design, English language and validity based on power
analysis and venue of publication.

DATA SYNTHESIS
The high-quality controlled clinical trials of pharmacological
therapy in IPF are summarised in table 1.

Anti-inflammatory drugs
Corticosteroids
Although corticosteroids have been considered the mainstay of
IPF treatment for decades, there are no controlled trials using
corticosteroids alone for the treatment of IPF [24]. Therefore,
any conclusive evidence supporting the use of corticosteroid
therapy for the treatment of IPF is lacking. A review of a series
of noncontrolled trials showed that the short-term improve-
ment in pulmonary function did not affect the 3–5-yr survival
[25]. Since these early studies that report responses of 10–30%
with corticosteroids given alone or in combination with
immunosuppressives precede the current classification of IIP,
it is possible to include cases of IIP responsive to corticoster-
oids, such as NSIP, desquamative interstitial pneumonia,
respiratory bronchiolitis-associated interstitial lung disease or
cryptogenic organising pneumonia, which are considered
steroid responsive. When anti-inflammatory agents were given
in pure cases of IPF, there was no evidence of significant
response [24]. Therefore, it is crucial to make an accurate
diagnosis in each patient.

Early treatment with corticosteroids, when active inflamma-
tion is present, has been suggested to be associated with a
better outcome [25]. Given the serious adverse effects and the
lack of any evidence for a dose-response effect, the primum non
nocere principle for the high doses of corticosteroids should be
kept in mind.

Cytotoxic and immunosuppressive agents
AZA and CP are the most frequently used second-line drugs,
usually in combination with corticosteroids. There is little
good-quality information regarding the efficacy of cytotoxic
and immunosuppressive agents in IPF/UIP. Currently, there is
little to justify the routine use of any of them in the
management of IPF/UIP [26].

Azathioprine
AZA is a well-tolerated cytotoxic agent widely used in the
management of IPF. Although a number of studies have
investigated the use of this agent, there are only three
randomised controlled trials in the literature [19, 20, 27], only
one of which is of high methodological quality [19]. The trial
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by FULMER et al. [27] contained inadequate data as it was only
published in abstract form. This study failed to show
significant difference between therapies. The second random-
ised controlled trial of lesser quality showed some marginal
benefit by adding AZA to prednisone [19]. The study by
RAGHU et al. [19] showed a small, but statistically significant,
long-term survival advantage for AZA once allowances were
made for age differences.

There are several uncontrolled, nonrandomised and often poor
methodological studies combining AZA with corticosteroids
reporting responses in the therapy of IPF and sometimes
with other agents, most frequently cyclophosphamide or D-
penicillamine. A firm conclusion cannot be derived from these
studies [28–35].

Based upon the limited data available, there appears to be little
benefit achieved from the addition of AZA to oral corticoster-
oid therapy in the treatment of IPF. There does not appear to be
a significant therapeutic or steroid-sparing effect. However, it
may give a long-term, minor survival advantage. Although the
data are insufficient to show a clear additive effect of AZA,
given its better adverse effects profile compared with CP,
many experts and the aforementioned guidelines propose a 6-
month trial of oral AZA in patients with symptomatic or
progressive disease [1].

Cyclophosphamide
CP is frequently used as a second-line drug for patients that
either have failed or presented adverse effects from short- or

long-term corticosteroid therapy. However, there is little
evidence available in the literature to support its use. The
overall experience from several small published case series [32,
36–45] and from the only randomised comparative study [18]
has been disappointing. The study by JOHNSON et al. [18] was
methodologically flawed and, since it has been contacted
before the current classification of IIP, contained patients with
other forms. Intravenous, rather than oral, cyclophosphamide
failed to demonstrate additional benefit [35, 36, 38]. In a
retrospective study, COLLARD et al. [46] compared combination
corticosteroid and CP therapy in a large population of patients
who met the current consensus definition of IPF. No survival
difference was found between patients who were treated or
untreated (p50.58). In a recent published study, the authors
compared the efficacy of CP combined with low-dose
prednisolone in the treatment of IPF (27 patients) with efficacy
in idiopathic fibrosing NSIP (12 patients). It has been reported
that patients with fibrosing NSIP had a more favourable
response to combination therapy and a better survival than
those with IPF [47]. Therefore, given its serious toxicities and
its limited, if any, efficacy, CP is not recommended as therapy
for IPF.

Cyclosporine
Cyclosporine has rarely been used as an adjunct in the
management of IPF and in reducing the dose of oral
corticosteroids in participants awaiting lung transplantation.
There is no good evidence showing that cyclosporine therapy
is of benefit. No controlled clinical trials exist. However, there

TABLE 1 Controlled clinical trials of pharmacological therapy in idiopathic pulmonary fibrosis (IPF)

Ref. Therapy Study design Outcome

[18] Prednisone high dose versus cyclophosphamide

plus prednisone low dose

Randomised, open, prospective 43

patients with IIPs (heterogeneous group)

Similar effectiveness (32 versus 24%,

nonsignificant)

[19] Prednisone in high dose ¡ azathioprine Randomised, double-blinded, placebo-

controlled prospective study; 27 patients

with IPF/UIP

Significant survival advantage for combined

therapy when adjusted for age. No other

significant differences

[20] Prednisone in high dose ¡ azathioprine Prospective randomised, double-blinded,

placebo controlled study; 27

participants with IPF

Marginal improvement with azathioprine.

Details of diagnostic methods, trial

methodology not provided. Little

statistical information available

[21] Prednisone (60 mg?day-1 tapered over 1 yr) or

colchicines (0.6–1.2 mg?day-1)

Randomised, open, multicentre prospective

study over 12 months with long-term

follow-up; 26 adults with IPF/UIP

No difference between treatment arms in

survival, pulmonary function, side-effects,

treatment failure (83 versus 64%). No

control arm included

[22] Prednisone ¡ IFN-c-1b (200 mg 3 times?week-1) Randomised, open, prospective study;

18 adults with IPF/UIP, end-stage

disease excluded

Significant improvement in pulmonary

function tests, oxygenation, gene

transcription in IFN arm. IFN-c-1b well

tolerated

[23] Prednisone + IFN-c-1b (200 mg 3 times?week-1)

versus placebo

Prospective randomised, double-blinded,

placebo-controlled study; 330

participants with IPF

IFN-c-1b did not affect progression-free

survival, pulmonary function tests and

quality of life

Unpublished data# IFN-c-1b (200 mg 3 times?week-1) versus

colchicine (1 mg?day)

Open, prospective, randomised; 50 IPF/UIP

patients, 2:1 randomisation

IFN-c-1b improved survival and outcome

IIP: idiopathic interstitial pneumonia; UIP: usual interstitial pneumonia; IFN: interferon. #: K.M. Antoniou, et al., Dept of Thoracic Medicine, University Hospital of Heraklion,

Crete, Greece.
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are a number of uncontrolled studies in the literature [48–52],
but the trials are of poor methodological quality and often
contain participants with heterogeneous diseases. The optimal
dose of cyclosporine is unknown.

Mycophenolate mofetil
Although this drug is a potent immunosuppressive and there
is a reasonable hypothesis for activity in IPF [53], it has not yet
been evaluated. However, cases of pulmonary fibrosis follow-
ing administration of this drug [54, 55] have been reported.

Other cytotoxic chemotherapeutic agents
Methotrexate has been used rarely, probably because of its
known pulmonary toxicity [56, 57]. Methotrexate-induced lung
injury is difficult to distinguish from progression of the
underlying disease. Chlorambucil or vincristine have only
been used once each in a case report [20, 40].

New concepts in pathogenesis and implications for management
in IPF
Historically, it was believed that UIP was the end result of all
IIPs. However, it is currently clear that UIP is distinguishable
from the other forms of IIP with prognostic and therapeutic
implications. It was long believed that IPF was the result of a
repeated unknown insult to lung parenchyma, leading to
inflammation and eventually to diffuse pulmonary fibrosis,
loss of the architectural structure and progressive deterioration
in pulmonary function [16]. Although this hypothesis seems
true for other corticosteroid-responsive IIPs and diffuse
parenchymal lung diseases, it is unlikely that this is the case
in IPF. In support of this is the poor responsiveness of IPF to
anti-inflammatory drugs, such as corticosteroids. According to
the current pathophysiological theory, IPF/UIP is the result of
continuing patchy alveolar epithelial injury and abnormal
wound healing [9, 17]. Alveolar epithelial cells are hyper-
trophic/hyperplastic, with phenotypic alterations and expres-
sion of profibrotic cytokines and growth factors that are
implicated in IPF pathogenesis [58–63]. These cells may also be
involved in the production of: tissue factor and plasminogen
activator inhibitor-I; decreased plasmin and increased fibrin
deposition; lack of activation of matrix metalloproteinases
responsible for extracellular matrix degradation; impaired
epithelial cell migration; and increased fibroblast proliferation
[64–66].

Fibroblast/myofibroblast foci to sites of lung injury, decreased
myofibroblast apoptosis [67] and increased activity of end
response to fibrogenic cytokines [68] are characteristic features
of IPF/UIP. It is recognised that fibroblasts/myofibroblasts can
maintain their activity and growth in the absence of inflam-
matory cells [69] via epithelial autocrine mechanisms. The
possible pathogenetic role of circulating fibrocytes has recently
been suggested [70].

NOVEL APPROACHES TO THERAPY
Immunomodulators
Recent clinical trials suggest that targeting the ‘‘fibroprolifera-
tive’’ process, and not the inflammatory pathway, may be
more promising. However, novel biological antifibrotic drugs,
such as interferon-c-1b (IFN-c-1b), appear as effective therapy
in a subset of patients.

Interferon-c-1b
IFN-c is an inflammatory cytokine with a number of inhibitory
effects on fibroblasts. In a small pilot-controlled study of 18 IPF
patients, ZIESCHE et al. [22] found a favourable response in both
molecular and clinical aspects. These cases have been
extensively reviewed and are felt to be true IPF cases [71].
Recently, RAGHU et al. [23] randomly assigned 330 patients with
unresponsiveness to corticosteroid therapy to receive either
IFN-c-1b (200 mg three times?week?s-1) or placebo. No statistic-
ally significant differences were observed in the primary
outcome variables (disease progression), mortality and func-
tional deterioration. However, there was a strong trend
(p50.08) towards better survival with treatment. A survival
benefit (p50.04) was found in patients with mild-to-moderate
disease (forced vital capacity (FVC) above the median .62%
predicted) [23].

Furthermore, a recently published study found changes after
IFN-c-1b treatment primarily in angiogenic biomarkers
(CXCL11 and epithelial neutrophil-activating protein-78,
ENA-78), but not in transforming growth factor (TGF)-b or
connective tissue growth factor (CTGF), suggesting that IFN-c-
1b may affect IPF through multiple pathways [72].
Additionally, the present authors found increased levels of
the angiogenic cytokine interleukin (IL)-18 in IPF patients in
comparison with healthy controls, but no differences at the
level of Th1 cytokines (IL-12 and IL-18) in the bronchoalveolar
lavage fluid (BALF) between the two treatment groups (IFN-c-
1b or colchicine) after 12 months of treatment [73].

It was recently reported that physiological change is an
imperfect predictor of mortality and that survival is the most
appropriate end point for future studies [74]. It is possible,
therefore, that efficacy using IFN-c-1b may be demonstrable in
a study with a different design. This apparent survival
difference is the subject of a phase III multicentre international
trial, enrolling 600 patients to assess the impact of IFN-c-1b on
overall survival. The trail is entitled INSPIRE.

Antifibrotic agents
Colchicine
Colchicine inhibits the secretion of collagen and a number of
other important growth factors necessary for fibroblast
proliferation, as well as the release of mediators responsible
for the development of fibrosis, fibronectin and alveolar-
macrophage-derived growth factor. These effects have formed
the basis for a number of clinical trials in patients with IPF.
There are two retrospective studies [75, 76], one prospective,
nonrandomised study [77] and one good-quality, randomised,
controlled trial [21]. The only randomised, controlled, open
trial [76] compared 26 patients treated with either colchicine
0.6–1.2 mg?day-1 (n514) or prednisone (n512) for 12 months.
Follow-up was for up to 2.5 yrs. In most subjects with typical
clinical and HRCT features of idiopathic UIP, neither pred-
nisone nor colchicine resulted in objective improvement,
and the disease continued to progress in the majority.
Colchicine appears to be a safer alternative to a trial of high-
dose prednisone, but may be no different than no
therapy. With the present limited data, there is no evidence
to suggest a beneficial role for colchicine in the treatment of
IPF.
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D-penicillamine
D-penicillamine inhibits collagen turnover, collagen synthesis
and attenuates collagen deposition by interrupting cross-
linking of collagen molecules [78].

Although D-penicillamine has been extensively used in the
therapy of IPF, good-quality controlled trials do not exist.
Several open-label, nonrandomised uncontrolled trials or case
series, which were adequate methodologically [28, 30, 35, 79–
82] failed to show any benefit. Given the present evidence of
benefit and the frequent side-effects, D-penicillamine does not
appear to be a treatment choice in IPF.

Pirfenidone
Pirfenidone is an orally taken, well-tolerated drug, apart from
some gastro-intestinal side-effects and photosensitivity. In vitro
evidence has shown that pirfenidone inhibits collagen synth-
esis, downregulates pro-fibrotic cytokines and decreases
fibroblast proliferation in vitro through TGF-b-mediated effects
[83].

There are no randomised controlled trials examining the role of
pirfenidone in patients with IPF. There is one prospective,
open-label, phase II trial [84], and one case series study [85]
showing some encouraging data.

The results of a double-blind, randomised, placebo-controlled
study of 107 patients with IPF have recently been published
recently by AZUMA et al. [86]. The primary end point was the
difference in the change in the lowest oxygen saturation by
pulse oximetry during a 6-min exercise test, from baseline to 6
months. The authors did not find any statistically significant
difference between the two groups (p50.072). However,
positive treatment effect with pirfenidone was demonstrated
in secondary end points, such as vital capacity and prevention
of acute exacerbation of IPF.

Angiotensin-converting enzyme inhibitors and statins
Angiotensin-converting enzyme inhibitors (ACEI) and statins
(3-hydroxy-3-methylglutaryl coenzyme-A reductase inhibitors)
have been shown to possess antifibrotic properties in experi-
mental models in vitro and in vivo. In a retrospective review
[87] of the effects of survival of 52 patients receiving ACEI and
35 patients receiving statins, there was no significant difference

in survival between patients with IPF receiving either ACEI or
statins versus those receiving neither at the index visit (2.5 yrs
versus 3 yrs, respectively; p50.066).

Antioxidants
N-acetylcysteine
N-acetylcysteine has antioxidant properties and replenishes
glutathione in the lungs of patients with different mechanisms
of action, including decreasing fibroblastic and extracellular
matrix deposition, as well as reducing inflammation [88].
Studies have shown that N-acetylcysteine elevates BALF levels
of glutathione in IPF patients, but not in healthy controls [89].
There are no published randomised controlled trials to assess
the role of N-acetylcysteine in IPF. There is only one short-
term, prospective, open-label, uncontrolled trial in a group of
10 IPF patients [90].

A randomised, double-blind, placebo-controlled trial was
recently completed in seven European countries. In the present
study, oral N-acetylcysteine (1,800 mg?day-1) has been added
to conventional therapy with prednisone (0.5 mg?kg?day-1)
plus AZA (2 mg?kg?day-1). The primary end point was a
change in the FVC and carbon monoxide diffusing capacity of
the lung (DL,CO). Of the 184 patients enrolled, 155 qualified for
the final analysis. There was a significant difference in the rate
of decline in both parameters in favour of the N-acetylcysteine
group. However, there was no difference in the mortality
between the two groups. Therefore, this appears to have been a
positive study based on the primary end points chosen.

Clinical trials under way
Given the lack of effective treatment, there is a major need for
additional high-quality randomised controlled clinical trials to
evaluate evolving and potential therapeutic agents in the
therapy of IPF. A number of early-phase interesting clinical
trials are currently under way (table 2).

Endothelin receptor 1 antagonist
The endothelial cell-derived endothelin-1 (ET-1) is a potent
mitogen for endothelial cells, vascular smooth muscle cells and
tumour cells. ET-1 is strongly upregulated in IPF lungs and is
mainly expressed in epithelial cells. Some studies have
suggested that inhibition of this mediator could have anti-
fibrotic effects [91, 92]. In addition, it has recently been

TABLE 2 Ongoing clinical trials with novel drugs for idiopathic pulmonary fibrosis

Therapy Study design Phase Objective

IFN-c (200 mg three times?week-1 s.c.) Double-blind, randomised, placebo-controlled

multicentre

III Survival

Bosentan (endothelin receptor 1 antagonist

125 mg orally twice daily)

Double-blind, randomised, placebo-controlled

multicentre

II/III 6-min walk test at 1 yr

Anti-TNF-a (twice?week-1 for 80 weeks) Double-blind, randomised, parallel, placebo-

controlled

II Safety, efficacy. Secondary objectives quality of life

and pharmacokinetics

Imatinib mesylate (PDGF receptor antagonist,

600 mg orally once a day)

Double blind, randomised, placebo-controlled II Disease progression

FG-3019 (CTGF antagonist) Open-label, dose-escalating I Safety and tolerability

INF: interferon; TNF: tumour necrosis factor; PDGF: platelet-derived growth factor; CTGF: connective tissue growth factor.
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demonstrated that ET-1 and its receptors act as angiogenic
regulators representing new targets for anti-angiogenic ther-
apy [93].

Bosentan, a nonselective ET (A) and ET (B) receptor antagonist,
has been used extensively in patients with primary pulmonary
hypertension and World Health Organization class III and IV
[94], and could delay the progression of IPF.

Currently, bosentan is being studied in two double-blind
randomised, placebo-controlled, multicentre phase II/III stu-
dies, of 12 months, duration for its efficacy, safety and
tolerability in IPF (Bosentan Use in Interstitial Lung Disease
(BUILD)-1) and pulmonary fibrosis associated with systemic
sclerosis (BUILD2). The primary end point of both trials will be
the 6-min walk test at 1 yr. Secondary end points are the
pulmonary function tests and the patients’ quality of life.

Tumour necrosis factor-a blockade
Tumour necrosis factor (TNF)-a has been found to be
significantly elevated in bleomycin-induced pulmonary fibro-
sis. Neutralisation of TNF-a results in an attenuation of the
cellularity of the parenchyma of the lung, reduces alveolar
septal thickening and decreases the disruption of the alveolar
architecture, all accompanied by a reduction in fibrosis [95]. In
an open pilot study, NIDEN et al. [96] reported tolerability in
nine subjects with IPF. Although the subjects were severely ill
with DL,CO ,30% pred, there was a functional improvement in
some.

A phase II, double-blind, parallel, placebo-controlled, random-
ised study of the efficacy and safety of a compound that blocks
TNF-a by binding to cell surface receptors inhibiting the
initiation of intracellular signalling (Etanercept), in IPF patients
is underway. The primary end point of the trial is to evaluate
safety and efficacy, with the secondary objective being to
evaluate quality of life and pharmacokinetics. The duration is
,80 weeks and the molecule is given subcutaneously twice a
week.

Imatinib mesylate
Imatinib (STI-571), a c-Abl tyrosine kinase inhibitor that also
inhibits activation of the platelet-derived growth factor (PDGF)
receptor (PDGF receptor antagonist), significantly reduces
bone marrow fibrosis in humans [97]. A phase II, randomised,
double blind, placebo-controlled study of the clinical effects of
imatinib mesylate administered orally to patients with IPF is
currently recruiting patients. The primary end point is disease
progression, defined as .10% decline in the FVC or death. IPF
patients who have not responded to standard therapy will
receive imatinib mesylate (600 mg orally once per day) versus
placebo for o2 yrs.

FG-3019
An open-label, phase I, safety and tolerability dose-escalating
study of FG-3019, a therapeutic antibody designed to block the
profibrotic activity of CTGF, is currently underway in IPF
patients. CTGF has a cardinal role in IPF pathway by triggering
the production of collagen and fibronectin, which cause
scarring and thickening of the lungs. The duration of the
study is 1 month, during which patients receive a single
infusion of FG-3019.

Rapamycin
Rapamycin (RPM, also known as sirolimus) is a 31-membered
macrolide produced from the bacteria Streptomyces hygroscopi-
cus and was found to possess antifungal and immuno-
suppressive properties. Furthermore, RPM exerts potent
antiproliferative effects on lymphoid and nonlymphoid cells
by inhibiting cytokine and growth factor-mediated cell signal-
ing [98]. Problems associated with poor bioavailability were
overcome with the development of the new orally-active RPM
analogue, 40-O-(2-hydroxyethyl)-rapamycin SDZ RAD, which
is currently in clinical trials for the prevention of solid organ
graft rejection, another condition characterised by excessive
extracellular matrix production.

The RPM analogue, SDZ RAD, inhibits growth factor-
dependent proliferation of mesenchymal cells and might,
therefore, be of therapeutic interest for the treatment of fibrotic
lung disease. It has been recently reported, for the first time,
that this agent causes a dramatic (75%) reduction in lung
collagen accumulation in bleomycin-induced pulmonary
fibrosis in rats, without any adverse effect on basal collagen
levels [99]. Currently, this drug is under evaluation in an open
randomised multi-centre trial in Australia. IPF patients are
randomised to either sirolimus plus 10 mg?day-1 prednisolone
or standard therapy. The sirolimus dose will be titrated to
achieve trough levels of f5–8 ng?mL-1 and standard therapy
includes imuran 2 mg?kg-1 plus 10 mg prednisolone per day.
The study drug will be administered for 26 weeks, with the
end points being safety and efficacy. Efficacy will be defined as
the absence of disease progression.

Antileukotriene drugs
Leukotrienes (LTs; lipid mediators of inflammation derived
from the 5-lipoxygenase pathway of arachidonic acid metabo-
lism) are profibrotic by induction of fibroblast migration,
proliferation and matrix protein synthesis. Patients with IPF
have increased lung LTB4 and LTC4 levels, suggesting
constitutive activation of the 5-lypoxygenase (5-LO) pathway
in this disorder [100]. In 5-LO-null mice, there is increased
production of IFN-c and of the anti-inflammatory/antifibrotic
eicosanoid, prostaglandin E2, suggesting that the 5-LO path-
way may influence the fibrotic response either directly via
production of LTs or indirectly by modulating the biosynthesis
of other protective mediators [101].

Zileuton, a direct 5-lipoxygenase inhibitor, is currently being
evaluated in a prospective, randomised trial at the University
of Michigan, MI, USA.

DISCUSSION
The pharmacological treatment that is currently available for
IPF is clearly inadequate. As other forms of pulmonary fibrosis
have a better response to immunosuppressive and corticoster-
oid therapy, it remains vitally important to apply the
diagnostic criteria and to follow the proposed treatment
recommendations. There is much interest in developing more
effective, less toxic pharmacological therapy. A number of
high-quality randomised controlled trials are currently under
way and clinicians should encourage their patients to address
themselves in IPF centres of reference where they have the
chance to try new therapeutic agents. The current authors
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suspect that no single approach and no one molecular target
will be sufficient.

It is expected that a better approach in demystifying the
pathogenesis of IPF could provide a new therapeutic direction
for a lethal disease with few therapeutic options. The
pathogenetic complexity of the process dictates the need for
multimodality therapy. Referral for lung transplantation
should be considered in younger patients not responding to
conventional treatment.

Future therapeutic strategies should be focused on alveolar
epithelial cells at enhancing re-epithelialisation and on
fibroblastic/myofibroblastic foci, which play an essential role
in the development of idiopathic pulmonary fibrosis. The
possible pathogenetic role of circulating fibrocytes should be
investigated extensively. The therapeutic prospects for stem
cell therapy in regenerating abnormally developed or lost lung
tissue, although appear more distant than in some other
organs, offer great excitement and hope. The complex,
integrated function of multiple cell types underlying normal
and fibrotic lung structure and function poses unique
challenges for the lung research community.
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