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Are patients with coeliac disease at higher risk of tuberculosis?

O
n the basis of screening studies on
healthy volunteers, coeliac disease
is now recognised to affect 1% of

the population.1 The current optimal
serological testing for coeliac disease
may be immunoglobin (Ig)A endomysial,
IgA tissue transglutaminase or a combi-
nation of the two, with a positive pre-
dictive value in excess of 95% provided
IgA deficiency is excluded. Patients with
positive serology then require an endo-
scopic duodenal biopsy to confirm the
presence of villous atrophy and thus a
firm diagnosis of coeliac disease. A link
between coeliac disease and tuberculosis
was first suggested as far back as 1952,
but there has been a paucity of data
exploring this relationship other than
case reports and case series.2 The initial
focus was on gastrointestinal tuberculosis
being one of the differential diagnoses for
villous atrophy of the small bowel.
However, in 1988 a report from
Birmingham, UK, suggested that patients
with coeliac disease seemed to have an
increased prevalence of tuberculosis (6/76
patients with coeliac disease reporting a
history of tuberculosis).3

The Swedish study reported in this
edition of Thorax explores this overlap/
relationship in greater detail. Ludvigsson
et al4 (see p 23) investigated the risk of
tuberculosis in 14 335 patients with
coeliac disease and made comparisons
against 69 888 matched individuals in a
general population-based cohort study.
Patients with coeliac disease were
reported to have an increased risk of
subsequent tuberculosis (HR 3.74, 95% CI
2.14 to 6.53, p,0.001). This epidemiolo-
gical study is fairly robust and reflects the
strengths of medical data collection in
Sweden as a result of the Swedish
National In-Patient Register. The findings
of this study are, however, limited by the
fact that only 24 actual patients with
coeliac disease (24/14 335) developed
tuberculosis. In the context of a large
database study, this observation is a
positive statistical finding but identifies
a small increase in absolute risk. A caveat,
however, is that patients with tuberculo-
sis were ascertained by hospitalisation for

this condition, so that some clinically
relevant cases might be missed.
Importantly, Ludvigsson et al4 have looked
for an association of coeliac disease with
only one respiratory condition rather than
many. In the past others have explored
the positive associations between coeliac
disease and a variety of respiratory con-
ditions such as sarcoidosis and pulmon-
ary fibrosis.5–12 This study would thus
have been strengthened by study of other
infectious and inflammatory lung dis-
eases, such as pneumonia for example,
that may not be associated. This would
support the view of a mechanistic basis
for an association between coeliac disease
and tuberculosis, and also persuade read-
ers that the observed association is not
simply due to ascertainment bias, that is,
that individuals admitted to hospital for
one condition, coeliac disease, may then
acquire additional diagnoses more fre-
quently than their control population. The
authors make rather a leap of faith from
finding an association to assuming it is
causal and then speculating on a
mechanism.

If their finding is indeed a causal
relationship, why should patients with
coeliac disease be more susceptible to
tuberculosis? The authors speculate that
this may be related to malabsorption of
vitamin D. Vitamin D was recently shown
to upregulate antimicrobial peptides such
as LL-37, which are implicated in intra-
cellular killing of Mycobacterium tuberculo-
sis.13 Vitamin D can also induce nitric
oxide synthase in macrophages, which
again may suppress growth of M tubercu-
losis.14 An alternative possibility is that the
HLA-DQ2 haplotype, which is strongly
linked to coeliac disease, is associated
with specific alleles of HLA class I and II
molecules as well as with genes for
tumour necrosis factor (TNF) a and
complement factors C2 and C4. TNF a
polymorphisms may regulate host
responses in tuberculosis, although coe-
liac disease is associated with the TNF-
308A promoter polymorphism that may
protect against tuberculosis.15 The C2 and
C4 molecules are also polymorphic and,
as the authors suggest, perhaps a variant

C2 allele may promote tuberculosis infec-
tion in a subgroup of patients.16 Further
investigation of these complex haplotypes
could provide biological evidence of the
relationship between coeliac disease and
tuberculosis, or further insight into the
pathogenesis of either condition. At a
clinical level, a serological study on the
prevalence of coeliac disease in patients
with tuberculosis might also serve to
establish whether there is a relationship
between these two disease processes.

How does this study change clinical
practice? The findings would be unlikely
to lower the threshold for investigating
patients with coeliac disease for tubercu-
losis, given the relatively small number of
actual cases reported. What can perhaps
be inferred from this study is that, if a
relationship between coeliac disease and
tuberculosis is confirmed in further stu-
dies, then clinicians should consider
serological testing for coeliac disease in
those patients with tuberculosis who
have gastrointestinal symptoms or appar-
ent drug resistance.17
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Surveillance programmes for patients with high-grade lesions,
which may progress to invasive cancer, will require tissue archives
for histology and cooperation and collaboration of participating
centres

L
ung cancer remains the leading cause
of death due to cancer in both men
and women in several countries. Most

patients with lung cancer present with
non-specific symptoms such as cough,
dyspnoea or haemoptysis and have late-
stage disease at the time of diagnosis.
Treatment strategies are thus often pal-
liative rather than curative. Early detec-
tion trials using routine chest
roentgenograms and sputum cytology
have shown that cancers can be detected
at earlier stages but the overall mortality
from lung cancer was not improved. With
new technology developments, such as
low-dose computed tomography and
fluorescence bronchoscopy, comes new
hope that early detection may in fact
change this pattern.

Squamous cell carcinoma, although no
longer the most common type of lung
cancer, remains a major problem,
accounting for 17–29% of lung cancers.1

Studies on sputum cytology showed that
11% of individuals with moderate dyspla-
sia and 19–46% with severe dysplasia
progressed to squamous cell cancers.
Once detected, localisation of these early
lesions was not easy using conventional
white-light bronchoscopy. Thus, fluores-
cence bronchoscopy systems were devel-
oped to improve the detection of
preinvasive and invasive lesions of the
central airways. Several studies showed
the improved detection of both preinva-
sive and invasive cancers using fluores-
cence bronchoscopy compared with
white-light bronchoscopy alone.2–5 As
often happens, however, many new ques-
tions have surfaced as more patients are
found to have these preinvasive lesions.

For example, what should be done with a
patient who has an abnormal area show-
ing carcinoma in situ on a biopsy speci-
men? Several studies have suggested that
the carcinoma in situ, if left alone, will
progress to invasive cancer and should be
treated.6 7 What about a patient with
severe dysplasia? Here the data suggest
that the rate of progression to invasive
cancer is much less but sufficiently high
for these patients to be followed-up.8 9

But do we really know the natural history
of these lesions?

In this issue of Thorax, George et al10

(see p 43) have presented their work on
22 patients with either previous lung
cancer, asbestos exposure or known
chronic obstructive pulmonary disease.
Fifty one lesions were identified using
fluorescence bronchoscopy. High-grade
lesions included seven classified as severe
dysplasia, 28 as carcinoma in situ and 16
as low-grade lesions of mild or moderate
dysplasia. These patients were followed
up for a median of 23 months (range 12–
85 months). Indolence or regression was
observed in 83% of the high-grade lesions
and no progression was seen in any of the
low-grade lesions. However, five patients
with high-grade lesions subsequently
developed cancers that were detected by
computed tomography during their fol-
low-up.

What can be learned from the work by
George et al?10 Their data do not change
the current practice that patients with
carcinoma in situ should receive treat-
ment. Surgical resection remains the
standard treatment, but local treatment
such as photodynamic therapy or argon
plasma coagulation could be an option if

carried out in a clinical trial.11 For patients
who are not surgical candidates either
because of poor pulmonary function or
other comorbidities, local treatment has
been shown to be a reasonable option.12–14

What about those patients with severe
dysplasia? The experience presented by
George et al10 shows that these patients
are at high risk for developing an invasive
cancer. In this population, surveillance is
important with both fluorescence
bronchoscopy and with computed tomo-
graphy of the chest.

As we look to the future many gaps
remain in our understanding of the
natural history of squamous cell carci-
noma, and lung cancer in general. Studies
such as the one by George et al10 have
again shown that there are subsets of
patients with high-grade lesions that
progress to invasive cancers and others
that do not. This shows the need for
reliable markers in tumour biology.
George et al10 point out that surveillance
programmes need to include tissue
archives of blood, sputum and bronchial
specimens, thus enabling studies on
histologically identical lesions with dif-
ferent clinical outcomes. This work will
require the cooperation and collaboration
of many centres involved in surveillance
programmes.
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The term ‘‘cryptogenic fibrosing alveolitis’’should now be used as
strictly synonymous with ‘‘idiopathic pulmonary fibrosis’’

A
rcane diagnostic labels bother clin-
icians. The diffuse lung disease
lexicon is a notorious example.

For decades, ‘‘diffuse lung disease speak’’
consisted of an unholy mix of histopatho-
logical and clinical terms, varying
between countries, within countries and
even between medical teams in the same
hospital. Radical change was required
and proposals were advanced in a joint
American Thoracic Society and European
Respiratory Society (ATS/ERS) initiative.
Terminology for idiopathic interstitial
pneumonia was distilled by a core group
of clinicians, radiologists and patholo-
gists, and this was then circulated to a
larger group of international reviewers
and published in 2002.1 The final con-
sensus classification was not, at first
sight, straightforward to apply. Indeed,
the amorphous entity of ‘‘non-specific
interstitial pneumonia’’ (NSIP) continues
to vex clinicians and requires further
subclassification. However, teething pro-
blems aside, the ATS/ERS initiative has
been an outstanding success. Clinicians
and researchers worldwide now under-
stand each other better than before. The
recent move towards large multicentre
treatment studies in idiopathic pulmon-
ary fibrosis (IPF), itself a revolution in
slow motion, was made possible, in no
small part, by this standardisation of
terminology and disease definitions.

As the terminology has changed, the
article by Rudd et al2 in the current issue
of Thorax (see p 67) is likely to pose
difficulties for some non-UK readers. The
authors have studied ‘‘cryptogenic fibros-
ing alveolitis’’ (CFA) as a clinical pre-
sentation, as used historically in the UK.
The diagnostic criteria, consisting of

compatible radiographic, pulmonary
function and clinical findings, in the
absence of an overt environmental or
autoimmune cause, are highly non-spe-
cific: compatible, also, with idiopathic
interstitial pneumonias other than IPF
and a subgroup of patients with hyper-
sensitivity pneumonitis. By contrast, in
the ATS/ERS classification,1 3 CFA is
explicitly synonymous with IPF, as
defined at biopsy or using high resolution
computed tomography (HRCT) criteria,
with typical clinical features also
required, and this is now accepted inter-
nationally. Rudd et al2 discuss this issue in
their methods section. However, their
definition of CFA, as corresponding to
‘‘idiopathic pulmonary fibrosis in US
terminology’’, is no longer correct using
the current classification and, in reality,
was probably never correct. In historical
US series, the diagnosis of IPF was wholly
or largely based on histopathological
data; the application of ATS criteria
essentially involved reclassifying NSIP
cases and a small number of other
disorders.4 By contrast, the historical UK
entity of CFA was diagnosed at surgical
biopsy in only 12% of cases in the early
1990s,5 and a large number of disorders
other than IPF were necessarily included.
Thus, the current British Thoracic Society
(BTS) study is nothing more or less than
a study of a non-specific clinical presen-
tation, and unless this is understood, the
findings will be misinterpreted.

The presence of two very different
entities in the current medical literature,
both termed CFA, cannot be a good thing.
However, in their use of historical termi-
nology, Rudd et al2 perhaps imply that
something nosologically important has

been lost. The concept of a ‘‘CFA’’
presentation is undoubtedly useful. The
typical clinical picture is readily recog-
nised in the outpatient clinic, even before
tests such as HRCT. A ‘‘CFA’’ presentation
is a key starting point in the personal
diagnostic algorithms of many experi-
enced clinicians. Furthermore, knowledge
of a clinical picture of ‘‘CFA’’ informs
prognostic evaluation. It is increasingly
clear that the histological pattern of NSIP
is associated with several distinct clin-
icoradiological entities, with HRCT and
clinical findings often those of organising
pneumonia with fibrosis6 or hypersensi-
tivity pneumonia.7 However, the good
outcome in these subgroups contrasts
with outcomes in patients with idiopathic
NSIP with a ‘‘CFA’’ clinical presentation:
although prolonged survival is sometimes
attainable, a poor IPF-like outcome is
equally common, despite aggressive treat-
ment.8 A frank admission that the prog-
nosis is uncertain is crucial if therapeutic
options are to be discussed with patients
in an informed manner.

Perhaps more importantly, a ‘‘CFA’’
presentation has been, and is, indispen-
sable for epidemiological work. It is
simply unrealistic to require the applica-
tion of formal ATS/ERS criteria for IPF,
including HRCT, biopsy and bronchoal-
veolar lavage findings, in studies of the
prevalence and spectrum of disease out-
side referral centres. An inclusive
approach is required—in other words, a
clinical diagnosis is necessary.
Epidemiological work on diffuse lung
disease is vital. The track record of public
funding bodies (such as the Medical
Research Council) in supporting thera-
peutic studies of diffuse lung disease is
poor, partly because of a lingering percep-
tion that IPF is an uncommon disease
confined to referral centres. Studies to
establish the true impact of diffuse lung
disease outside specialist units are parti-
cularly important in disorders that are
strikingly more prevalent with increasing
age, but this view was, perhaps, under-
represented in the ATS/ERS deliberations.
The redefinition of CFA as synonymous
with IPF has effectively disenfranchised
epidemiologists, who, it could be argued,
now have to study a disorder without a
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name. It is hardly surprising that some
researchers in the field are disenchanted
with the ATS/ERS classification and cling
to the terminology of the past century.

However, the needs of epidemiologists
are sometimes trumped by clinical
imperatives. Diagnostic separations are
valuable when they provide useful dis-
tinctions in the natural history and
treated course of disease. The ATS/ERS
consensus classification passes this test
with flying colours: fundamentally, diag-
nosis is prognosis. In a study of con-
secutive patients with a ‘‘CFA’’
presentation during the 1980s, who were
considered to have CFA at biopsy, reclas-
sification resulted in three broad patient
groups.8 Histological patterns of usual
interstitial pneumonia (denoting IPF),
fibrotic NSIP and a grouping of predomi-
nantly inflammatory disorders, seen in
45%, 35% and 20% of patients, were
associated with 6-year survival rates of
10%, 50% and 100%, respectively. It is
difficult to envisage a more definitive
prognostic separation. Thus, the applica-
tion of the ATS/ERS system identifies
separate patient subsets with survival
rates broadly similar to those of patients
with lung cancer, breast cancer and basal
cell carcinoma of the skin. Thus far,
cancer specialists have resisted the temp-
tation to amalgamate these into ‘‘crypto-
genic cancer’’. In diffuse lung disease, as
in oncological practice, diagnostic distinc-
tions can sometimes be difficult in
individual patients, with interobserver
and intraobserver diagnostic variation,9 10

and diagnostic overlap between the clas-
sic entities,11 both recognised problems.
However, even without good understand-
ing of the entity with which one is
dealing, diagnostic distinctions are worth
pursuing because they allow informed
discussion of treatment goals as well as
accurate management. In idiopathic
interstitial pneumonia, accurate diagnosis,
which can often be based on appearances
on HRCT rather than histopathological
findings, distinguishes between inexorably
progressive fibrosis (IPF), indolent fibrosis
that sometimes has a good treated outcome
(fibrotic NSIP) and the remaining inflam-
matory disorders that often do well with
relatively restrained levels of treatment. To
fail to make these distinctions is to play dice
with patient management. ‘‘Presentation
with CFA’’ is no longer an acceptable final
diagnosis.

The counter-argument is that idio-
pathic interstitial pneumonias other than
IPF are vanishingly rare in non-referral
populations, and therefore have little or
no relevance in routine practice. This
contention, used to justify retention of
the term ‘‘CFA’’ in its historical sense, is
based on the more advanced age of non-
referral populations and the observation
of a somewhat lower prevalence of NSIP
in older patients in some series from
specialist centres. However, the trend has
not, in reality, been properly quantified
and there is a pressing need for further
studies of this question in unselected
populations, perhaps based on appear-
ances on HRCT rather than histopatholo-
gical findings. The data of Rudd et al2 are
instructive because they provide strong
indirect evidence that a substantial min-
ority of patients with ‘‘CFA’’ do, in fact,
have disorders other than IPF. A response
to treatment, as judged by marked
increases in pulmonary function indices,
was seen in 35% of patients, a figure that
uncannily resembles the response rate
reported in the histopathological study
discussed earlier,8 in which ,50% of
patients had IPF. By contrast, responsive-
ness seldom exceeds 10% in studies of IPF
in the post-ATS/ERS classification era.
The mortality data in the BTS study is
also persuasive. Subsequent to the ATS/
ERS classification, outcomes of patients
treated for IPF have been evaluated
against age stratification in only one large
cohort12; in patients aged >70, the 4-year
survival of 15% is substantially lower
than the 4-year survival of 40% in the
BTS cohort. Taken together, the response
rates and mortality data in the BTS study
are highly suggestive of a large subgroup
of patients with interstitial pneumonias
other than IPF (including undiagnosed
hypersensitivity pneumonia), who are not
best served by an indiscriminate final
diagnosis of ‘‘CFA’’.

It is unrealistic to hope to rehabilitate
historical terms when a new classification
is, in effect, written in marble—minor
refinement aside, the ATS/ERS classifica-
tion of the idiopathic interstitial pneumo-
nias is here to stay. For clarity of thought,
the term ‘‘CFA’’ should now be used as
strictly synonymous with IPF, as cur-
rently defined using HRCT or biopsy
criteria, in the correct clinical context.
The creation of a new term such as
‘‘CFA clinical syndrome’’, for use by

epidemiologists in studies of pulmonary
fibrosis, is now absolutely necessary. It is
time to move on.
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Respiratory diseases are placing an increasing burden on the UK
health system

I
n the past, respiratory research has
proved itself effective in vanquishing
major killers such as tuberculosis,

transforming the lives of patients with
asthma and developing life-saving non-
invasive ventilation for those with
chronic respiratory failure. Now, new
problems affect our patients with respira-
tory diseases and present an enormous
burden of ill health that we are currently
ill equipped to deal with. The second
edition of the Burden of lung disease was
published by the British Thoracic Society
in June 20061; it documents that respira-
tory diseases now kill one in five people in
the UK, with the standardised mortality
ratio for respiratory diseases showing a
threefold difference across social classes.
More people die from respiratory disease
than from ischaemic heart disease.
Respiratory diseases are the most com-
mon cause of long-term illness in chil-
dren, result in the highest levels of
consultations with general practitioners
and are the second most common reason
for emergency hospital admission.
Examples of the severity of the situation
from UK statistics are as follows:

N respiratory disease kills one in five
people

N respiratory disease has the steepest
socio-economic mortality gradient of
any disease area

N respiratory disease is the most com-
mon reason for general practitioner
consultation

N the only countries in Europe with a
worse mortality rate from respiratory
disease than the UK are Ireland, Malta,
Kyrgyzstan, Tajikistan, Kazakhstan,
Uzbekistan and the Republic of Moldova

N 5-year survival from lung cancer is
,8% (only pancreas is worse, 7000
cases/year)

N asthma is the most common chronic
illness in children and pregnant women

N there are 10 000 new cases of inter-
stitial lung disease a year.

Although research has undoubtedly
contributed to a greater understanding
of disease mechanisms, epidemiology,

diagnosis and treatment when compared
with other specialities, progress has been
slow. In the past 20 years, relative under-
funding has meant that there has been
less progress. One result of this is that the
number of trainees pursuing a career in
respiratory research has fallen to a dan-
gerous level, and our ability to exploit the
enormous diagnostic and treatment
potential of recent advances in biology
has been compromised.

This initiative is part of a process
designed to change the situation. A broad
coalition of groups with an interest in
respiratory disease from childhood to old
age has come together to develop a
common list of priorities that identify
those areas where more knowledge is
urgently needed.

In October 2005, a large proportion of
the respiratory researchers in the UK and
those involved in supporting research
(Medical Research Council, Wellcome
Trust, Department of Health, British
Lung Foundation and Asthma UK) and
the professional societies (British
Thoracic Society, British Association for
Lung Research and the British Paediatric
Respiratory Research Society) convened a
workshop in which the current state of
respiratory research was reviewed and
possible mechanisms were discussed to
consider how the capacity could be built.
The first step was to identify the major
priorities for research in the near future
and then to bring together the various
research funders to see how these could
be used to help rebuild the capacity. A
further highly interactive workshop
involving both researchers and funders
led to a consensus over those areas where
initial effort should be focused. The seven
themes that emerged are presented, not
in any order of priority.

EARLY LIFE EVENTS:
DEVELOPMENT AND LUNG
AGEING
Interactions between maturation of
immune function and lung growth con-
tribute to the development of airway
disease. Both are subject to genetic con-
trol, and recent interest has focused on

genes that regulate lung and airway
development. The premise that host
response to microbial stimuli has altered
as a result of changes in the nature,
timing or dose of the signals received has
gained much attention, but there remains
the possibility that changes in the host
response are secondary to programming
of the immune system by early environ-
mental influences. Two specific areas of
interest are the role of pattern recognition
(eg, Toll-like receptors and regulatory T
cells) in generating antiviral responses in
the respiratory tract, and the occurrence
and relevance of airway injury and
remodelling to disease. One of the great-
est challenges will be to identify, with
confidence, those infants who have or
will go on to develop airway disease in
later childhood or adulthood. Several
obstacles are yet to be overcome. We
know relatively little about the natural
history of the intrauterine and immediate
postnatal development of the respiratory
tract and immune system. Access to
peripheral blood or biopsy specimens is
severely limited. Measurement of lung
function in the very young is also
difficult. The ideal technique should have
easily transferable technology that is cost
effective so that large numbers of chil-
dren can be studied. Liaison with engi-
neers and nano technologists will be
helpful to develop novel approaches.
Lung diseases may develop, persist, remit
or relapse during adolescence and adult-
hood, and decline in lung function in
adults may be mediated by early life
events, but the determination of these
outcomes is poorly understood. We need
to study the interplay of genetic and early
environmental factors that influence the
severity of asthma and cystic fibrosis and
increased susceptibility to chronic
obstructive pulmonary disease (COPD).
Changes in the immune system and host
response with increasing age may predis-
pose to malignancy and pulmonary fibro-
sis. Declining lung physiology may
precipitate disease, exacerbate existing
disease or contribute to disease in other
systems (eg, sleep disordered breathing,
cardiovascular disease and neurological
decline). An improved understanding of
development and remission should lead
to opportunities for prevention. A better
understanding of age-related responses to
pharmacotherapy may improve treat-
ment. Key research areas include the
natural history of early development of
the respiratory tract and immune system
and the techniques needed to understand
normal airway growth, development and
decline in health and disease. It is
important to define the normal ontogeny
of Toll-like receptors and immunoregula-
tory T cell function and how this changes
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with disease. A prospective birth cohort
using an appropriate intervention strat-
egy and including a placebo group could
provide an opportunity to do this. For
lung disease in adolescence and adult-
hood, there is a need to identify the
factors influencing development, remis-
sion, relapse, progression and severity of
airway disease, and with this under-
standing whether the natural history of
lung disease can be modified beneficially
by early life interventions.

AIRWAY DISEASE AND SLEEP
APNOEA SYNDROMES
Asthma, COPD and sleep apnoea syn-
dromes have major health consequences
and socioeconomic effects. Each of these
diseases is common and constitutes a
high proportion of the total respiratory
disease burden in the UK. On the basis of
recent national consultations, there are
major areas where further research could
enhance our understanding of the cause,
prevention and treatment of disease.
Advances in technologies ranging from
molecular to whole-body approaches cre-
ate unique opportunities to make sub-
stantial advances in knowledge of these
disorders. Key research questions include
identifying opportunities for the primary
and secondary prevention of acute
exacerbations and chronicity of lower
airway diseases, the identification of
genetic and epigenetic–environmental
interactions in susceptibility to all three
disorders, the application of pharmacoge-
netic approaches to improve clinical care
and the application of non-invasive ima-
ging and physiological techniques to
ascertain normal ontogeny, perturbations
in disease and improvement with treat-
ment. These could include the development
of technologies for assessing intrauterine
development of the lung and immune
system, measurement of lung functions
from birth to old age, assessment of
different lung compartments including air-
ways, parenchymal and vascular structures,
and involvement of the central and periph-
eral nervous system. In relation to the
application of new technologies and impact
evaluation, there is a requirement to
identify unmet clinical needs and for
targeted preventive and therapeutic strate-
gies, including palliative care for end-stage
disease, accompanied by appropriate out-
come measures to evaluate interventions.

RESPIRATORY INFECTIONS
Respiratory infections (excluding tuber-
culosis) account for .6% of the global
burden of human disease, causing more
morbidity and mortality than all cancers.
Poverty is associated with a .20-fold
increase in the relative burden of lung
infections, which disproportionately

affect the very young and very old. In
the USA, more is spent for research on
small pox (US$324 million in 2004) than
on lung infections (US$287 million); lung
infections receive only one tenth of the
funding provided for HIV/AIDS, which
causes a similar disease burden.2

More infections are spread via the
respiratory tract than by any other route.
Respiratory pathogens are responsible for
a huge worldwide disease burden; they
mutate fast, cross species barriers, threa-
ten patients with pre-existing lung dis-
eases, evade antimicrobial treatments and
respond rapidly to demographic and
economic change. Some (eg, tuberculosis)
are on the rise, whereas others (eg, severe
acute respiratory syndrome and ‘‘avian’’
influenza) are emerging threats to health
and prosperity. There is an urgent need
for new vaccines and antimicrobial drugs,
and for agents that beneficially modify
host immune responses. We need evi-
dence-based approaches to antimicrobial
prescribing and to identify situations
where combinations of drugs are
required. Unnecessary antimicrobial use
has led to major problems of antimicro-
bial resistance, side effects, patient
dependence and costs, especially in the
community. Appropriate, rational antimi-
crobial treatments are needed for patients
with mild infections. Key research areas
include the early ‘‘innate’’ response to
microbial invasion, the influence of these
responses on T cell and B cell immunity,
the role of overexuberant immunity in
causing disease and studies of immune
evasion, reinfection and persistence.
Other important topics include the effects
of genetic variation, infection history, co-
infections, immune immaturity and
senescence. We need a better under-
standing of the role of infections in
chronic inflammatory diseases.

LUNG CANCER
Lung cancer is the most common cause of
death from cancer for both men and
women in the UK. Its incidence is still
rising among women in Britain and will
reach epidemic proportions in the Far
East, as well as continue to rise in many
European countries for years to come. The
major cause, tobacco smoking, is well
established, and efforts continue to edu-
cate populations on the dangers of smok-
ing. This has had success, and, in the
USA, there are more lung cancers arising
in exsmokers than in current smokers.
Exposure to environmental tobacco
smoke is also linked to increased cancer,
and the success of campaigns to limit
smoking in public places is a real achieve-
ment.

An urgent need prevails to understand
the genetic and environmental factors for

susceptibility to lung cancer, as only a
small percentage of heavy smokers con-
tract the disease; the genetic predisposi-
tion to lung cancer has only just begun to
be studied. The late presentation of most
patients has made curative treatment
difficult, and studies looking at prognos-
tic symptoms and signs at presentation
have been unhelpful. Treatment of
advanced disease presentation (the great
majority of cases) is unlikely to have
much of an impact in the near future. Key
research areas include genetic and epige-
netic studies of susceptibility and pro-
gression; an understanding of how to
modify or halt tumour growth, and to
identify potential inhibitors of growth;
the application of improved technology to
identify cancers earlier and at a better
stage for potential cure; improve staging
of known disease to optimise current
available treatment; and evaluation of
the potential of screening high-risk popu-
lations. It is starkly obvious that current
treatments are totally inadequate.

LUNG INJURY, REPAIR AND
REGENERATION
The lung is uniquely vulnerable to injur-
ious agents both from the environment,
because it exposes a large surface area to
the air, and from within the body,
because the pulmonary vascular bed
receives the entire cardiac output. Tissue
injury and the resulting inflammation
and repair are processes that underlie
most lung diseases. Although the past
two decades have witnessed considerable
advances in understanding these pro-
cesses in disease pathogenesis, the
mechanisms involved in disease chroni-
city that are amenable to intervention are
largely unknown. Many lung diseases
involve complex combinations of epithe-
lial injury, vascular responses and aber-
rant repair, often in combination with
different types of inflammation. For most
chronic lung diseases, some understand-
ing has been gained of the cellular and
molecular mechanisms underlying dis-
ease pathogenesis, but often this knowl-
edge is incomplete and ‘‘downstream’’ of
the initiation by noxious agents. The
recent rapid development of new in vitro
technologies and integrative biological
approaches will greatly facilitate future
mechanistic studies. Key research areas
include the application of cell and mole-
cular approaches as well as genomics,
proteomics and metabolomics to identify
underlying mechanisms of lung injury,
inflammation and repair responses, with
a focus on understanding disease chroni-
city and tissue remodelling. The role of
embryonic and adult stem cells in lung
repair and regeneration is an important
area for study. There is a need to apply
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newer technologies to identify biomar-
kers of chronic disease and acute exacer-
bations, and to apply these to
epidemiological studies to gain a greater
understanding of how environmental and
other factors can influence the natural
history and disease prognosis. There is an
important requirement for improved ani-
mal models that better reflect chronic
lung disease in humans and that can be
applied to drug discovery.

PHENOTYPING RESPIRATORY
DISEASES
The heterogeneity in clinical features,
pathogenic processes and responses to
treatment between individuals with
respiratory disease is likely to be
explained largely by distinct phenotypes
that develop because of complex interac-
tions between genetic and environmental
factors. In the past, the classification of
respiratory disease was largely descrip-
tive, based on symptoms, signs and
general functional abnormalities that
grouped together individuals with diverse
phenotypes. In the future, the accurate
phenotyping of disease will have a major
effect on the management of respiratory
conditions and will lead to the ultimate
cure of specific diseases.

The emergence of new investigative
techniques, including genomics, proteo-
mics and non-invasive imaging, offers
exciting opportunities to classify respira-
tory diseases more accurately into distinct
phenotypes. This approach will help in
understanding the pathogenic processes
that lead to the initiation and progression
of disease, as well as to the development
of new targeted treatments. Accurate
phenotyping is also important for epide-
miological studies of causation, which
could lead to prevention. Advances in the
identification of specific phenotypes are
already being made in several respiratory
diseases. Key research areas include
determining which respiratory disease
phenotypes are important, how they are
identified in clinical practice, and their
implications for susceptibility, preven-
tion, diagnosis, treatment and prognosis
of disease.

DELIVERY OF CARE FOR LUNG
DISEASE
Eight million people in the UK have
respiratory disease. The medical manage-
ment of these patients is delivered in
primary, secondary and tertiary care by
consultants (who may be respiratory
physicians or specialists in other fields),
by hospital and community-based respira-
tory nurse specialists or practitioners, by

general practitioners (a minority of
whom may have a special interest in
respiratory medicine), by practice-based
nurses and healthcare assistants, and in
future by medical care practitioners.
There are also valuable contributions
from clinical scientists, pharmacists,
physiological measurement technicians,
respiratory physiotherapists and others.
How this care is delivered and in which
sector of the health service is subject to
only sporadic evaluation, with evalua-
tion often being undertaken by enthu-
siasts and with results that cannot
always be extrapolated elsewhere.
Unlike other specialities, respiratory
medicine encompasses a diverse range
of disorders. Although some are infec-
tious, short term and self-limiting, most
patients with respiratory disorders have
long-term non-communicable condi-
tions. Management of those with long-
term and disabling conditions should
recognise the dominant role of self-care
but all too often our patients are not
given the skills, training and education
they need to effectively self-manage
their conditions. Rigorous methods to
determine patient preferences, such as
discrete choice experiments, are rarely
used and benchmarking has not been
optimally used, especially in conjunction
with standards defined in guidelines.

Key research areas include the rigorous
study of outcomes for care delivered in
different arenas by different healthcare
professionals and by lay people, with such
evaluations including full health eco-
nomic evaluation and benchmarking
and educational requirements for health-
care providers (eg, outreach specialist
clinics, use of lay educators, nurse pre-
scribing, handover clinics for adolescents
with lung disease, nurse practitioner
clinics, the role of medical care practi-
tioners). This area is particularly impor-
tant in long-term respiratory disorders,
especially those affecting elderly people,
who often also have comorbidities. A
further important focus for future
research is the rigorous study of patient
preferences utilising, for example, dis-
crete choice experiments, especially for
long-term disorders where self-care is
vital. This should include factors that
influence adherence to treatment, such as
social needs. There is need for more
research to enhance the accurate diag-
nosis of diverse respiratory diseases,
many of which share symptoms with
disorders of other systems. Evaluations
of one-stop diagnostic centres and popu-
lation studies are needed to define accu-
rately the true burden and trends of

respiratory illness in the UK. This could
be achieved by the Health Survey of
England maintaining a focus on respira-
tory disease, and by monitoring quality
and outcomes framework data. For rarer
respiratory disorders, continuation and
extension of the British Thoracic Society
Orphan (Rare) Lung Disease project
would be desirable.

Strong social class and ethnic inequal-
ities are associated with some lung dis-
eases (eg, lung cancer, asthma,
tuberculosis and COPD). Research is
needed to determine how best to reduce
these differentials and to reduce inequal-
ities in smoking cessation. Some respira-
tory conditions are rare, entail high costs
and need specialist management. Many
others are managed in the community,
and there should be a focus on respiratory
networks to ensure an optimal research
environment to answer questions on the
prevention of respiratory disease and
optimal management. Rigorous evalua-
tion of the use of new technologies for
diagnostic and monitoring purposes is
needed—for example, exhaled nitric
oxide, telephone and email consultations,
and e-learning. Excellent guidelines exist
for most respiratory conditions, but
implementation is patchy. Evaluations of
optimal methods of teaching the correct
management of respiratory illness are
needed.

By focusing a multidisciplinary effort
involving researchers across the full range
of respiratory medicine and healthcare,
and combining resources from different
funders, hopefully, the poor state of
research in this major field of unmet
clinical need can be addressed, starting
with the rebuilding of capacity. A cadre of
new young researchers to drive forward
understanding and healthcare in lung
disease will provide a platform for the
subsequent development of this neglected
area of human illness. Although this was
a UK initiative, we believe that the
conclusions drawn are applicable to lung
disease in other countries.
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