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Idiopathic pulmonary fibrosis: a decade of progress®**

Fibrose pulmonar idiopatica: uma década de progressos

JEFFREY J. SWIGRIS', KEVIN K. BROWN?

ABSTRACT

Although idiopathic pulmonary fibrosis remains a devastating diagnosis, recent advances have improved our understanding
of many facets of this disease. These breakthroughs, combined with the increased general availability of therapeutic
trials, hold the promise of a brighter future for idiopathic pulmonary fibrosis patients. For example, we now have a more
comprehensive understanding of the diagnostic criteria and natural history of the disease. Several studies have shown
that simple measurement of pulmonary physiology or gas exchange can be used to predict patient survival. By identifying
several molecular pathways that play significant roles in the pathogenesis of idiopathic pulmonary fibrosis, investigators
have produced a growing list of novel potential therapeutic targets for the disease. Several prospective, controlled
therapeutic trials have been conducted. Others are ongoing or are still in the planning stages. These efforts have
advanced our current knowledge of idiopathic pulmonary fibrosis and have raised new important questions, as well as
having generated the interest and momentum needed to gain additional ground in the fight against this challenging
disease. This article offers the reader a view of the recent advances in idiopathic pulmonary fibrosis research, with a focus
on natural history, pathogenesis and treatment.
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RESUMO

Embora diagnosticos de fibrose pulmonar idiopatica continuem sendo devastadores, avancos recentes tém melhorado
nossa compreensio a respeito de muitas das facetas desta doenca. Estas descobertas, juntamente com o aumento da
disponibilidade geral de ensaios terapéuticos, encerram a promessa de um futuro mais promissor para pacientes com
fibrose pulmonar idiopatica. Por exemplo, nds temos agora uma compreensdo mais abrangente a respeito dos critérios
diagnosticos e da historia natural da doenga. Vérios estudos tém mostrado que a mensuracdo simples da fisiologia
pulmonar ou troca gasosa pode ser usada para prever a sobrevida do paciente. Através da identificacdo de varias vias
moleculares que tém papéis importantes na patogénese da fibrose pulmonar idiopatica, os pesquisadores tém produzido
uma lista crescente de possiveis novos alvos terapéuticos para a doenga. Varios ensaios terapéuticos prospectivos e
controlados tém sido realizados. Outros estdo em andamento ou ainda estdo em fase de planejamento. Estes esforcos
tém avancado nosso conhecimento atual sobre fibrose pulmonar idiopatica e levantado novas questdes importantes,
assim como tém gerado o interesse e o impulso necessarios para avancgar terreno na luta contra esta doenca desafiadora.
Este artigo oferece ao leitor um panorama dos avancos recentes nas pesquisas sobre fibrose pulmonar idiopatica, tendo
como foco a histéria natural, patogénese e tratamento.

Descritores: Fibrose pulmonar/diagnostico; Fibrose pulmonar/farmacoterapia; Fibroblastos; TGF-B: Pulmio/patologia;
Agentes anti-inflamatarios/uso terapéutico
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INTRODUCTION

Idiopathic pulmonary fibrosis (IPF) is the most
common of the idiopathic interstitial pneumonias
and, unfortunately, carries the worst prognosis.!” Its
estimated prevalence, around 30 cases per 100,000
people, increases precipitously with age and affects
more than 100 individuals per 100,000 people aged
75 years or more.® Hallmark symptoms include a
nagging, dry cough and progressive breathlessness.
A median survival of about three years from the
time of diagnosis can be expected. ©

In the past few years, several important clinical
and pathobiologic discoveries have been made
about 1PF. These findings have advanced our
understanding of the diagnosis, natural history, and
molecular underpinnings and produced an
inventory of potential therapeutic targets needing
further study. Also, recent research has helped
generate increased public awareness of 1PF, creating
an environment where clinical trials are now more
commonplace. These efforts have provided the
impetus for the development of a United States
National Institutes of Health (N1H)-funded 1PF
clinical research network (IPFnet). This consortium
of institutions focused on 1PF research is charged
with conducting large trials of individual and
combination therapies, in the hope of identifying
an effective treatment for this devastating disease.

The objective of this review is to highlight some of
the recently completed and ongoing research in IPF.

DIAGNOSIS AND NATURAL HISTORY

Diagnosis

In 1999, members from the American Thoracic
Society (ATS) and European Respiratory Society
(ERS) collaborated to review over 3500 articles
published in the scientific literature for information
pertaining to 1PF’s physiology, radiology, and
pathology; its pathogenesis, epidemiology, clinical
presentation, and staging; its inheritance or familial
occurrence; its treatment; and its prognosis.”
These experts produced an international consensus
statement that comprehensively discusses IPF and
includes criteria that can be used to make a
diagnosis of 1PF with and without performing a
lung biopsy (Chart 1).

While, in the correct clinical setting, a confident
diagnosis of 1PF can be made without a surgical
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lung biopsy, it remains necessary in patients less
than 50 years old or in those without a characteristic
disease pattern (Figure 1) on chest high resolution
computed tomography (HRCT).®) When a biopsy
is performed, the usual interstitial pneumonia (UIP)
histopathologic pattern (Figure 2) in at least one
specimen is necessary to make a definitive
diagnosis of IPF. Care must be exercised to rule
out alternative clinical explanations for this UIP-
pattern as it is not unique to 1PF (Chart 2).

Prognosis

Baseline clinical variables. Several baseline (at the
time of diagnosis) clinical variables are known to
predict survival in patients with IPF. These include
age, symptom severity, disease duration, radiographic
features, and pulmonary physiology. New data have
shown that gas exchange as measured by
desaturation and its severity® during a timed-walk
test provide important prognostic information.

In a study of 83 patients, including 22 with
IPF, Lama et al., revealed the prognostic value of
desaturation during a 6MWT.® Among subjects
with IPF whose peripheral oxygen saturation (Sp0,)
fell to 88% or less (“desaturators”) during the 6MWT
on room air, the four-year survival rate was 34.5%.
This contrasts with a four-year survival rate was
69.1% in those who did not desaturate (Figure 3).
IPF desaturators experienced a greater than four-fold
hazard of death compared with “non-desaturators.”
When desaturation status was included in a
multivariable model, age, gender, history of
smoking, diffusing capacity for carbon monoxide
(DICO), forced vital capacity (FVC), and resting
saturation were not independent predictors of
survival. The severity of desaturation also appears
to predict survival.”

These findings are somewhat tempered by the
findings of Eaton and colleagues who recently
showed that lowest SpO, during a 6-minute walk
test was not particularly reliable (r=0.61) at one
week.® In contrast, they found that distance walked
during six-minute walk test had excellent
reproducibility at one week (r=0.98). The distance
walked correlated significantly with maximal oxygen
uptake measured during symptom-limited treadmill
exercise test as well as DICO but not with Sp0.,.

Dynamic clinical variables. Changes in clinical
variables over time have shown to be useful
predictors of outcome (Chart 3). 1t has been known
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Chart 1 - American Thoracic Society/European Respiratory Society International Consensus Statement.
Clinical criteria for making a diagnosis of 1PF in the absence of a surgical lung biopsy

Major Criteria

Exclusion of other known causes of 1LD (e.g., certain drug toxicities, environmental exposures, and
connective tissue diseases)

Evidence of restriction (e.g., reduced VC often with an increased FEV /FVC ratio) on pulmonary function
studies and impaired gas exchange at rest or with exercise (increased AaPO, or decreased DLCO)
Bibasilar reticular abnormalities with minimal ground glass opacities on HRCT scans

Transbronchial lung biopsy or bronchoalveolar lavage showing no features to support an alternative diagnosis

Minor Criteria
Age > 50 years

Duration of illness > 3 months

Insidious onset of otherwise unexplained dyspnea on exertion

Bibasilar, inspiratory crackles (dry or “velcro” type in quality)

for a number of years that a response to therapy
over an initial three- to six-month observation
period (as measured by symptoms, radiology, and
physiology) is associated with prognosis.”) Now,
further investigation has shown that changes in
dyspnea or easily measured pulmonary physiology
perform well-significantly better than baseline
values-in predicting survival.

In a retrospective cohort study of IPF patients
evaluated at the National Jewish Medical and
Research Center in Denver, Colorado, investigators

Figure 1 - High-resolution chest CT scan image of the
right lung showing classic features of 1PF: basilar, posterior,
and subpleural-predominant reticular opacities (i.e., intra-
and interlobular interstitial thickening and fibrosis) with
honeycombing, extensive traction bronchiectasis, and
minimal ground glass opacities

found that six- and twelve-month changes from
baseline in dyspnea score, total lung capacity (TLC),
FVC, partial pressure of arterial oxygen, arterial
oxygen saturation, and alveolar-arterial oxygen
gradient [(A-a )0 )] independently predicted
survival when controlling for baseline values.(” The
most powerful predictors of survival in this study
were six-month changes from baseline in dyspnea
score, percent predicted FVC (ppFVC), and (A-a) O,.
For example, in 30 IPF patients whose six-month
ppFVC declined by a percent predicted value of
10 or more, only 22% were alive at five years,
compared with 68% of patients whose ppFVC
increased by ten or more.

In a similar, well-defined cohort of 63 1PF
patients and 41 patients with idiopathic nonspecific
interstitial pneumonia (NSIP) from the Royal

Lot B T

Figure 2 - Low-power magnification view of a pathologic
specimen from a surgical lung biopsy showing a
geographically and temporally heterogeneous pattern of lung
injury with areas of dense subpleural fibrosis and
honeycombing adjacent to areas of normal lung: features
classic for a usual interstitial pneumonia-pattern of lung injury
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Chart 2 - Causes of a usual interstitial pneumonia
pattern in lung biopsy specimens®”

Idiopathic pulmonary fibrosis
Familial pulmonary fibrosis
Connective tissue disease

Chronic hypersensitivity pneumonitis
Radiation pneumonitis

Asbestosis

Brompton Hospital in London, 12-month changes
in percent predicted diffusing capacity for carbon
monoxide (ppDLCO) and ppFVC were stronger
predictors of mortality than other variables, including
age, gender, and histopathological pattern.('V
Flaherty and co-workers analyzed data from 80
patients with 1PF and 29 patients with idiopathic
NSIP and found that a change in the absolute value
(rather than percent predicted) of FVC, from the
time of lung biopsy to six months post-biopsy,
was a strong predictor of survival.'”” Regardless of
pathology, patients whose FVC decreased from
baseline by 10% or more at six-months had a
hazard ratio for death two and one-half times that
for patients whose FVC either remained stable or
increased at six months.

Pulmonary hypertension. Another topic that is
gaining attention is secondary pulmonary arterial
hypertension (PAH). Investigators are eager to
determine how PAH effects prognosis in patients
with TPE." 1f an association with a worse prognosis
is confirmed, it will be interesting to observe whether
the medications which have improved survival in
patients with primary pulmonary hypertension (e.g.

Survival Probability

Years

Figure 3 - Kaplan-Meier survival curves for patients with
1PF who desaturated (SpO2 88% or less) or did not desaturate
during 6MWT (p=0.002). Dashed line = desaturators; solid
line = nondesaturators; tics = censored observations. Figure
from reference #11; used with permission: Copyright® 2003
American Thoracic Society. All rights reserved
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inhaled prostanoids, sildenafil), will have the same
beneficial effects on patients with PAH associated
with 1PF. In one randomized, controlled, open-
label study, investigators compared the pulmonary
vasodilatory effects of a single 50mg dose of
sildenafil with escalating doses of intravenous
epoprostenol in 16 patients with 1PF and lung
fibrosis-induced PAH." Compared to epoprostenol,
sildenafil produced a more favorable hemodynamic
profile; although both drugs decreased pulmonary
vascular resistance, sildenafil decreased the ratio
of pulmonary to systemic vascular resistance, while
that ratio remained unchanged in patients receiving
epoprostenol. In addition, sildenafil maintained
ventilation perfusion matching, whereas epoprostenol
induced ventilation perfusion mismatching. Other
trials of potentially efficacious agents aimed at 1PF-
induced PAH are ongoing (and some are discussed
in sections to follow), but until data become
available, the important questions about PAH in
1PF remain unanswered.

Acute exacerbations. In the past, the natural
history of 1PF in the vast majority of patient was
assumed to be one of gradual and inexorable
progression of disease. However, for years clinicians
have recognized that the clinical course can vary
widely from patient to patient. In contrast to a
slow and progressive decline, it is now appreciated
that in at least some patients, worsening occurs in
a stair step pattern, in which lung function remains
stable (“plateaus”) between episodes of more abrupt
decline. These abrupt declines in function or “acute
exacerbations of 1PF” can be of varying severity,
occur randomly, and are independent of physiologic
stage.™ These episodes are defined by the acute
or subacute onset (i.e., within four weeks) of three
factors: 1) progressive dyspnea, 2) new, diffuse
radiographic opacities, and 3) worsening gas
exchange in the absence of infection or other
known causes."®'” Surgical lung biopsy in cases
of acute exacerbations show a pattern of acute
lung injury (diffuse alveolar damage)-with or
without hyaline membranes-on a background of a
UIP pattern."”” The UIP-pattern may or may not
be entirely obscured by the acute injury.

Martinez et al.," recently examined the placebo
group (n=168) from a multi-center, randomized,
controlled trial of interferon-gamma (IFN-y) 1b for
IPF. On retrospective analysis, of the 36 deaths in
this placebo group, 89% were considered to be
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Chart 3 - Dynamic clinical variables useful for prognostication in patients with 1PF

Dyspnea

Pulmonary physiology

6- or 12-month decline in TLC?

Gas exchange
12-month decline in Pa0,")

6- or 12-month decline in Sp0,"”

6- or 12-month change on dyspnea scale (> two point increase on 0-20 dyspnea severity rating scale)"'?

6- or 12-month decline in FVC (> 10% decline in percent predicted value)!'*-'?
6- or 12-month decline in DICO (> 15% decline in percent predicted value)!'-'?

6- or 12-month decline in A-a gradient (> 5 mmHg increase)!'?

1PF-related, and nearly half of these 1PF-related
deaths were due to acute exacerbations of
disease.™

PATHOGENESIS

Mounting evidence suggests that, in 1PF, an
inflammatory response neither precedes nor plays
an instrumental role in the progression of lung
fibrosis.('®' The current paradigm hypothesizes
that 1PF is an “epithelial-fibroblastic” disease.'® In
this model, complex interactions between, alveolar
epithelial cell injury and mesenchymal cells result
in dysregulated repair mechanisms, with excess pro-
fibrotic cytokines, the overproduction of extracellular
matrix, and disordered angiogenesis.

Alveolar epithelial cells. Although the fibroblast
is recognized as a key cell in the pathogenesis of
1PF, there has been renewed interest in the role of
the alveolar epithelial cell. In 1PF, epithelial cells
are injured and in response, release several
cytokines. These cytokines result in multiple
effects, including activation and proliferation of
fibroblasts."” Beyond their effects on neighboring
cells, the phenomenon of epithelial-mesenchymal
transformation (EMT) also appears to occur.?? In
EMT, alveolar epithelial cells transdifferentiate into
fibroblasts and myofibroblast-like phenotypes. A
clearer understanding of the role of EMT in the
pathogenesis of IPF will be important for identifying
more specific therapeutic targets.

Fibrocytes. Multiple stimuli are capable of
driving the differentiation of fibroblasts into
myofibroblasts-alpha-smooth muscle actin
producing cells and that appear to be the drivers
of exuberant collagen production and deposition
seen in 1PE. 1t was previously thought that the

fibroblasts and myofibroblasts in 1PF were resident
to the lung; however, exciting new data suggest
that circulating, bone marrow-derived cells-
originally discovered and named “fibrocytes” by
Bucala et al., in 1994®" traffic to the lungs in
response to injury and also participate in the
evolution of fibrosis in TPE.?>?)) These data are
consistent with the lung repair role of circulating
stem cells proposed by Suratt et al.?¥ The precise
role of circulating fibrocytes in relation to resident
lung fibroblasts in the pathogenesis of IPF has yet
to be fully elucidated.

Fibroblast reticulum. 1n the UIP-pattern of lung
injury, subepithelial aggregations of fibroblasts and
myofibroblasts, called fibroblast foci, are believed
to represent the leading edge of fibroproliferation.®
Proposed by Myers and Katzenstein® to be important
in the development and progression of disease, the
numbers of these foci seen on surgical lung biopsy
have proven to be associated with both physiologic
progression of disease®” and prognosis.?s? On
two dimensional histologic section, these foci appear
isolated and randomly distributed throughout the
interstitium. However, recent evidence presented at
the 2004 International Meeting of the American
Thoracic Society, suggests that, when the UIP lung
is reconstructed in three dimensions, individual foci
are actually a complex, interconnected reticulum.
More investigation is necessary to clarify how or
whether there is molecular cross-talk between the
elements composing this fibrotic framework.

TAKING AIM: NEW THERAPEUTIC TARGETS
Rationale for a targeted approach to therapy for

IPF
Mounting evidence suggests that the cellular

J Bras Pneumol. 2006:32(3):249-60
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inflammatory response plays only a minimal role
in the pathogenesis of IPF: inflammation is not
required to produce fibrosis in the lungs in vitro;®°3"
inflammation is sparse in lung pathologic
specimens with UIP-patterns of lung injury; and
decades of treating 1PF patients with anti-
inflammatory medications has not resulted in
improved survival for patients.®? Given our current
understanding, a more targeted approach is
warranted.

Ideally, a biologic target in 1PF should fulfill three
criteria: 1) there should be strong biologic evidence
supporting the target as important in pathogenesis;
2) it should be differentially expressed in the
presence and absence of disease; and 3) altering
the level (or activity) of the target should lead to
modification of disease development or its course.®?
As we currently understand 1PF, the beneficial
manipulation of an appropriate target should result
in limiting or even reversing the amount of lung
fibrosis. Several potential mechanisms are considered
appropriate sites for investigation and intervention,
including: 1) decreasing lung fibroblast migration,
proliferation, and differentiation; 2) decreasing the
synthesis and deposition of extracellular matrix
(ECM); 3) increasing the degradation of aberrantly
deposited ECM; 4) enhancing fibroblast/myofibroblast
apoptosis; 5) inhibiting inappropriate alveolar
epithelial cell apoptosis; 6) enhancing alveolar
basement membrane re-epithelialization; 7) disrupting
EMT; and 8) modulating angiogenic activity. Within
these pathways, particular molecular targets are
attractive candidates for modulation and include:
transforming growth factor-beta (TGF-pB),
glutathione, tumor necrosis factor-alpha (TNF-a),
endothelin, and several others (Chart 4).5

Recent therapeutic trials

There is a strong, and growing commitment in
the United States to conduct clinical trials via
rigorously developed collaborations. The National
Heart Lung and Blood Institute of the National
Institutes of Health recently committed over $30
million to support an 1PF clinical research network
(IPFnet). The network will consist of several "clinical
centers” and one "data and coordinating center.”
It is hoped that this network will offer the
opportunity for hundreds of newly diagnosed 1PF
patients per year to enroll in controlled trials.
While 1PFnet will assist in the further investigation
of therapeutic alternatives in 1PF, there have been
a large number of recently completed, or soon-
to-be-completed trials that inform our current
understanding of treatment options.

Interferon-beta 1a. In the United States,
interferon-beta 1a (IFN-B) is approved for the
treatment of multiple sclerosis. To examine its
potential beneficial therapeutic effects in IPF,
investigators conducted a multi-centered,
randomized, double blind, placebo-controlled, dose-
ranging study of 167 1PF patients from 34 sites in
the United States and Canada.®® While negative-
IFN- failed to show a significant benefit in
pulmonary function, arterial oxygenation, disease
progression, or dyspnea-this trial was the first to
demonstrate that llarge, well-designed, multi-
centered placebo-controlled trials in 1PF are feasible.

Interferon-gamma 1b. Interferon-gamma 1b
(IFN-y) is a cytokine produced by T lymphocytes
and natural killer cells.®® Tt has several anti-fibrotic
properties, such as an inhibitory effect on fibroblast
proliferation and activation,®”*® including that which
is induced by TGF-B.C? Early clinical evidence

Chart 4 - Several of the proposed therapeutic targets and presumed key elements in 1PF.

Angiogenic chemokines
Eicosanoids
Endothelin-1

Oxidation products

Renin-angiotensin-aldosterone system

Tissue inhibitors of matrix metalloproteinases (TIMPs)
Transforming growth factor-beta

Tumor necrosis factor-alpha

Tyrosine kinases

Specific growth factors (connective tissue growth factor, platelet-derived growth factor, fibroblast growth
factor-2, hepatocyte growth factor, insulin-like growth factor-1)
Interleukins (IL) and interleukin receptors (I1L-4, 1L-5, 1L-13)

—
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suggesting that IFN-y might be a useful therapy for
patients with 1PF appeared in a small, randomized,
prospective trial in which 18 IPF patients received
prednisone 7.5mg daily and either 200mcg of IFN-y
subcutaneously three times weekly or matching
placebo."? The results revealed significant and
clinically meaningful improvements in pulmonary
physiology and gas exchange in the treatment group.
These promising results led to a large-scale, multi-
centered, randomized, double-blinded, placebo-
controlled trial, in which 330 patients were
randomized to either IFN-y or placebo.“" TFN-y had
no effect on the primary combined endpoint of either
a decrease in FVC greater than 10%, an increase in
resting ambient air (A-a) O, gradient, or death. In post-
hoc analyses, when survival was examined as a lone
endpoint, there appeared to be a trend (i.e., log rank
p=0.08) toward increased survival in the actively
treated group (Figure 4). Additionally, of the 254
patients with a FVC greater than 55% of predicted
normal, 21 of 128 patients (16.4%) in the placebo
group died, while only 6 of 126 subjects (4.8%) in
the 1FN-y group died (p=0.004). The encouraging
results of these post hoc analyses have led to a larger
(800 patient), phase 111 trial of TFN-y with mortality
as the primary endpoint.

Pirfenidone. Pirfenidone is an investigational,

255

small pyridine molecule with anti-inflammatory and
anti-fibrotic effects. Although pirfenidone’s exact
mechanism of action is unknown, its anti-fibrotic
effects include inhibiting TGF-p-stimulated collagen
synthesis, decreasing extracellular matrix production,
and blocking the mitogenic effects of pro-fibrotic
cytokines on fibroblasts.*? In an initial phase 11,
single-center, open-label study of 54 patients who
had refused, not tolerated, or failed to respond to
conventional immunosuppressive therapy,
pirfenidone appeared to have favorable effects on
lung function.*?) Twenty-nine of 41 patients for
whom data were available had stable (n=19) or
improved ppFVC (10% or greater increase) at six
months. Adverse effects of pirfenidone were relatively
minor; the most common being nausea and
photosensitivity dermatitis. These promising results
provided impetus for examining pirfenidone in larger
trials.

The results of a subsequent placebo-controlled,
randomized, 25-site trial of pirfenidone in Japan,
provide further encouragement.*” One hundred
seven patients with well-defined 1PF were
randomized to pirfenidone or placebo. Patients could
also take prednisone in doses of 10mg/day or less,
but they could not take other anti-inflammatory
or anti-fibrotic drugs. The trial was stopped by
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Figure 4 - Kaplan-Meier curves for overall survival (i.e., when survival was evaluated as the lone endpoint) in patients with
1PF. Figure from reference #26; used with permission: Copyright © 2004 Massachusetts Medical Society. All rights reserved
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the investigators at the recommendation of the
data safety monitoring board when it was
discovered that five patients in the placebo group,
but no patients in the pirfenidone group, had acute
exacerbations of IPE. At nine months, there was a
trend toward statistical significance in the primary
endpoint-change in the lowest SpO, during a
6MWT-favoring pirfenidone. The SpO, in the group
receiving pirfenidone increased by 0.47 +/- 3.9%,
while the SpO, in the group receiving placebo
decreased by 0.94 +/- 3.4% (p=0.07). From
baseline to nine months, mean values for vital
capacity (VC), TLC, and DLCO declined in both groups;
VC declined significantly less in the pirfenidone group
(30cc decline versus 130cc in the placebo group,
p=0.036). There were no differences between groups
in dyspnea scores or quality of life. In a pre-specified
subset of all patients who were able to complete
the 6MWT without desaturation below 80% (n=80,
55 in pirfenidone group and 25 in the placebo
group), the difference between groups in lowest
SpO, during 6MWT reached statistical significance
at nine months (p=0.03). These results suggest that
pirfenidone warrants further systematic investigation
in a carefully developed longitudinal trial.

N-acetylcysteine (NAC). Evidence suggests there
is an imbalance between oxidation products and
antioxidants in the lungs of patients with TPE.“
Glutathione is an antioxidant, which, in reduced
form, mitigates oxidant-induced cellular injury, and
glutathione levels are decreased in the epithelial
lining fluid of patients with TPE.49 Behr et al., showed
that NAC, a metabolic precursor of glutathione,
could increase glutathione levels in bronchoalveolar
lavage and epithelial lining fluid from the lungs of
patients with pulmonary fibrosis.*” In one study,
ten patients with 1PF and ten with connective
tissue disease-associated pulmonary fibrosis (CTD-
fibrosis), had oral NAC (600mg three times daily)
added to their conventional immunosuppressive
drug regimens.”® After 12 weeks of NAC, ppDLCO
improved significantly (from 56.5 +/- 4.4% at
baseline to 61.4 +/- 4.6%, p<0.05), but other measures
of pulmonary physiology and gas exchange remained
unchanged.

In follow-up to this early trial, a prospective,
randomized, placebo-controlled, multi-centered trial
compared the effect on FVC and DICO of 12 months
of a regimen containing prednisone, azathioprine, and
NAC versus a regimen of prednisone, azathioprine.“”

J Bras Pneumol. 2006;32(3):249-60

Despite greater than expected amounts of missing
data, and although both groups’ lung function
declined over the 12-months study period, the
investigators observed significantly higher FVC (by
0.18 liters) and DICO (by 0.75mmol/min/kPa) in the
group randomized to the NAC-containing regimen.
There were also significantly fewer adverse events
related to bone marrow toxicity in the group
receiving the NAC-containing regimen.

Because the study lacked a true (i.e., inactive)
placebo group, caution must be exercised in
drawing too many inferences from these results.
Addressed eloquently in an accompanying editorial,
one could posit that the combination of prednisone
and azathioprine has detrimental effects on lung
function in patients with 1PF, and NAC, by some
mechanism, limits those effects.“? 1n any case,
because NAC is inexpensive, appears to be well-
tolerated, and does not interact substantially with
other medications, while recognizing the constraints
of the recent study, it seems reasonable to offer
NAC to patients with 1PF for whatever beneficial
effects it may have.

Antibody to connective tissue growth factor.
Connective tissue growth factor (CTGF) potently
enhances fibroblast proliferation and chemotaxis
and fibroblast-induced extra-cellular matrix
deposition.* In mesenchymal cells, TGF-p is
primarily responsible for CTGF induction, and the
prevailing theory is that CTGF accounts for many
of the pro-fibrotic activities attributed to TGF-{3.“)
Expression of CTGF is increased in patients with IPE,5?
and downregulation of CTGF may offer protection from
fibrosis as well as clinical improvement.“? Results from
a phase 1 study presented at the 2004 meeting of the
American College of Chest Physicians showed that a
single infusion of either 1mg or 3mg of anti-CTGF
per kg body weight was safe, well tolerated, and
led to plasma levels of anti-CTGF that remained
above predicted minimum effective concentrations
(based on animal models) for at least five days."
Further studies of anti-CTGF therapy are awaited.

Antibodies to TGF-. TGF-3 comprises an entire
family of peptides with similar biologic function;
however, only TGF-[31 is consistently found to be
up-regulated at sites of lung fibrosis.“® Within the
epithelial-fibroblastic paradigm of IPF pathogenesis,
TGF-[3 appears to play a central and pivotal role. 1t
is a powerful fibroblast chemo-attractant, and it is
usually regarded as the most potent stimulator of
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fibroblast collagen production.*? 1t is present in
the healthy lung, but increases in message and
protein are found in several pathologic states,
including 1PF.6? A phase 1, multi-centered, open-
labeled, single-dose study of a humanized,
monoclonal anti-TGF-f31, 2, and 3 antibody for
the treatment of 1PF is currently underway.

Bosentan. Endothelins are peptides with
vasoactive, mitogenic, bronchogenic, and
immunomodulatory activity. There are three isoforms
of endothelin (ET)-1, -2, and -3. ET-1 is the best
characterized and most abundant, and it exerts its
effects through two receptors, called ETA and ETB.
ET-1 has been shown to induce TGF-3;"” stimulate
fibroblast proliferation, migration, and differentiation
into myofibroblasts;®¥ stimulate collagen synthesis;
and inhibit collagen degradation.®® 1In human
systems, bronchoalveolar lavage (BAL) and plasma
levels of ET-1 are increased in 1PF.®%°7 Based on
these data, a double-blind, randomized, placebo-
controlled, multi-centered trial was undertaken to
assess the safety and efficacy of the non-selective
ET-1 receptor antagonist (bosentan) in patients with
IPF. This study, called Bosentan use in interstitial
lung disease, or BUILD-1, is examining six-minute
walk distance as a primary outcome. Results should
be available in early 2006.

Etanercept. Tumor necrosis factor (TNF)-a is a
cytokine, which has been shown to stimulate
fibroblast proliferation and collagen gene up-
regulation via a TGF-[3 or platelet-derived growth
factor (PDGF) pathway. Interestingly, TNF-a has also
been shown to suppress collagen gene expression,
thus making it an attractive target in IPF to evaluate
further. Niden et al., recently conducted a single-
centered, open-labeled, pilot study of the TNF-a
blocker, etanercept, in nine IPF patients who had
an average ppFVC of 48 and an average ppDICO
of 33.68 After a mean follow-up of 19 months on
twice-weekly etanercept along with prednisone
10mg daily, ppFVC had improved (by >15%) in
two, declined (by >159%) in one patient, and
remained stable in six patients, while ppDICO had
improved in two, declined in four, and remained
stable in two patients. A phase 11, 48-week, double-
blinded, placebo-controlled trial of the efficacy and
safety of etanercept for the treatment of 1PF has
been completed, and the initial results were
presented at the 2005 meeting of the American
College of Chest Physicians. At 48 weeks, lung
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function had declined from baseline in both groups.
Although the primary endpoint was not met, post
hoc analyses revealed trends toward significantly
lesser declines in absolute- and ppFVC (placebo
group decline 5.4% vs. etanercept 2.5%, P=0.10)
and absolute and ppDICO (placebo group decline
4.8% vs. etanercept 2.4%, p=0.16) in the group
receiving etanercept. These results will likely fuel
further investigation of this drug.

Imatinib. Imatinib mesylate is an oral tyrosine
kinase inhibitor. 1t is a designer molecule developed
to treat chronic myelogenous leukemia (CML). 1n
CML, imatinib inhibits the aberrant ber-abl tyrosine
kinase, but is also known to inhibit the receptor
tyrosine kinases for platelet-derived growth factor
(PDGF).® As PDGF has been shown to have
significant pro-fibrotic effects, inhibiting its
signaling pathway may be anti-fibrotic. A phase
11, randomized, double-blinded, placebo-controlled
trial of the efficacy and safety of imatinib mesylate
for the treatment of IPF is currently enrolling
patients. The sample size goal is 100 patients, and
the primary combined endpoint is progression of
1PF (>10% decline in ppFVC) or death.

Inhaled prostacyclin analog (iloprost).
Prostacyclin (prostaglandin 12 or PGI12) is a potent
vasorelaxant. Inintravenous form (epoprostenol),
it has been used extensively and successfully to
treat severe PAH. Recently, an inhaled prostacyclin
analog (iloprost) was approved by the United States
Food and Drug Administration to treat PAH in
patients with profoundly symptomatic (New York
Heart Association Classes 111-1V) disease. In patients
with PAH due to lung fibrosis, inhaled prostacyclin
is attractive because it limits the systemic
vasodilatory/hypotensive effects often seen with
intravenous preparations, and, because of its
extreme pulmonary selectivity, it may maintain
ventilation/perfusion matching to a greater degree
than oral or intravenous pulmonary anti-
hypertensive preparations. A phase 11, multi-center,
double-blinded, placebo-controlled, safety and
efficacy trial of iloprost for the treatment of 1PF-
related PAH is currently underway.

CONCLUSIONS
IPF remains a debilitating and deadly disease.

Currently, no medical therapies have been proved to
prolong survival, stabilize disease, or improve quality
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of life. However, recent discoveries have dramatically
improved our understanding of many facets of this

disease.

As knowledge accumulates, the list of

potential therapeutic targets and agents directed
against them grows. Several carefully designed, multi-
centered trials evaluating these agents have shown
encouraging results, and there are many more trials
on the horizon. Hopefully, the momentum created
by these recent research efforts will continue to build
and generate answers to an increasing number of
important questions related to IPF.
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