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Chapter 24
Epidemiology of Rare Lung Diseases: 
The Challenges and Opportunities to Improve 
Research and Knowledge
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and Francis X. McCormack

Abstract  Rare lung diseases encompass a broad spectrum of conditions and affect 
an estimated 1.2–2.5 million people in North America and 1.5–3 million people in 
Europe. While individual rare lung diseases affect less than 1 in 2000 individuals, 
collectively they have a significant impact upon the population at large. Hence it is 
vital to understand firstly the epidemiology and subsequently the pathogenesis and 
clinical course of these disorders. Through a greater understanding of these aspects 
of disease, progress can be made in reducing symptoms, containing healthcare costs 
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and utilizing resources efficiently. Furthermore, a greater understanding of the 
pathobiology of rare lung diseases can inform both the pathogenesis and manage-
ment of more common pulmonary disorders.

In this chapter we review how epidemiological approaches and the utilization of 
patient registries has improved the knowledge and management of rare lung dis-
eases. We further focus on the epidemiology of several of the more widely known 
rare pulmonary disorders, including idiopathic pulmonary fibrosis (IPF), cystic 
fibrosis (CF) and alpha-1 antitrypsin deficiency (AATD). To conclude we describe 
how patient advocacy groups and foundations have driven advances in research and 
management of ultra-rare lung diseases, namely, the major strides made in the man-
agement and understanding of lymphangioleiomyomatosis (LAM) and pulmonary 
alveolar proteinosis (PAP).

We conclude that the models used to study some of the rarest of diseases may be 
successfully adopted by other rare and common disease communities, leading to 
improved care and the possibility of novel therapeutic options.

Keywords  Rare Lung Disease • Cystic Fibrosis • Alpha-1 Antitrypsin • 
Lymphangioleiomyomatosis • Pulmonary Alveolar Proteinosis • Idiopathic 
Pulmonary Fibrosis

24.1  �Introduction

Rare lung diseases are a group of conditions that individually affect fewer than 1 in 
2000 persons [127]; or for the ultra-rare disorders, fewer than 1 in 2 million indi-
viduals [45]. Collectively, however, these disorders affect quite a large number of 
patients; estimated at 1.2–2.5  million individuals in North America [43] and 
1.5–3 million people in Europe [78, 127]. It is therefore important to understand 
pathogeneses and epidemiology [72] of these disorders, in order to reduce human 
suffering, contain healthcare costs and maximize efficiency of resource utilization. 
In addition, research into rare diseases often provides valuable insights into the 
pathogenesis of more common disorders [90]. As an example, azithromycin was 
recently adopted as a prophylactic agent to prevent exacerbations in chronic obstruc-
tive pulmonary disease (COPD) [3], almost a decade after studies of this anti-
inflammatory antibiotic were shown to be beneficial in cystic fibrosis (CF) [116].

In this chapter we will discuss the epidemiology of rare lung diseases, with a 
focus on some of the more common and widely known members, including idio-
pathic pulmonary fibrosis (IPF), CF and alpha-1 antitrypsin deficiency (AATD). We 
will review how epidemiological approaches and patient registries have improved 
the knowledge of these conditions, and how these methods may benefit rarer lung 
diseases. Finally we will describe how the efforts of patient advocacy groups and 
foundations have led to advances in two rare lung diseases, lymphangioleiomyoma-
tosis (LAM) and pulmonary alveolar proteinosis (PAP).

C. McCarthy et al.
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24.2  �Rare Lung Disease: Diagnostic and Classification 
Challenges

Classifying all rare lung disease together under one heading is problematic, as some 
conditions are relatively more common, such as CF or AATD, while other diseases 
are quite rare, such as PAP, LAM or Hermansky-Pudlak syndrome (HPS). In addi-
tion, there is substantial variation among diseases in clinical features and manifesta-
tions, including age of onset, patterns of extra-pulmonary involvement, mode of 
inheritance and prognosis. Some conditions are caused by monogenic mutations 
(AATD, CF) which are amenable to screening [14, 71, 126], facilitating earlier diag-
nosis and intervention. Other conditions are multifactorial and have an unknown 
genetic basis (e.g. lymphangiomatosis), which can result in diagnostic delays and 
difficulties with classification [32]. Symptoms of rare lung diseases may be mis-
taken for those of more common conditions [66] as often happens with AATD; a 
disorder which can present clinically as one of the most common chronic respira-
tory conditions (COPD) and, despite its high penetrance, can vary considerably 
depending on the exposure to external factors such as tobacco smoke [122].

The principle of parsimony does not necessarily apply to rare diseases, and 
applying Occam’s razor can be hazardous. For instance, the failure to realize that 
recurrent pneumothoraces may be due to LAM rather than primary spontaneous 
pneumothorax [54], may delay pleurodesis and place patients at risk of future mor-
bidity. In cases where intervention has a clear impact on outcome, such as sirolimus 
treatment to slow progression in LAM, timely diagnosis is especially important to 
preserve lung function, limit unnecessary and invasive investigations and contain 
costs. Early referral to specialist centres for rare lung diseases can be helpful in this 
regard [42]. Correct coding and use of proper nomenclature impacts upon the ability 
to classify the epidemiology of these conditions [127], design appropriate clinical 
trials and optimise management.

24.3  �Rare Disease Networks and Databases: Establishing 
Prevalence and Enabling Research

Estimates of the prevalence and incidence of rare disorders are made possible by the 
existence of networks, consortia and patient organisation alliances such as the 
National Institutes of Health Rare Diseases Clinical Research Network (NIH-
RDCRN), European Organisation for Rare Diseases (EURODIS) and Orphanet. 
The prevalence of rare lung disease in Europe varies greatly, from 20 per 100,000 
people for AATD to 0.15 per 100,000 people for HPS. The prevalence data of sev-
eral rare lung diseases is listed in Table  24.1, gleaned from data obtained from 
Orphanet’s 2016 report, which is compiled through a systematic survey of pub-
lished and online sources [98]. These data help establish a clear picture of the 
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natural history of rare lung diseases, and facilitate clinical trials and standardised 
care, aimed at improving patient satisfaction and outcomes [127].

The RDCRN is made up of 22 research consortia and maintains an online registry 
that supports international multicentre studies [92]. The Rare Lung Diseases Consortium 
(RLDC) is part of this network, which itself consists of 29 US and 18 international 

Table 24.1  Prevalence of rare lung diseases

Disease
Estimated Prevalence 
per 100,000

Alpha-1 Antitrypsin Deficiency 20 *
Idiopathic Pulmonary Fibrosis 16.7
Hereditary Haemorrhagic Telangiectasia (Rendu-Osler-Weber 
Disease)

16 *

Systemic Sclerosis 15.4 *
Bronchopulmonary Dysplasia 13 *
Sarcoidosis 12.5
Small-Cell Lung Cancer 11.2 *
Tuberous Sclerosis 10 *
Granulomatosis with Polyangiitis 9 *
Cystic Fibrosis 7.4 *
Dermatomyositis, Polymysositis 7.1 *
Primary Ciliary Dyskinesia 5 *
Congenital Lobar Emphysema 4
Acute Interstitial Pneumonia 3.8 *
Anisynthetase Syndrome 3.5
Pulmonary Arterial Hypertension 3.3 *
Mesothelioma 3.1 *
Chronic Thromboembolic Pulmonary Hypertension 3
Graft Versus Host Disease 2.3 *
Scimitar Syndrome 2 *
Hypereosinophilic Syndrome 1.5 *
Eosinophilic Granulomatosis with Polyangiitis (Churg-Strauss 
Syndrome)

1.5

Adult Pulmonary Langerhans Cell Histiocytosis 1.5 *
Legionellosis 1.1 *
Idiopathic and/or Familial Pulmonary Arterial Hypertension 1 *
Goodpasture Syndrome 0.64
Birt-Hogg-Dubé Syndrome 0.5 *
Idiopathic (Autoimmune) Pulmonary Alveolar Proteinosis 0.5
Relapsing Polychondritis 0.35
X-linked Agammaglobulinaemia 0.22
Lymphangioleiomyomatosis 0.15
Hermansky-Pudlak Syndrome 0.15
Dyskeratosis Congenita 0.1 *

* = European Data Only

C. McCarthy et al.
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clinics that contribute to both data collection and study recruitment, accelerate clinical 
research and improve medical care access for persons with rare lung diseases. The 
RLDC collaborates closely with several patient organisations including the LAM 
Foundation, PAP Foundation, Alpha-1 Foundation, HPS Network and Histiocytosis 
Association and others to provide educational resources and recruit for clinical trials. 
In rare lung disease research, the major obstacle to conducting a clinical trial is the 
small number of participants available for inclusion. The use of internet based com-
munications by patient organisations is a novel and exciting method which has proven 
to be a useful strategy for trial recruitment [123]. Networks and patient registries 
increase the pool of patients available for research studies, and often include reposito-
ries for sample collection and distribution. (Tables 24.2 and 24.3).

Patient foundations and registries often engage in collection of self-reported 
data, which can be useful for demographic studies but is not generally sufficiently 
validated for rigorous studies involving prevalence, incidence, mortality and out-
come data. Hospital coding data and insurance claims databases have proven to be 
useful in determining the prevalence of several rare diseases, including IPF [68, 96, 
110]. Other methods have included surveying death certificates [22], supplemented 
with data from patient registries to improve accuracy [26]. The latter approach is 
based on the premise that combined approaches to epidemiological data collection 
are particularly well suited to the rare diseases.

Clinical trials are difficult to perform in rare diseases. Validation of optimal out-
come measures of rare lung disease is vital, as is the identification of surrogate 
markers that accurately predict meaningful endpoints. Randomised control trials are 
not always feasible in rare conditions, and alternative study designs such as ‘n-of-1’ 
single patient, crossover and sequential approaches may be considered [11, 75]. In 
diseases where prognosis is poor, survival is the most important outcome to ascer-
tain the efficacy of a new drug, but this is not always practical or feasible when 
conditions are extremely rare or survival is prolonged; in those cases use of clinical 
parameters which are predictive of survival are necessary surrogates. Examples of 
rare disease communities that have successfully conducted large epidemiological 
studies to discover powerful surrogates for survival include IPF [27] and CF [61]. In 
these diseases, pulmonary function and frequency of acute exacerbations [76] cor-
relate with risk of death and are now used as outcome measures in pivotal trials, 
speeding the discovery of new treatments. Studies are desperately needed in other 
rare diseases, including those of much lower prevalence, to determine appropriate 
surrogates for each particular condition.

The study of the more common rare lung diseases including IPF, AATD and CF 
can inform the approach to ultra-rare conditions and drug development. For example, 
in AATD, a well-designed National Heart Lung and Blood Institute (NHLBI) 
Registry facilitated accurate description of key demographic and physiologic char-
acteristics of AATD individuals [86], including patterns of lung function decline 
that are critical for the design of trials. One recent benefit of the Registry was the 
discovery of a promising surrogate for the efficacy of therapeutics, including aug-
mentation therapy [16]. Furthermore, in AATD the information recorded in national 
registries has been useful in identifying differences in cohorts of patients in disease 
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severity, smoking exposure, access to treatment and frequency of phenotypes 
including very rare mutations [33, 100].

To understand the challenges of describing the epidemiology of individual rare 
lung diseases, we will focus on how IPF, CF and AATD may inform future work in 
other conditions. Following this we will briefly describe the challenges in extremely 
rare conditions and detail some of the exceptional progress in LAM and PAP.

24.4  �Idiopathic Pulmonary Fibrosis: Epidemiological 
Challenges

Although idiopathic pulmonary fibrosis (IPF) is perhaps more widely known to the 
broader medical and lay communities than most rare lung diseases, many aspects of 
the approach to this disease require refinement. IPF is a complex disease that 
requires a multidisciplinary approach to ensure timely and accurate diagnosis [108]. 
When the correct diagnosis is delayed or missed, lags in specialist care are associ-
ated with increased risk of death [69]. The discovery and approval of novel treat-
ments has sparked renewed interest in IPF clinical care and translational research. 
Prior to the year 2000, very few clinical trials had been performed in IPF, encom-
passing a total of only about 100 patients enrolled in small, low quality studies. 
Since that time, thousands of patients have been enrolled in randomized, controlled 
clinical studies [21, 127], leading to significant improvements in therapeutic options 
and a large body of data that is being used to inform trial design. The emergence of 
pirfenidone [21, 59, 62] and nintedanib [59, 114] as medications that have shown 
benefit in reducing pulmonary function decline in IPF has led to a greater focus on 

Table 24.3  Rare lung disease registries

Registry
Approximate number of 
Patients Year

Alpha-1 Registry (USA) 5426 2016
National Alpha-1 Antitrypsin Deficiency Registry 
(Ireland)

334 2016

Rare Lung Disease Consortium/Birt-Hogg-Dubé Registry 110 2016
European Cystic Fibrosis Society Patient Registry 
(Europe) (27 countries)

38,985 2013

Cystic Fibrosis Patient Registry (USA) 28,676 2014
UK Cystic Fibrosis Registry 10,583 2014
French Cystic Fibrosis CF Patient Registry 6,329 2013
Cystic Fibrosis Registry of Ireland 1,183 2014
Hermansky-Pudlak-Syndrome Network 1,223 2016
LAM Foundation 2,056 2016
National Registry for Pulmonary Alveolar Proteinosis 81 2016
Pulmonary Hypertension Association Registry 15,964 2016
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the epidemiology and clinical course of IPF, including identification of the subsets 
of patients who may uniquely benefit from such novel treatments.

The epidemiology of IPF had been poorly described in the literature until 
recently. It was not until 1998 [60] that a clear definition of the disease was pro-
posed and incorporated into the 2000 consensus diagnostic criteria, which were 
then subsequently updated [63, 108]. This confusion in accurately defining IPF 
compromised accurate epidemiologic data collection, as many patients were coded 
under alternative and often erroneous diagnoses. The reported prevalence range of 
IPF using these methods was therefore implausibly broad, spanning almost three 
logs from 0.7 per 100,000 to 63 per 100,000, and incidence figures ranging from 
0.6 per 100,000 to 17.4 per 100,000 [106, 107]. The methods used to acquire epi-
demiological data in IPF have included accessing healthcare insurance claims and 
benefits databases [68, 96, 110], medical record linkage systems [99], primary care 
databases [41], surveys of pulmonary clinics [47, 58, 89], and death certificates and 
pathology reports [22]. These varied approaches led to conflicting reports of mor-
tality rates and incidence, with the effect of increased age poorly accounted for 
[91]. Under recognition and misclassification [56] have plagued data collection 
based on extraction from death certificates and national registries [73]. Although 
the use of insurance claims databases may be more accurate for demographic and 
outcome data collection, this method is heavily dependent on correct initial coding, 
incompletely validated [29] and subject to overestimation of prevalence and vari-
ous outcomes.

24.5  �Evolving Management of IPF: Improving 
Epidemiological Data

While the epidemiology of IPF is still not well understood, it continually improving. 
Evidence for epidemiologic progress includes new, approved therapeutic options 
and better diagnostic and management strategies. Rapid and accurate methods of 
diagnosing IPF are now possible in the form of high resolution computed tomogra-
phy (HRCT) imaging, which is considered diagnostic if the classic pattern of usual 
interstitial pneumonia characterised by subpleural, basilar-predominant reticular 
abnormality with honeycombing is identified [79, 108]. The recognition that the 
diagnosis can be made based on clinical criteria has reduced the need for lung 
biopsy [109]. Developments in bronchoscopic techniques such as transbronchial 
cryobiopsy have further improved the ability to accurately diagnose IPF by less 
invasive, non-surgical methods [5, 35, 67, 102]. More accurate diagnosis of IPF will 
also allow better data acquisition, that together with the growing portfolio of novel 
candidate therapies and biomarkers will be used to assess disease progression and 
prognosis [37] and design and accelerate trials. Accurate identification of IPF will, 
in turn, lead to better understanding the natural history of the disease, as well as its 
societal impact on health care use and costs [74]. The use of well-designed registries 
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have dramatically improved clinical trial recruitment in IPF. The NHLBI sponsored 
IPF Clinical Research Network (IPFnet) has screened over 1000 patients [23] for 
inclusion in clinical trials for a range of treatments including prednisolone, azathio-
prine, and N-acetylcysteine [6, 81], sildenafil [48] and warfarin [93], to name a few. 
While none of these medications showed any clinically significant benefit in trials, 
the use of IPFnet as a source for patient recruitment has provided a platform for 
future accurate epidemiological classification of IPF, and a template for other rare 
lung disease communities to emulate.

24.6  �Cystic Fibrosis: A Model for Epidemiological Studies 
in Rare Disease

Cystic fibrosis is a rare disease caused by mutations in the Cystic Fibrosis 
Transmembrane Conductance Regulator gene (CFTR), and it is the most common 
life shortening autosomal recessive disorder in Caucasians. It is a multisystem dis-
ease, in which the major cause of mortality is due to pulmonary complications 
[111]. The genetic inheritance pattern in CF lends itself to screening at birth [31], 
which has led to a better understanding of the natural course of disease progression 
and facilitated collection of powerful epidemiological data. Although rapid and 
inexpensive genotyping for CFTR mutations is increasingly accessible and has 
greatly improved the diagnostic yields of newborn screening [126], on a world-wide 
basis the workhorse for diagnosis remains sweat chloride testing. Together these 
methods have the potential to identify almost all cases of CF in early infancy. This 
combination of early and accurate diagnosis, well understood molecular pathophys-
iology and powerful patient advocacy place CF at the vanguard of all models to 
study rare lung disease.

The incidence of CF ranges from approximately 1 in 350,000 in Japan [49, 139] 
to 1 in 3,500 live births in the USA [65] to approximately 1 in 1,353 in Ireland [30], 
which has the highest incidence and prevalence worldwide. Registry data has been 
essential for facilitating between-country comparisons of incidence, prevalence, 
survival and other outcomes [12, 52]. For instance, it is now clear that children and 
young adults born in the USA have better pulmonary function than those in the UK 
[38]. Observations such as these, which have been a direct result of development of 
informative registries, spur investigation into the underlying reasons for differences, 
facilitate interventions and provide opportunities for quality improvement.
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24.6.1  �Improved CF Care: The Benefits of Registries 
and Patient Foundations

Registries in CF are excellent sources of demographic data and have been used to 
great effect in outcome studies, for clinical trial recruitment and as prognostic mark-
ers. More so than in perhaps any other rare lung disease, CF patient registries have 
informed the natural history of disease progression and facilitated breakthrough 
discoveries.

The use of data from CF registries has helped to identify the association between 
particular genotypes and mortality risk [87], as well as the prediction of prognosis 
based on clinical parameters including FEV1, body mass index (BMI) and bacterial 
colonisation of sputum [76]. The impact of external factors such air pollutants [40], 
second-hand smoke exposure [18] and socioeconomic status [94, 121] on lung func-
tion decline, mortality and other outcome measures has also been gathered from 
registry studies. As CF is a multisystem disorder, the accurate collection of data is 
essential for predicting prognosis and measuring response to intervention, and reg-
istries are useful for capturing data on comorbidities, including osteoporosis, diabe-
tes, pancreatic insufficiency and gastrointestinal complications, all of which impact 
upon disease progression [83].

While registries ideally should collect similar data in a standardized manner, 
major differences can occur internationally which may affect their use as validated 
sources of information regarding outcomes and prognosis. The European CF 
Demographics Registry Project compared data collected from 35 European coun-
tries’ registries, including demographic data for 29,000 patients [85], and demon-
strated significant variation between the age at death and proportion of patients 
diagnosed with CF in non-EU countries compared to EU countries, perhaps due to 
either under-diagnosis, premature mortality or differences in patient registration in 
the former. To tackle this difference in reporting the European CF Society (ECFS) 
has launched an initiative to develop standardised care programmes [19]. 
Improvements in care have been well demonstrated through collaboration between 
caregivers, patient foundations, registries and patients in several countries. In the 
USA, for instance, the CF Foundation developed extensive quality improvement 
programmes, setting key performance indicators for CF centres, and using registry 
data to create a transparent forum for quality improvement [119, 120]. The efforts 
have resulted in greater compliance with diabetes screening [104, 105], and 
improvement in BMI [128] and in overall care provision [130]. Furthermore, the use 
of clinical prediction tools in CF identifies patients for lung transplantation earlier 
[77] and predicts overall prognosis [82]. Registries have been essential for validat-
ing scoring systems, which in some cases have developed as candidates for surro-
gate outcome measures. They are also useful in cost analysis and assessing referral 
patterns [80]. Finally, CF registries are ideal sources of information to examine the 
long term effects and impact novel therapies have on outcomes, including survival, 
exacerbations and quality of life measures [131].
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24.6.2  �Cystic Fibrosis Registries and Novel Treatment 
Development

CF registry studies have shown survival benefits associated with long term use of 
nebulised dornase alfa (DNase) [137] and tobramycin [118]; cases in which short-
term randomised control trials [36, 113] failed to reveal an effect. These examples 
highlight the utility of registry studies in assessing therapies in rare diseases with 
small study populations. Furthermore, collaborative studies employing CF regis-
tries have played a pivotal role in the development of novel drugs, in particular the 
CFTR potentiator ivacaftor [112].

The Cystic Fibrosis Foundation Therapeutics Development Network (TDN) has 
successfully conducted numerous clinical trials since its inception [39] and was 
instrumental in developing high-throughput screening to identify candidate drugs, 
and enrolling patients in phase I, II and III trials around the world. Apart from estab-
lishing a significant pool of over 20,000 patients from the USA and links to interna-
tional sites, this network improved the integrity and efficiency of trial conduct and 
data collection and management. The subsequent development of ivacaftor has been 
revolutionary in CF care, demonstrating a significant improvement in inflammation, 
pulmonary function, exacerbation frequency and quality of life in a subset of 
patients with CF [101, 117]. These exciting results are transforming care in CF and 
are setting expectations for future novel and personalized medicine at a very high 
level for CF, and other genetic lung diseases. Network development and intelligent 
use of registry data in CF are exemplars for all rare lung diseases.

24.7  �Alpha-1 Antitrypsin Deficiency: Epidemiological 
Findings of a Complex Genetic Condition

Alpha-1 antitrypsin (AAT) is a serine protease inhibitor produced in the liver, which 
is abundant in the blood stream and acts mainly in the lung to counteract neutrophil 
elastase. In AAT deficiency (AATD) there is an imbalance in the protease/antiprote-
ase balance leading to parenchymal lung damage and emphysema. AATD is a multi-
system disorder where polymerisation of mutated AAT can accumulate in hepatocytes 
leading to chronic liver disease and the rare occurrence of AATD associated pannicu-
litis [34]. AAT is inherited in an autosomal codominant pattern with more than 50 
known deficient alleles, the most common being those encoding the S and Z muta-
tions, with prevalence varying markedly across continents and within countries.

Despite commendable attempts to characterize the genetic landscape of AAT 
worldwide, small studies have often fallen short and detailed genetic epidemiologi-
cal studies are lacking in about half of all countries across the globe [25]. However, 
innovative tools used in other scientific areas of knowledge have been used to com-
pensate this circumstance; Blanco et al used an informatics approach namely the 
ArcMap (ArcGGIS Geographical Information System, for Microsoft Windows) 
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based on the inverse distance weighting (IDW) multivariate interpolation method to 
develop detailed maps of the prevalence of S and Z alleles worldwide. This approach 
identified an unsuspected significance of S and Z allele frequencies in areas where 
AAT deficient allele prevalence had not been previously studied, highlighting these 
areas as priority targets for further screening and future trials [8].

Interestingly, these epidemiological studies supported the hypothesis that the Z 
mutation appeared in the Scandinavian Peninsula approximately 2000-6500 years 
ago and that Viking raids may have spread the Z allele. In contrast, the S allele may 
have originated in the Iberian Peninsula more than 9000 years ago and it shows the 
opposite distribution with a gradient south-north and west-east in Europe [9]. The 
approach to National registries in AATD have served as a platform to share knowl-
edge about the condition, promote screening amongst at risk individuals and pro-
duce local guidelines regarding diagnoses and treatment, and serves as an exemplar 
for all rare diseases [14, 15, 24, 70].

24.8  �Lymphangioleiomyomatosis: Excellence in Foundation 
Driven Developments in Care

Lymphangioleiomyomatosis (LAM) is a rare, progressive, cystic lung disease found 
almost exclusively in women [57, 115]. Similar to other rare lung diseases, the lim-
ited available epidemiological data about the disease has been acquired from federal 
and international registries and advocacy group sources, as well as case report 
series.

Data from the NHLBI LAM registry [115] and the Japanese LAM Registry [44] 
together with several large cases series from Europe [55, 136], Korea [95] and Japan 
[64] have been used to compile a demographic and epidemiologic picture for 
LAM. With such a rare disease, accurate prognostic information and survival data 
has been difficult to acquire due to the small, geographically disperse populations 
and variable study methodology. Mortality was initially reported to be very high, 
with early retrospective cohorts reporting 10-year survival rates of only approxi-
mately 20% [20, 125], but more recent studies have estimated the 10-year survival 
to be approximately 76-91% after symptom onset [44, 55, 88, 136]. Although the 
mean age at diagnosis is approximately 40-41 years [97, 115] cases in prepubertal 
individuals and octogenarians have also been reported [46]. Until recently it had 
been difficult to elucidate the factors that determine survival or predict prognosis in 
LAM, and there have been some associations made that are not intuitively obvious; 
for instance, pneumothorax as the initial presentation has been associated with 
favourable outcome [44, 129] while airflow obstruction which is responsive to bron-
chodilators is associated with pulmonary function decline [132].

The LAM Foundation, a disease specific patient advocacy organisation estab-
lished in 1995, has been instrumental in accelerating advances in LAM.  A 
population-based study conducted on 410 patients with LAM registered with the 
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LAM Foundation has been influential in defining the prognostic indicators in this 
previously poorly classified condition [97]. A study by Oprescu et al using the LAM 
Foundation registry and the National Death Index at the Centers for Disease Control 
(CDC) validated the prolonged survival reported in a few recent studies, with 86% 
of patients surviving at least 10 years [97], and was the first to specifically report 
federally-compiled causes of death. Respiratory failure accounted for 4.12% of 
deaths, while pulmonary infection and pneumothorax accounted for 11.76% and 
2.94%, respectively [97]. While the 10-year survival was 86%, similar to previous 
Japanese and UK studies (76% and 91% respectively), the median survival was 
much better than previously estimated, with a median transplant-free survival of 
29 years from symptom onset and 23 years from diagnosis [97]. Analysis of a popu-
lation based cohort rather than a hospital and clinic based cohort is the likely expla-
nation for differences.

The importance of defining prognosis in LAM is vital in determining treatment 
options, especially as novel therapeutics have become available in the last decade 
[84]. The LAM Foundation assisted in the recruitment and operations of the 
Multicenter International LAM Efficacy of Sirolimus (MILES) Trial [84], a land-
mark study for LAM and for the greater rare disease community in terms of con-
ducting trials for orphan drug development. Sirolimus, which inhibits the mammalian 
target of rapamycin (mTOR) signalling pathway, was shown to significantly improve 
pulmonary function compared to placebo [84], as well as reduce blood levels of 
vascular endothelial growth factor D (VEGF-D), a lymphangiogenic growth factor 
[140], and improve quality of life in LAM patients. This trial raised additional ques-
tions about criteria for future patient selection, and the importance of identifying 
accurate prognostic factors and biomarkers to guide therapeutic decisions. Sirolimus 
has been demonstrated to improve CT measurements of gas trapping in LAM [4], 
and in a small study of 25 mild LAM patients with a history of chylothorax and/or 
lymphangioleiomyoma, to favorably impact the lymphatic manifestations of the 
disease [134]. VEGF-D has been demonstrated to perform well as a diagnostic, 
prognostic and predictive biomarker [84, 140]. This trial was conducted by the Rare 
Lung Diseases Consortium as an international, multicenter investigator initiated 
study without pharmaceutical company involvement in the conduct of the trial, and 
although not designed with a label change in mind, served as the sole basis for FDA 
approval.

The LAM Foundation has been cited as an ‘model to emulate’ by the New 
England Journal of Medicine [50] an exemplar among patient organisations that 
aspire to organize, support and educate those affected; to promote collaboration 
between the patient community, the NIH and medical researchers; and to fund the 
research that forms the basis for clinic trials. A decade of building and supporting a 
network of researchers and patients provided the platform for recruitment of patients 
for a pivotal, randomised control trial. Additionally, the LAM Foundation has iden-
tified specialty clinics around the world, which serve to focus care, nurture expertise 
and facilitate clinical trials.
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24.9  �Pulmonary Alveolar Proteinosis: Epidemiological 
Challenges and Opportunities to be Gained 
from Claims Databases

Another very rare lung disease that is instructive with respect to epidemiologic 
approaches is pulmonary alveolar proteinosis (PAP), a disease in which there have 
been great strides in our understanding of the natural history and molecular patho-
genesis over recent years. PAP is characterised by the accumulation of surfactant 
within alveolar macrophages and alveoli, resulting in restrictive lung disease, varying 
degrees of hypoxemia and respiratory insufficiency, and an increased risk of pulmo-
nary infection [124, 135]. PAP can be categorized as primary, secondary or congeni-
tal [114, 116]. The prevalence of primary or autoimmune PAP, which accounts for 
90% of all cases, had been historically estimated at approximately 0.5 per 100,000 
individuals [98, 135]. However, more recent data based on insurance sources suggest 
that the disorder may be tenfold more common than originally thought. The evolu-
tion in approaches to gathering epidemiologic data has been instructive.

The primary source of data regarding the clinical course and natural history of 
PAP has been large case series, including a meta-analysis by Seymour et al of 410 
cases from published literature [124]. Other sources have included multicentre 
series from Japan (n=248) [51], China (n=241) [138] and single centre reports from 
the US (n=34) [103], Germany (n=70) [10], Israel (n=15) [7] and Italy (n=81) [13]. 
While these studies have been crucial in defining the progression and response to 
treatment in PAP, they have likely underestimated the prevalence of this rare condi-
tion. While prevalence has been previously reported as 3.7–6.2 per million patients 
[7, 51, 124] this is likely an underestimate. Through the use of de-identified claims 
data acquired from the OptumInsight database, (Table 24.4) which include outpa-
tient, inpatient, emergency department and pharmacy dispensing data, we estimate 
that the prevalence of PAP at 6.87 per million. By identifying 164 newly diagnosed 
PAP patients who were continually enrolled with Optum for full medical and phar-
macy benefits and a control group of age/gender matched individuals followed for 
12 months, it was possible to define some features of the epidemiology of the dis-
ease. The prevalence was noted to increase with age, and the disease occurred 
equally in males and females with a bimodal peak at 45-54 years of age. Similar 
methods utilising the OptumInsight database have been employed to assess the 
long-term healthcare costs in IPF [28] .

Other sources of claims data are available and have been employed in a variety 
of diseases, both rare and common, to determine outcome and prevalence data. The 
National (Nationwide) Inpatient Sample (NIS) is a large inpatient care database in 
the US, containing data on more than seven million hospital stays, covering all pay-
ment sources. The large population size is ideal for determining prevalence esti-
mates, enabling analysis of rare diseases, and aiding in calculations of economic 
burden, mortality and other outcome measures for individual conditions [17, 133]. 
MarketScan is a collection of databases, containing healthcare claims information 
from large employers, managed care organisations, and Medicare and Medicaid 
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Table 24.4  Patient and claims databases useful for research

Database Brief Description

Centers for Medicare and Medicaid 
Services (CMS)

Quantitative information on Medicare and 
Medicaid programs

www.cms.gov/Research-Statistics-Data-
and-Systems/Research-Statistics-Data-and-
Systems.html

Medicare and Medicaid claims data

OptumInsight Contains de-identified claims data from 
commercially- insured patients from 2000 to 
present day.

www.optum.com/solutions/data-analytics.
html

Links administrative data with claims and lab 
results, anonymizing data at patient level.
Data set includes 8 million hospital claims, 
1.2 billion lab results, 1.3 billion prescription 
claims, 2.8 billion outpatient claims for a patient 
population aged 19 to 64. Data on more than 
90 million lives at any point and more than 
13 million current lives.

The Health Improvement Network 
(THIN)

Includes the general practice electronic 
longitudinal medical records for a sample of 
patients in the UK

www.inps.co.uk/vision/
health-improvement-network-thin

Useful for conducting long-term longitudinal 
observational studies.
There are over 12.3 million patient records with 
acceptable recorded data.
Population is representative of the national UK 
population in terms of age, gender, leading 
diagnoses and treatments.

The National Death Index (NDI) A centralized database of death record 
information maintained by the National Center 
for Health Statistics (NCHS) to aid 
epidemiologists and other investigators with 
mortality ascertainment activities.

www.cdc.gov/nchs/ndi/index.htm Death records are added annually, approximately 
12 months after the end of a particular calendar 
year.

The National (Nationwide) Inpatient 
Sample (NIS)

The largest all-payer inpatient care database in 
the US with data on more than 7 million hospital 
stays.

www.hcup-us.ahrq.gov/db/nation/nis/
nisdbdocumentation.jsp

Large sample size enables analyses of rare 
conditions, uncommon treatments, and special 
populations.

National Health Service Hospital 
Episode Statistics (HES)

Contains data on all admissions, outpatient 
appointments and emergency room attendances 
at National Health Service (NHS) hospitals in 
England.

www.digital.nhs.uk/hes HES processes over 125 million admitted patient, 
outpatient and emergency room records per year.
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programmes [1] which may also be useful in identifying rare disease prevalence and 
patterns. The Medicare database has been employed successfully to determine the 
prevalence of nontuberculous mycobacteria (NTM), a rare pulmonary infection, 
where an increasing prevalence rate was identified in a sample comprising 5% of 
Medicare beneficiaries over a 10 year period from 1997-2007, increasing from 20 to 
47 cases per 100,000 individuals [2]. These databases are ideal sources to study rare 
disease, and are especially powerful in combination with registry and patient foun-
dation data. Linking of society and registry data with claims databases has been 
useful in the facilitation of long term study in other fields [53], and hence similar 
links could be beneficial to rare lung disease research. (Table 24.4)

24.10  �The Future of Rare Lung Disease: Registries 
and Foundations to Facilitate Research

The significant growth in the knowledge of rare diseases in general and the astound-
ing progress in select conditions, including IPF, CF and LAM in particular, bodes 
well for future advances in rare lung diseases. The collaboration of researchers, 
expert clinicians, patient organisations and registries has made possible the huge 
leaps in understanding and therapeutic options; highlighting the value of collabora-
tive approaches in rare diseases. Lessons learned from trial design and quality 
improvement in smaller populations, are often instructive for other disease com-
munities. The excellent results of the CF Foundation, Alpha 1 Foundation and the 
LAM Foundation in educating, supporting and organizing patients, facilitating clin-
ical trials through recruitment and direct participation in study operations, and fund-
ing research has proven to be a pivotal component of improving outcomes of patients 
with these conditions [39, 84, 112]. Through advocacy, optimization of resources, 
networking, coordination and development of registries, the conduct of clinical 
studies that have impact are uniquely possible in rare diseases. Similar cohesive 
strategies are required in other rare conditions including the ultra-rare disorders; but 
will require collaborative approaches to develop multicentre networks and expert-
led clinics. The LAM Foundation and the Rare Lung Diseases Consortium, a net-
work supported by the National Center for Accelerating Translational Research, are 
attempting to do just that using the platform of special centers for the care of LAM 
patients. The LAM Foundation and the RLDC have invited over a dozen rare lung 
disease communities to refer their patients to the LAM Clinics, now dubbed RLDC 
clinics. Recently, the third annual RLDC Conference was hosted by the RLDC and 
the LAM Foundation in Cincinnati, with 472 attendees from 35 states and 20 coun-
tries represented, from over a dozen rare lung disease communities and advocacy 
organizations. This collaborative approach to clinical care and conferences focuses 
rare lung disease patients to a limited number of academic health centers within 
major cities, nurtures expertise, improves quality and consistency of care, and 
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facilitates clinical trials. In this way, rare lung diseases are pooling resources and 
enabling breakthroughs in even the rarest of members.

In summary, studying the epidemiology of rare lung disease has historically been 
difficult and has produced mixed results, but the dawn of the information era is 
revolutionizing our approaches and expanding our opportunities. Models of suc-
cessful registries and clinical studies by some of the rarest of diseases are available 
for adoption by other disease communities, including the common disorders, and 
promise to improve care and lead to new therapeutic options.
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