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Abstract

Population-based, longitudinal studies spanning decades linking risk
factors in childhood, adolescence and early adulthood to incident
clinical interstitial lung disease (ILD) events in late adulthood have
not been performed. In addition, no observational or randomized
clinical trials have been conducted; therefore, there is presently no

defined as the elimination of external risk factors (i.e., environmental
pollutants). As no ILD primary prevention studies have been
previously conducted, we propose that research studies that promote
implementation of primary prevention strategies could, over time,
make a subset of ILD preventable. Herein, we provide a number of
initial steps required for the future implementation of prevention
strategies; this statement discusses the rationale and available

evidence to support the notion that reduction of risk factor levels
in early life prevents ILD events in adult life. Primary prevention
strategies are host-directed interventions designed to modify

adverse risk factors (i.e., smoking) with the goal of preventing the

development of ILD, whereas primordial prevention for ILD can be

evidence that support potential opportunities for primordial and
primary prevention, as well as fertile areas for future research of
preventive intervention in ILD.

Keywords: pulmonary fibrosis; prevention

(Received in original form December 6, 2013; accepted in final form February 12, 2014)

Correspondence and requests for reprints should be addressed to Fernando J. Martinez, M.D., M.S., 1500 East Medical Center Drive, 3916 Taubman Center,
Ann Arbor, Ml 48109-0360. E-mail: fmartine@umich.edu

Ann Am Thorac Soc Vol 11, Supplement 3, pp S169-S177, Apr 2014

Copyright © 2014 by the American Thoracic Society

DOI: 10.1513/AnnalsATS.201312-429L.D
Internet address: www.atsjournals.org

The State of the Science
in Primary Prevention of
Interstitial Lung Disease

Primary prevention requires the
identification of risk factors for the disease
of interest followed by public health
interventions targeting these risk factors. To
date, the vast majority of interstitial lung
disease (ILD) studies has employed cross-
sectional or case—control designs, and have
restricted the clinical phenotype or case
status to symptomatic disease. These
studies have led to the identification of

a number of risk factors, including age,
cigarette smoking, autoimmunity, inhaled
occupational and environmental exposures,
drug toxicity, radiation exposure, family
history, and genetic polymorphisms.

NHLBI Workshop

Despite extensive literature examining ILD
risk factors, many ILD cases occur in the
absence of one or more clearly delineated
risk factors.

Much of the work done to date in this
field is reminiscent of work done in the first
half of the 20th century to examine risk
factors for cardiovascular disease, which, at
that time, was considered to be symptomatic
angina, acute myocardial infarction, or
sudden cardiac death. The Framingham
Heart Study (FHS) firmly established
hypertension, diabetes mellitus, and
hyperlipidemia as risk factors for
cardiovascular disease by studying adults
without symptomatic disease in a cohort
study design, an approach that seemed
unusual at the time. ILD investigators
can learn two important lessons from the

FHS and subsequent population-based
cardiovascular cohort studies, such as the
Multi-Ethnic Study of Atherosclerosis.
First, the study of nondiseased individuals
is essential to identify risk factors for
disease. Second, the study of subclinical
disease cannot only help identify risk
factors, but also permits the study of early
biological processes that contribute to
disease development long before “end-
stage” disease (myocardial infarction

or symptomatic pulmonary fibrosis)
develops. On the other hand, the rarity
of these disorders makes an FHS-

like study difficult to conceptualize
practically. As such, more targeted
approaches in groups at higher risk seem
more reasonable, and will be described in
subsequent sections.
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A broader definition of ILD is required
to enable the development of primary
prevention strategies. Most broadly defined,
subclinical ILD encompasses groups of
individuals that have specific radiologic,
physiologic, molecular, and, in some cases,
histopathologic abnormalities, but are either
asymptomatic or have symptoms that have
not been attributed to ILD (1). More
generally, we refer to subclinical ILD in
undiagnosed individuals who have
interstitial lung abnormalities (ILAs)
defined by high-resolution computed
tomography (HRCT), that are consistent
with, but subtler than, those observed in
patients with established clinical ILD (2).
It is important to recognize that ILD occurs
in children as well as adults, and that ILD
has been associated with considerable
morbidity and mortality in the pediatric
age group (3, 4). As there is no uniform
definition of ILD that encompasses the
spectrum of symptomatic and subclinical
disease, we propose the following working
definition of ILD: Interstitial lung disease is
the presence of cellular proliferation, cellular
infiltration, and/or fibrosis of the lung
parenchyma not due to infection or
neoplasia. This definition does not require
the presence of symptoms, adventitious
breath sounds, or abnormal pulmonary
function testing. It is important to note that
this definition includes “subclinical”
pathological processes of uncertain clinical
significance, such as ILAs. The inclusion
of asymptomatic pathological changes in
the definition of a “disease” is consistent
with the principles of primary prevention,
but presents certain challenges in the
practice of clinical medicine. Health
care practitioners should be careful to
distinguish asymptomatic “disease” from
symptomatic “illness” when clinically
silent ILD is detected. The clinical and
prognostic significance of subclinical ILD
is unknown at this time.

A number of investigators have begun
examining cohorts at risk of developing
ILD (1). These proof-of-concept studies,
in mostly undiagnosed, asymptomatic
individuals, have focused on defining
changes that precede the development
of clinically significant ILD, and have
improved our understanding of the natural
history of pulmonary fibrosis (Figure 1).
HRCT scanning is the radiographic
standard in the evaluation of ILD. The
widespread use of HRCT in clinical
and research settings has increased the
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Figure 1. The natural history of patients affected by idiopathic interstitial pneumonia has been well
characterized. Clinical progression is heterogeneous, with a rate of decline in lung function that can
be slowly or rapidly progressive, with a subset of patients that will develop periods of rapid decline or
acute disease exacerbation. What remain poorly defined are the inciting events, disease onset,
and progression from asymptomatic to symptomatic interstitial lung disease (ILD). The widespread
use of high-resolution computed tomography in clinical and research settings has increased the
detection of subclinical ILD in family members of affected individuals with familial pulmonary fibrosis,
smokers and subjects with connective tissue disease. A better understanding of the phenotypic and
molecular characteristics of subclinical ILD will increase our ability to identify at-risk populations

and implement preventive strategies.

detection of ILAs in asymptomatic
individuals. In these studies, HRCT
abnormalities are defined as nondependent
visual changes affecting greater than 5%
of the lung parenchyma. The most
common radiographic changes include
ground-glass, reticular abnormalities,
diffuse centrilobular nodularity,
honeycombing, traction bronchiectasis, and
nonemphysematous cysts (2). Alternative
approaches quantify area of increased CT
lung attenuation (high-attenuation areas
[HAAs]) or use novel techniques to
quantify structural abnormalities (5, 6). The
significance of these radiographic subtypes
is unknown, but they may represent early
stages of distinct idiopathic interstitial
pneumonias (IIPs) or ILD associated with
connective tissue disease (CTD), with
differing rates of progression and/or
prognosis. Interestingly, these radiographic
findings have been associated with
spirometric restriction (7, 8) and reductions
in 6-minute walk distance (9), suggesting
physiological correlates of abnormal lung
parenchyma. These recent findings suggest

that visual or automated scoring of
radiographic abnormalities could be used to
screen at-risk populations and facilitate
serial measurements of disease progression.
However, before we implement these
methods, the natural history of ILAs or
HAAs and several technical limitations
need to be addressed.

Risk Factors Related to the
Development of ILD

A significant number of patients develop
diffuse bilateral interstitial pneumonia
without a clear precipitating cause.
Idiopathic pulmonary fibrosis (IPF) is the
most common IIP. It carries a poor
prognosis, and has so far proven refractory
to drug treatment. Aging is clearly an
important risk factor (10), as are male sex,
gastroesophageal reflux disease (11), and
diabetes mellitus (12). A number of
environmental risk factors for IPF have
been investigated, including occupational
exposure to silica, wood dust, metal dust,
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textile dust, livestock, and agricultural
activities (13, 14). A large percentage of
subjects with familial pulmonary fibrosis
are current or former smokers, suggesting
that gene-environment interactions play
a key role in the pathogenesis of lung
fibrosis (15, 16). Studies of risk factors for
development of ILD in children are
currently lacking (3).

Aging

Fibrotic ILDs, including IPF, are more
prevalent in aging populations, with a sharp
increase in incidence for those older than
50 years (17-19). With the exception

of familial interstitial pneumonia (FIP),
populations affected with subclinical ILD
are significantly older than control subjects,
suggesting that pulmonary fibrosis is

a disease of aging. Aging is associated with
reduced mitochondrial energy metabolism,
enhanced mitochondrial oxidative stress,
increased production of mitochondrial
reactive oxygen species, and accumulated
mitochondrial DNA mutations (20-23).
Premature aging has been invoked as

a possible contributor to IPF (24-31).
Telomere biology has recently been
implicated in the pathogenesis of a variety
of lung diseases (32). Telomeres are DNA-
protein structures that cap the ends of
chromosomes; telomerase is the enzyme
that ensures their integrity. Subsets of
patients with IPF have telomerase
mutations; these mutations could be
involved in accelerated cellular aging
associated with short telomeres, and
contribute to the pathogenesis of
pulmonary fibrosis (33). In addition,
evidence suggests that telomeres may

be more prone to DNA damage (34),
which could link smoke-induced and

or dysregulated antioxidant defense
mechanism with telomere-specific DNA
damage, and contribute to the development
of chronic lung diseases (35).

Sex

The incidence and prevalence of ILD is
higher in males than in females, and female
sex is associated with improved survival (10).
In addition, Han and colleagues (36)
demonstrated that IPF in males is associated
with a more rapid clinical progression and
reduced survival. Similar statistics have been
reported for populations at risk of
developing ILD. Murine models suggest that
hormones could play a role in exacerbating
experimental fibrosis; however, results are
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inconsistent across species (37, 38). Clearly,
additional studies are required to better
understand the role of sex in the
development and progression of ILD.

Tobacco Smoking and Other
Environmental Exposures

In the general population, a history of
chronic tobacco smoke exposure is a risk
factor for the development of several IIPs,
including IPF (39). Multiple past and
present studies have demonstrated that
ILAs observed in the chest X-rays or

chest CT scans of smokers represent

a heterogeneous group of parenchymal lung
diseases. These observations led to the
hypothesis that ILAs are present in
cohorts of ever-smokers screened for

the development of chronic obstructive
pulmonary disease (2), cardiovascular
disease (8), or lung cancer (40, 41). These
recent studies demonstrate that ILAs are
present in a significant proportion of
smokers (42), and are associated with
reduction in 6-minute-walk distance (9).
Although recent evidence suggests that
these radiographic changes may be
progressive (41, 43), long-term follow up in
the research setting is required to determine
the significance of ILAs in smokers.

Risk Factors in CTD-associated ILD

In systemic sclerosis (SSc), early disease
duration, and scleroderma-specific
autoantibodies are associated with progressive
ILD. Presence of nucleolar pattern on anti-
nuclear antibody (representing anti-Th/To,
anti-U3-ribonucleoprotein, and anti-Pm-Scl)
and anti-topoisomerase antibodies are
associated with worse SSc-ILD (44); 16-27%
develop severe ILD. Conversely, anti-
centromere antibodies appear to have

a protective effect on developing severe ILD
(44, 45). Other predictors include African
American race (46) and severe
gastroesophageal reflux disease (47). These
features provide clues to pathogenesis, and
offer insights to identifying higher risk
patients for ILD prevention research. Given
the high prevalence of ILD in rheumatoid
arthritis (RA) and its relationship to increased
morbidity and mortality (48), there has been
a recent interest in defining risk factors,
including phenotypic features, biomarkers,
and genetic markers that can help define
which patients with RA are at highest risk for
ILD, and thus serve as a focus for primary
prevention. Recent data suggest that age (49),
male sex (50, 51), smoking (52), high

rheumatoid factor, cyclic citrullinated peptide
antibodies, and genetic factors, such as major
histocompatibility complex, class II, DR beta
1 status (53), confer higher risk of ILD in RA,
and point the way toward a risk profile that
may be clinically applicable in primary
prevention strategies.

Mechanisms of Disease

The molecular mechanisms that drive the
development of pulmonary fibrosis have not
been fully elucidated; however, major
pathogenic determinants that contribute to
the development of IPF include alveolar
epithelial cell injury and pneumocyte
apoptosis. Epithelial cellular injury is likely
followed by dysregulated repair
characterized by fibroblast/myofibroblast
activation and extracellular matrix
deposition, which ultimately results in lung
remodeling and progressive loss of lung
function (54). It has been suggested that
aberrant activation of developmental
pathways that are usually suppressed in
adult tissues may be central to the
pathogenesis of IPF (55). Additional
molecular mechanisms that contribute

to aberrant wound healing include
dysregulated alveolar coagulation, cell
stress responses, and alveolar epithelial
cell senescence (56-58). In SSc-ILD,
microvascular injury and damage to
endothelial cells appear to be the initiating
factors. Endothelial damage leads to the
production of thrombin, endothelin-1,
vascular endothelial growth factor, and
adhesion molecules, which, in turn, may
promote inflammation (59, 60). Recent
animal data also suggest that injury to
epithelial cells may also play an important
role in the pathogenesis of SSc-ILD (61). A
number of genetic disorders provide insight
into molecular mechanisms that contribute
to the development of IPF. Certain
mutations in surfactant (SFTPA, SFTPB,
SFTPC) (62-64) and ABC transporter
(ABCA3) (64) proteins are associated with
alveolar epithelial type 1l endoplasmic
reticulum stress and apoptosis, resulting in
interstitial pneumonia and respiratory
failure in children and young adults. In
contrast, mutations in telomerase genes
(TERT/hTR) are more frequently observed
in adults with FIP (27, 65). More recently,
a common polymorphism in the airway
mucin gene, MUC5B, was associated with
development of both familial and sporadic

S171



NHLBI WORKSHOP

pulmonary fibrosis (66). Although it
remains unclear how the MUC5B promoter
polymorphism could contribute to disease
pathogenesis, a recent study demonstrates
an association between this polymorphism
and ILAs in the general population (7).

Windows of Opportunity
for Lung Primary
Prevention Research

Although there are numerous different
subtypes of ILD that occur in different clinical
contexts, several have been selected for
particular focus based on information
suggesting promising windows of opportunity
for primary prevention research (Table 1).
Numerous studies suggest that
characterization of subclinical ILD in at-risk
subjects is feasible. These findings suggest that
familial ILD may provide a promising
opportunity for prevention efforts. A study
of 111 families with interstitial pneumonia
documented a high risk for ILD among
asymptomatic family members, and estimated
that approximately 8% of self-reported
unaffected family members have subclinical
ILD (15). In a second study, 143
asymptomatic subjects from 18 kindreds
affected with FIP were studied to determine
clinical, radiographic, and pathologic features
of subclinical ILD in patients at risk of
developing IPF (16). Using HRCT, subclinical
ILD was identified in 22% of unaffected
relatives; these subjects were, on average,
20 years younger than their relatives with

established disease. A history of smoking was
significantly more common in both subjects
with ILAs and relatives with established disease
when compared with unaffected relatives.
Several recent studies have identified
subclinical ILD in subjects with known genetic
mutations (27, 67, 68). For instance,
radiographic evidence of subclinical ILD has
been described in asymptomatic subjects with
heterozygous TERT mutations (67). Additional
rare genetic disorders, such as SFTPC
mutations and Hermansky-Pudlak syndrome,
which are associated with the development
of ILD, also provide windows of opportunity
to intervene early in at-risk patients (69).
Several autoimmune diseases, such as
RA, SSc, polymyositis/dermatomyositis,
lupus, and Sjogren’s syndrome, have a high
prevalence of ILD, and thus also provide
windows of opportunity for lung primary
prevention research in at-risk populations.
Pulmonary complications are an important
cause of morbidity and mortality in patients
with SSc (70-73). Approximately 70-80%
of adult patients with SSc have evidence of
ILD (74), and ILD occurs in both limited
and diffuse cutaneous SSc (75, 76).
Although the majority of these patients
remain relatively stable with respect to their
SSc-ILD, 40% develop moderate-to-severe
restrictive disease (FVC < 50% of
predicted). When decline in lung function
occurs in early disease stages (45, 77), it is
associated with a higher mortality (45).
Chest CT scans have been successfully used
to identify occult ILD in patients with SSc.
In a study of patients with SSc with normal

lung volumes, 56% of subjects had HRCT
abnormalities suggesting ILD (71). These
data, coupled with knowledge of risk factors
and disease biology (discussed subsequently
here), provide strong rationale for studies
to attempt to prevent development of ILD
in individuals with SSc.

RA is another CTD associated with
a significant ILD burden. An estimated 10% of
patients with RA have RA-associated ILD
(RA-ILD), and one-third have subclinical ILD
on chest CT (78-80). These findings are
clinically relevant, as, in a prospective study,
34% of patients with RA with subclinical ILD
had evidence of disease progression (81).
Furthermore, the presence of interstitial
pneumonia, particularly biopsy-proven usual
interstitial pneumonia, is associated with
a poor prognosis, which may approach that
seen in IPF (48, 82, 83). The high prevalence
of ILD, availability of relatively effective
immunosuppressive therapy, and increased
mortality associated with cardiopulmonary
involvement (84) suggest that detection of
subclinical ILD and early intervention, or
strategies aimed at primary prevention of ILD,
could improve outcomes in patients with RA.

Recommendations for Primary
Prevention Research

It is evident that prevention strategies in ILD
remain at an early stage of development but
with clear opportunities for a rapid
expansion. The previously described studies
in IIPs and CTD-associated ILD suggest

Table 1. Imaging, physiological, and pathological abnormalities within context of genetics and potential biomarkers

HRCT Imaging Abnormalities

Familial Subpleural reticulation, GGO’s
pulmonary
fibrosis

Smokers Subpleural reticulation, GGO’s,

centrilobular nodules

Connective Subpleural reticulation, GGO’s
tissue
disease

General Subpleural reticulation, GGO’s
population

Lung Function
Abnormalities

TLC, DLCO, 6MWD SRIF

FVC, DLCO NSIP

TLC, DLCO 6MWD

Pathologic Changes

TLC, DLCO, CPET  UIP, NSIP, COP, RBILD TERT/hTR,

Genetics Biomarkers
MMP7
SPTC, ABCAS3
MUCH1, SPA, SPD
TGF-B1, PDGF
MUC5B

Definition of abbreviations: BMWD = 6-minute-walk distance; ABCA = ATP-binding cassette transporter; COP = cryptogenic organizing pneumonia;
CPET = cardiopulmonary exercise testing; GGO = ground glass opacities; MMP = matrix metalloproteinase; MUC = mucin gene; NSIP = nonspecific
interstitial pneumonia; PDGF = platelet-derived growth factor; RBILD = respiratory bronchiolitis interstitial lung disease; SPTC = surfactant protein C;
SRIF = smoking-related interstitial fibrosis; TGF = transforming growth factor; TLC = total lung capacity; UIP = usual interstitial pneumonia.

Subjects with subclinical interstitial lung disease demonstrate histopathologic changes, physiologic and functional abnormalities, and genetic/genomic
profiles similar to those observed in patients with clinically significant interstitial lung disease; these similarities indicate that subclinical interstitial lung
disease may precede the development of clinically apparent interstitial lung disease.
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short-term (next 5 yr) and long-term
opportunities (next 10 yr) are available to
develop appropriate primary prevention
strategies (Figure 2). A number of research
topics need to be addressed before
conducting primary prevention trials, and
these priority research areas include:

1. Improve strategies for early detection of
disease (phenotype and endotype).

2. Define proxy measures and risk-
stratification biomarkers (genomics and
imaging).

3. Determine risk factors for the
development of subclinical ILD.

4. Determine the natural history of
different forms of ILD (longitudinal
outcomes), so as to enable interpretation
of potential outcome.

5. Design safe interventions that can be
tested in individuals affected with
subclinical ILD (i.e., smoking cessation).

The design of robust predictive models
that identify those individuals at highest risk

H Long term Opportunities (>10 years)

for the development of clinically relevant
disease will provide opportunities for
preventive strategies. To achieve this goal,
we need to develop sensitive, high-
throughput methods to screen large
populations at risk for future development
of pulmonary fibrosis. Advances in this
priority area are highlighted by recent
reports of ILAs in large cohorts of smokers
and in population-based samples of older
adults who were screened using CT scans.
Visual inspection of ILAs is based on
conventional imaging interpretation, and is
therefore a robust and reliable method to
qualify ILAs; however, there is a clear need
to develop methods that objectively measure
HRCT scan features. Several groups have
recently shown that automated assessment
of HRCT scans can detect and quantify ILAs
in FIP, patients with RA-ILD, and smokers
(85, 86). The use of HAAs successfully
identified ground-glass opacities and
reticular abnormalities in the Multi-Ethnic
Study of Atherosclerosis-Lung Study,

'}
£
T
£
[

Phenotype and Endotype

v

H Short Term Opportunities (5-10 years) 7

I Present "4

Define Proxy Measures |

Risk-stratification Biomarkers |

Genetic Association Studies |

Functional Imaging (MRI)

|

Determine Risk Factors for Subclinical ILD

Priority Research Areas

Intervention- RCT

Longitudinal Outcomes |

Families affected with pulmonary fibrosis

Smokers undergoing screening for lung cancer

Focus
Populations

|
|
Connective tissue disease (Ssc and RA) 1
|

General population cohorts (FHS, MESA)

Figure 2. Priority research areas proposed for at-risk populations. Ongoing studies have focused
on defining the phenotype and endotype of populations affected with subclinical interstitial lung
disease (ILD). In the short term, observational studies will enhance our ability to identify proxy
measures and risk factors, which will be required to design therapeutic interventions and, in the
long term, determine the longitudinal outcomes of subjects affected with subclinical ILD. FHS =
Framingham Heart Study; MESA = Multi-Ethnic Study of Atherosclerosis; MRI = magnetic
resonance imaging; RA = rheumatoid arthritis; RCT = randomized controlled trial; Ssc = systemic

sclerosis.
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a population-based cohort of U.S. adults (8).
Finally, objective quantification of structural
abnormalities predicts survival in established
IPF (87). Overall, these results suggest that
quantification of HRCT scans may be an
endpoint that complements other study
parameters (i.e., biomarkers) for detection of
subclinical ILD. Despite this progress, it is
clear that development of advanced
functional imaging techniques (functional
magnetic resonance imaging) that use
molecular markers and reduce radiation
exposure are required to effectively and
safely screen at-risk populations. Defining
the impact of ILAs on the natural history of
imaging, as well as physiological and clinical
features, will be important to determine
what subjects will go on to develop ILD
and could potentially benefit from
interventions, such as removal from an
environmental exposure or smoking cessation.
We anticipate that genomic biomarkers
(peripheral blood and skin tissue in SSc-ILD
[88]) will help identify individuals at risk
of developing subclinical ILD, improve our
ability to monitor disease progression,
and serve as clinical outcome measures in
intervention trials. Lung-based protein
biomarkers can be detected in the
peripheral blood, but, although some
biomarkers have been shown to correlate
with disease progression and survival,
the use of biomarkers in IPF remains
experimental (89-91). Several peripheral
blood biomarkers have been independently
validated in the research setting, and
should be investigated as potential risk-
stratification tools (92-94). Although
these data are promising, additional
investigation, particularly into the
development of a panel of biomarkers that
have additive value to established clinical
parameters, will be necessary to establish
which biomarkers will be useful to detect
subclinical disease or risk stratify
populations at risk of developing ILD.

Short-Term Opportunities

There are potential target populations already
at risk for ILD who have undergone extensive
baseline and longitudinal evaluations.

FIP. Although differing disease
mechanisms are potentially involved in the
development of sporadic interstitial
pneumonia and FIP, detection of subclinical
ILD in genetically susceptible individuals is
both feasible and informative (16). We
anticipate that future research in this
population at risk of developing pulmonary
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fibrosis will increase our understanding of
the natural history of the IIPs. A significant
challenge to implementing preventive
measures is the absence of proven effective
therapies in IIPs, which limits the current
ability to design and conduct randomized
clinical trials. Furthermore, the lack of
predictive markers (genetic, genomic) and
longitudinal studies limit our ability to risk
stratify at-risk individuals, which is
required to effectively design primary
prevention trials. However, given the
anticipated results of a series of large, well
conducted, phase III studies over the next
year (95, 96), these agents may provide
viable therapeutic strategies for primary
prevention studies in well defined at-risk
populations. In addition, future availability
of genetic testing (i.e., telomerase
mutations, MUC5B polymorphism) will
enhance the predictive value of ILAs in FIP
in other at-risk populations. Due to the
complexities associated with performing
genetic testing, providing genetic
counseling, and proposing enrollment in
experimental interventions, these studies
should occur in the context of clinical trials.
Additional consideration should be given to
performing such research studies in the
pediatric age group.

Patients with CTD. The National
Heart, Lung, and Blood Institute—funded
Scleroderma Lung Study I and II have
generated significant knowledge regarding
risk factors for the development of SSc-ILD,
and developed a successful national
network for clinical trials. We know that
the majority of patients develop ILD
within the first 3 years of SSc disease onset
(97). Recommendations for a primary
prevention trial may include all patients
with very early diagnosis of SSc (preferably
within a few months to <2-3 yr from first

non-Raynaud sign or symptom) without
the presence of ILD on HRCT. In this
proposed trial, the randomization would be
stratified by autoantibodies (nucleolar
pattern and anti-topoisomerase), and
subjects would be randomized to
immunosuppressive therapies (e.g.,
mycophenolate mofietil, methotrexate, or
cyclophosphamide [98]) versus placebo,
and followed longitudinally with
physiological testing and semiquantitative
or quantitative HRCT of lungs. Primary
outcome would be the time to develop ILD
during the follow-up period. Patients who
develop new ILD and/or have worsening of
skin disease would be initiated on standard-
of-care immunosuppressive therapies, and
laboratory data included to assess safety of
the therapy. In addition, the longitudinal
cohort of very early SSc in Europe will
provide further insight into natural history
of SSc-ILD (97). Similarly, there are staging
systems for RA-ILD based on imaging, lung
physiology and disease progression. The
addition of biomarkers to this phenotypic
information, as has been successfully
completed in SSc-associated ILD, could aid
in refining predictive models to define
which patients with RA are at highest risk
for ILD. The current gaps in knowledge
regarding early diagnosis and identification
of subclinical disease, risk stratification,
development of prediction models, and
management of CTDs could be potentially
addressed over the next 5 years. In fact,
efforts to formulate and validate risk-
stratification models using phenotype,
imaging, biomarkers, and genetic markers
are well underway, and will serve in the
near future as a basis for a primary
prevention trial using known agents, such
as mycophenolate or emerging biologic
agents. We expect that these advances will

lead to improvements in the lives of
patients with these debilitating conditions.

Long-Term Opportunities

General population. In the long term (next
10 yr), we will need to design prospective
cohort studies to determine risk factors
for ILD in the general population. The
ideal scenario would be the creation of a
Framingham-like prospective, observational
cohort study. This approach would carefully
study a representative cohort with extensive
baseline and standardized longitudinal
assessments. The main limitation of such
a research strategy is the expense and
complexity required for such an approach.

An alternative approach is to target
high-risk populations, such as older adults
with a history of cigarette smoking. An
estimated 94 million U.S. adults who are
current or former smokers have an
increased risk of developing lung cancer or
parenchymal lung diseases (i.e., ILD and
chronic obstructive pulmonary disease)
(99). The U.S. Preventive Services Task
Force issued a draft recommendation for
annual lung cancer screening using low-
dose CT in individuals considered at high
risk based on age and smoking history
(100). The widespread use of HRCT in
clinical and research settings will increase
our ability to detect subclinical ILD.
Although the long-term benefits, risks, and
costs associated with implementing chest
CT screening remain to be determined,
this represents an opportunity to determine
the long-term significance of ILAs in
smokers and identify risk factors for the
development of ILD. M

Author disclosures are available with the text
of this article at www.atsjournals.org.
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