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Abstract

The clinical effectiveness and cost-effectiveness of
treatments for idiopathic pulmonary fibrosis: a systematic
review and economic evaluation

Emma Loveman,'* Vicky R Copley,’ Jill Colquitt,” David A Scott,?
Andy Clegg,' Jeremy Jones,! Katherine MA O'Reilly,3 Sally Singh,*
Claudia Bausewein> and Athol Wells®

1Southampton Health Technology Assessments Centre, University of Southampton,

Southampton, UK

20xford Outcomes, Oxford, UK

3Department of Respiratory Medicine, Mater Misericordiae University Hospital, Dublin, Ireland
4Cardiac and Pulmonary Rehabilitation, University Hospitals of Leicester NHS Trust, Leicester, UK
5Department of Palliative Medicine, University Hospital of Munich, Munich, Germany
SInterstitial Lung Disease Unit, Royal Brompton and Harefield NHS Trust, London, UK

*Corresponding author emma.loveman@soton.ac.uk

Background: Idiopathic pulmonary fibrosis (IPF) is a life-limiting lung disease that generally affects people
over 60 years old. The main symptoms are shortness of breath and cough, and as the disease progresses
there is a considerable impact on day-to-day life. Few treatments are currently available.

Objectives: To conduct a systematic review of clinical effectiveness and an analysis of cost-effectiveness of
treatments for IPF based on an economic model informed by systematic reviews of cost-effectiveness and
quality of life.

Data sources: Eleven electronic bibliographic databases, including MEDLINE, EMBASE, Web of Science, and
The Cochrane Library and the Centre for Reviews and Dissemination databases, were searched from database
inception to July 2013. Reference lists of relevant publications were also checked and experts consulted.

Methods: Two reviewers independently screened references for the systematic reviews, extracted and
checked data from the included studies and appraised their risk of bias. An advisory group was consulted
about the choice of interventions until consensus was reached about eligibility. A narrative review with
meta-analysis was undertaken, and a network meta-analysis (NMA) was performed. A decision-analytic
Markov model was developed to estimate cost-effectiveness of pharmacological treatments for IPF.
Parameter values were obtained from NMA and systematic reviews. Univariate and probabilistic sensitivity
analyses were undertaken. The model perspective is NHS and Personal Social Services, and discount rate is
3.5% for costs and health benefits.

Results: Fourteen studies were included in the review of clinical effectiveness, of which one evaluated
azathioprine, three N-acetylcysteine (NAC) (alone or in combination), four pirfenidone, one BIBF 1120,
one sildenafil, one thalidomide, two pulmonary rehabilitation, and one a disease management
programme. Study quality was generally good, with a low risk of bias. The current evidence suggests

that some treatments appear to be clinically effective. The model base-case results show increased survival
for five pharmacological treatments, compared with best supportive care, at increased cost. General
recommendations cannot be made of their cost-effectiveness owing to limitations in the evidence base.
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ABSTRACT

Limitations: Few direct comparisons of treatments were identified. An indirect comparison through a
NMA was performed; however, caution is recommended in the interpretation of these results. In relation
to the economic model, there is an assumption that pharmacological treatments have a constant effect on
the relative rate of per cent predicted forced vital capacity decline.

Conclusions: Few interventions have any statistically significant effect on IPF and a lack of studies on
palliative care approaches was identified. Research is required into the effects of symptom control
interventions, in particular pulmonary rehabilitation and thalidomide. Other research priorities include a
well-conducted randomised controlled trial on inhaled NAC therapy and an updated evidence synthesis
once the results of ongoing studies are reported.

Study registration: This study is registered as PROSPERO CRD42012002116.

Funding: The National Institute for Health Research Health Technology Assessment programme.
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Plain English summary

diopathic pulmonary fibrosis (IPF) is a serious lung condition of unknown cause that scars and stiffens
the lung tissue; it generally affects people over 60 years old. The main symptoms are shortness of
breath and a cough, and as the disease progresses there is a considerable impact on day-to-day life.
Few treatments are available. We evaluated the benefits and harms of available treatments by considering
the most up-to-date, high-quality evidence, using a systematic approach. Searches for evidence from
11 databases were made and evidence was reviewed by two authors, using predefined criteria, to
consider its relevance. All included studies were assessed for their quality, and data from each study were
extracted into a standardised template. A narrative review and statistical methods to combine study data
were applied. A statistical model was developed to compare the cost-effectiveness of pharmacological
interventions for the treatment of IPF. Standard methods were used.

Fourteen studies were included in the review of clinical effectiveness. These evaluated six drugs and three
non-pharmacological interventions. Results were mixed. There are few treatments which have a significant
benefit. Harms from these treatments were not significant in most cases. Treatments are unlikely to

be considered cost-effective. There were few studies on interventions in symptom management and
palliative care. Further research is required in a number of areas including the effects of symptom control
interventions and an inhaled therapy. A number of ongoing studies are yet to report and these may
provide further evidence for the best approach to take for treating IPF.
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Scientific summary

Background

Idiopathic pulmonary fibrosis (IPF) is a serious lung disease, the exact cause of which is not known.

It generally affects people over 60 years of age and the main symptoms are shortness of breath and a
cough, which can have a considerable impact on day-to-day life. IPF was once thought to progress at

a steady, predictable rate, but it is now known that this is often not the case. Many people with IPF
deteriorate rapidly, while others have periods of relative stability. In general, people with IPF survive for
between 2 and 5 years. Evidence shows that the number of people with IPF is increasing, although the
reasons for this are unclear. IPF is a difficult condition to manage, particularly in the later stages. Few
treatments are available for IPF and none offers a cure. Treatments aim to reduce symptoms and improve
survival. The type of treatment offered can vary and with a number of new treatments emerging it is
timely to establish which are effective and provide the best value for money to the NHS.

Objectives

To evaluate the clinical effectiveness and cost-effectiveness of the different treatment strategies used within
the NHS for IPF through systematic reviews of the evidence for clinical effectiveness, cost-effectiveness and
quality of life (QoL), and economic modelling relevant to the UK setting to estimate the cost-effectiveness of
the different treatments.

Methods

Search strategies were developed and applied to 11 electronic bibliographic databases (including
The Cochrane Library, MEDLINE and EMBASE) from database inception to July 2013. Bibliographies
of retrieved papers were screened and experts contacted to identify any additional published and
unpublished references.

Titles and abstracts (where available) were screened for potential eligibility by two reviewers independently
using inclusion criteria that were defined a priori. Screening of the full text of retrieved papers was performed
by one reviewer and checked by a second. For the systematic review of clinical effectiveness, studies were
eligible for inclusion if the participants had a confirmed diagnosis of IPF and the interventions under study
were currently used to manage symptoms or modify IPF. Randomised controlled trials (RCTs) and controlled
clinical trials were eligible for inclusion. Data extraction and assessment of methodological quality were
undertaken by one reviewer and checked by a second. Differences in opinion were resolved through
discussion at each stage or consultation with a third reviewer if necessary. Data were synthesised through a
narrative review with tabulation of the results of included studies. Where appropriate, the studies were
combined in a meta-analysis and heterogeneity was assessed. A network meta-analysis (NMA) focusing on
pharmacological treatments for IPF and assessing forced vital capacity (FVC) end points was undertaken on
10 studies. The FVC end point was measured on two continuous scales and the NMA used the standardised
mean difference approach.

Systematic literature searches were undertaken to identify full economic evaluations of interventions

to manage IPF, and to assess the health-related quality of life (HRQoL) of people with IPF. Studies
reporting HRQoL in people with IPF were eligible for inclusion if they used either generic preference-based
measures or the St George's Hospital Respiratory Questionnaire, a disease-specific instrument used in IPF.
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Data were extracted in a standardised form by a health economist and checked by a systematic reviewer,
with any differences resolved through discussion.

A cost-utility decision-analytic model was developed to compare the cost-effectiveness of pharmacological
interventions for the treatment of IPF. The model incorporates three survival curves, which are used to
inform the probabilities of transition from three health states: unprogressed IPF, progressed IPF and lung
transplant. Treatment effects are obtained from NMA. Utility values are applied to the health states to
estimate total quality-adjusted life-years (QALYs). Costs are included for treatments, treatment monitoring,
acute exacerbations, lung transplant and adverse events. The outcome of the economic evaluation is
reported as cost per QALY gained.

Eight hundred and fourteen references were identified by searches for clinical effectiveness. Fourteen
studies were included, of which one evaluated azathioprine, three N-acetylcysteine (NAC) (alone or in
combination), four pirfenidone, one BIBF 1120 (nintedanib), one sildenafil, one thalidomide, two
pulmonary rehabilitation, and one a disease management programme. Study quality was generally
good with a low risk of bias; however, where there were areas of greater risk of bias, these have
been highlighted.

In patients with mild to moderate IPF, 10 studies evaluating five pharmacological interventions
(azathioprine, BIBF 1120, NAC, pirfenidone and thalidomide) were included. In a small RCT, treatment
with azathioprine and prednisolone led to an improvement in survival compared with placebo and
prednisolone when an age-adjusted analysis was used. There was no effect on lung function. This trial had
an unclear risk of bias and it is possible that the trial included participants who would have been diagnosed
with non-specific interstitial pneumonia, which may in part explain the treatment effect. Follow-up was

12 months. BIBF 1120 300 mg/day was more favourable than placebo on some measures of lung function,
rates of acute exacerbations and the number of deaths; however, the primary outcome of annual rate

of decline in FVC was not statistically significantly different between groups in this 54-month study.
Treatment with NAC was evaluated in three studies: in combination with azathioprine and prednisolone in
two and as a single agent in an inhaled format in one. Follow-up was approximately 12 months in these
studies. Study results were mixed, with no benefit from triple therapy on FVC compared with placebo

in one study; however, there was a benefit on vital capacity when compared with double therapy in
another study. Inhaled single-therapy NAC did not have a statistically significant effect compared with a
control. Secondary outcomes were reported, similarly with mixed results across the three studies. The two
studies with triple-therapy interventions had a low risk of bias; however, the study using nebulised NAC
had an unclear risk of bias. Pirfenidone was studied in four RCTs, and meta-analysis of FVC shows that
pirfenidone appears to demonstrate an effect when compared with placebo treatment. However, caution
is required in interpreting these data as the outcomes pooled were different, and as a consequence a
standardised mean difference analysis was undertaken; in addition, the timing of assessment of these
outcomes varied (from 48 weeks to 72 weeks). Results for secondary outcomes were generally seen to

be less favourable to pirfenidone. In a small crossover study, thalidomide appeared to improve cough,
cough-related quality life and respiratory-related Qol, compared with treatment with placebo.

One study assessed sildenafil for those with moderate to severe IPF; the participants in this study also

had evidence of pulmonary hypertension. Results on the primary outcome, a 20% improvement on the
6-minute walk test, were not statistically significant between the sildenafil and placebo groups. Results for
secondary outcomes were mixed, with some favourable to sildenafil and others favouring placebo. This
study followed participants for 12 weeks.

Adverse events from the pharmacological interventions were generally mild to moderate and were
reasonably well balanced between the treatments and the placebo arms across the studies, with the
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exception of thalidomide. Severe adverse events appeared to be more common in one study in those
treated with triple therapy.

Three studies evaluated non-pharmacological treatments for populations with IPF. Two compared
pulmonary rehabilitation with a control; the other compared a disease-management approach with a
control. Results are uncertain with regard to pulmonary rehabilitation as differences favouring the
intervention were seen for some outcomes but not others. The included studies had an uncertain risk

of bias and outcomes were assessed at 10 and 12 weeks in the two trials, respectively, immediately

after the cessation of the intervention. The third study reported limited evidence on the effects of a
disease-management programme in IPF: there were no statistically significant differences in dyspnoea, and
Qol results were mixed. This study has an uncertain risk of bias and follow-up was at 6 weeks, immediately
after the programme had completed.

The fixed-effects NMA found only BIBF 1120 and pirfenidone to have a statistically significant improvement
in FVC over placebo. A head-to-head comparison of BIBF 1120 versus pirfenidone showed a trend
favouring BIBF, but this was not statistically significant. Caution is required in the interpretation of the
results of the NMA.

One full economic evaluation of treatment for patients with IPF was identified. This examined the benefits
of a testing strategy prior to treatment with NAC triple therapy but did not examine the cost-effectiveness
of IPF treatment. The systematic review of QoL studies included 23 studies; results varied, but generally
appeared to show that IPF has an adverse effect on HRQoL compared with population norms, and that
HRQolL is likely be diminish as IPF becomes more severe.

The model base-case results show increased survival for five of the treatments compared with best supportive
care (BSC), at increased cost. Only one treatment, inhaled NAC, is cost-effective at a willingness-to-pay (WTP)
threshold of £30,000, but its treatment effect does not achieve statistical significance in either the single
primary study or the NMA. The treatment effect of inhaled NAC compared with BSC is associated with an
expected value of partial perfect information of £15.8M at a WTP threshold of £20,000.

Discussion and limitations

This evidence synthesis reports the clinical effectiveness and cost-effectiveness of a range of interventions
which are currently used, or proposed to be used, to manage IPF in the UK. No previous systematic reviews
have included all potentially relevant treatments for IPF, and there have been only limited economic
evaluations in this area. The results of this report complement recent national guidance in the UK. The
current evidence suggests that there are few treatments that have any effect on surrogate outcomes which
can be linked through evidence to patient-related outcomes such as mortality. There is a scarcity of studies
on interventions in symptom management and palliative care in IPF.

This evidence synthesis has been undertaken following the principles for conducting systematic reviews and
economic evaluations. Limitations to this evidence synthesis include there being few direct comparisons

of treatments identified. An indirect comparison through a NMA was performed; however, caution is
recommended in the interpretation of these results. In relation to the economic model, there is an
assumption that pharmacological treatments have a constant effect on the relative rate of FVC

percentage decline.

Research is required into the effects of symptom control interventions, in particular pulmonary
rehabilitation and thalidomide. Other research priorities include a well-conducted RCT on inhaled NAC
therapy and an updated evidence synthesis once the results of ongoing studies are reported.
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SCIENTIFIC SUMMARY

Conclusions

This evidence synthesis has identified limited evidence of the effectiveness of a number of available
treatments for IPF. Pirfenidone and BIBF 1120 appear to be clinically effective; however, general
recommendations cannot be made in terms of their cost-effectiveness owing to limitations in the
evidence base. Further research is required in a number of areas as outlined above.

Study registration

This study is registered as PROSPERO CRD42012002116.

Funding

Funding for this study was provided by the Health Technology Assessment programme of the National
Institute for Health Research.
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Chapter 1 Introduction

Background

Description of underlying health problem

Idiopathic pulmonary fibrosis (IPF) is a debilitating respiratory condition for which there is no cure. It is
characterised by diffuse scarring (fibrosis) and mild inflammation of the lung tissue, leading to a gradual
worsening of lung capacity. IPF is classed as an idiopathic interstitial pneumonia (lIP), which is a group of
interstitial lung diseases (ILDs) also known as diffuse parenchymal lung disease." IPF is the most common
type of IIP, accounting for over 50% of this category of lung disease.?

Initially believed to develop as a result of a chronic inflammatory process, the mechanism that results in IPF is now
more widely thought to be due to fibrotic processes involving the epithelial alveolar cells. The disease is thought
to arise as a result of recurrent injury to epithelial alveolar cells. Many different cells types have been implicated

in the development of IPF, including fibroblasts, myofibroblasts, alveolar macrophages and endothelial cells. IPF is
a disease characterised by aberrant wound healing in which excessive (and perhaps abnormal) extracellular
matrix is deposited in the lung, thereby distorting the architecture and disrupting function. This lung injury and
scarring eventually leads to a decline in lung function, which culminates in respiratory failure and death.*
Shortness of breath on exercise and a chronic dry cough are the prominent symptoms.’

The natural history of IPF is not fully understood. It is a progressive chronic condition and was once
thought to progress at a steady, predictable rate. However, this is often not the case, with many people
deteriorating rapidly and others having periods of relative stability in their condition.?® In some individuals,
unexpected deterioration can occur with a sudden worsening of symptoms and resultant hypoxaemia
(decreased partial pressure of oxygen in blood).?> These episodes are usually without clinically apparent
infection or other identifiable cause. Known as ‘acute exacerbations’, these are thought to occur in about
10-15% of cases and are often fatal episodes.®

Distinguishing IPF from other IIPs can be difficult as presentation can be similar. International consensus
statements published in 20007 and 20028 provided guidelines for the definition of IPF following the
identification of a new subgroup of ILD, non-specific interstitial pneumonia (NSIP), which had a
substantially better survival.” Prior to the identification of this group, some 20-35% of people diagnosed
as IPF would have had NSIP.2 although in older populations the relative likelihood of NSIP may be lower.
These guidelines also recognised that the term cryptogenic fibrosing alveolitis (CFA) was synonymous
with IPF.8 Prior to this, in the UK, the term CFA corresponded to a characteristic clinical presentation seen
in IPF but common also to other IIPs.? In 2011, a joint statement from the American Thoracic Society (ATS),
the European Respiratory Society (ERS), the Japanese Respiratory Society and the Latin-American Thoracic
Society (hereafter referred to as the ATS/ERS 2011 guideline for ease of reference) provided updated
guidance for the diagnosis of IPF (see Diagnosis).”® No changes to the definition of IPF were made in the
2011 guideline (see below for discussion of diagnostic criteria).

Idiopathic pulmonary fibrosis is known to affect males more than females and in particular affects those in
middle age. The disease is uncommon in people < 50 years of age,>'" and there is a peak prevalence

in the eighth decade. Factors associated with the condition, for which there is no known cause, include
cigarette smoking, environmental exposure, and possibly infective agents such as influenza, Epstein—Barr
virus and hepatitis C.” Older age, male gender and smoking are all associated with shorter survival times
(see Prognosis and progression).'
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The epidemiology of IPF is uncertain. Most estimates in the literature are based on populations aged

> 55 years and the number of incident cases of IPF appears to be increasing, although the reasons for
this are unclear.'* One particular difficulty with estimating the descriptive epidemiology of IPF is due to
the use of different case definitions for IPF. Many studies may not use the currently used definition of IPF
(based on ATS/ERS 2011 guidelines) and, as such, estimates may include people with other ILDs.

Large-scale population-based assessments of the epidemiology of IPF are limited; however, four published
studies have been identified which provide estimates of the incidence and/or prevalence of IPF. Two of
these are based on populations in the UK and two on populations in the USA.

In the UK, two studies have been published using data from The Health Improvement Network (THIN),
which is a longitudinal primary care database recorded by general practitioners as part of routine

clinical primary care. In the first of these studies, Gribbin and colleagues' used data from 1991 to
November 2004 from 255 general practices, which the authors state represented approximately 25% of
general practices that were using the particular primary care software at that time. The study identified
920 people over the age of 40 years who had received their first diagnosis of IPF during the period of
study. The study reports that participants with a clinical diagnosis of IPF were included but no definition
was provided. The mean age at presentation was 71 years and 62% were male. As seen in Table 1, the
overall crude incidence rate was 4.6 [95% confidence interval (Cl) 4.3 to 4.9] per 100,000 person-years.
Table 1 also shows that the incidence rates were generally higher in men than in women, and incidence
also increased with increasing age.

In the most recent study using data from THIN's database, Navaratnam and colleagues'® estimated
incidence rates of IPF from all information available in the database up until July 2009 and including

446 practices. The definition of a diagnosis of IPF was not provided and although authors note that the
diagnosis in the data sets has been validated, they also note that it is possible that some cases of other
fibrotic lung diseases may be included. Crude annual incidence rates were calculated stratified by sex and
age in 5-year age bands over the age of 55 years (see Table 7). After the exclusion of individuals with a
variety of comorbidities, the study identified 2074 incident cases during the period of study. This equated
to a crude overall incidence rate of 7.44 per 100,000 person-years (95% Cl 7.12 to 7.77). As in the
Gribbin study,” the authors found that the majority of incident cases were in men (63%) and that
incidence also generally increased with age.

Fernandez Pérez and colleagues' undertook a population-based historical cohort study in Olmsted County,
MN, USA, between 1997 and 2005. The study used the ATS/ERS 20022 consensus statement for the case
definition of IPF, with incidence rates calculated as of the date the patient met the criteria. Two sets of criteria
were used: a narrow criterion based on evidence of usual interstitial pneumonia (UIP) on surgical lung biopsy
or a definite pattern on high-resolution computed tomography (HRCT), and a broad criterion based on surgical
lung biopsy or a definite or possible pattern on HRCT. The age- and sex-adjusted incidence rate of IPF among
residents aged > 50 years using the narrow IPF criterion was 8.8 per 100,000 person-years (95% Cl 5.28 to
12.38 per 100,000 person-years). Using the broader criterion, the rates were estimated to be 17.43 cases per
100,000 person-years (95% Cl 12.42 to 22.44 cases per 100,000 person-years). Incidence rates were directly
adjusted for age, or age and sex, using the population structure of white persons in the USA in the year 2000.
The incidence rates were seen to be higher in men than in women and also generally higher in the older

age categories.

In a registry study using data from a large US health-care claims database (approximately 3 million people
in 20 states), Raghu and colleagues' also estimated incidence of IPF using a narrow and broad base
criteria. The broad criteria included all people aged > 18 years, who were eligible for health benefits, and
had had at least one medical appointment with an International Classification of Diseases (ICD) code for
IPF and no medical appointments with an ICD code for any other ILD. To meet the narrow case definition,
the person was required to satisfy the broad criteria and have had at least one surgical lung biopsy.
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TABLE 1 Estimated incidence rates of IPF from four population-based registry studies

UK-based

Gribbin et al. 2006"

Population-based cohort study

Population: from 255 general practices 1991 until November 2004
Incidence of IPF (95% Cl) per 100,000 person-years

Crude rate 4.6 (4.3 t04.9)
Men 5.69 (5.24 t0 6.18)
Women 3.44 (3.10 to 3.82)

Age (years)

<55 0.54 (0.43 to 0.67)
55-64.9 7.30 (6.27 to 8.50)
65-74.9 17.06 (15.20 to 19.14)
75-84.9 25.37 (22.67 to 28.40)
>85 22.37 (18.04 to 27.74)

Navaratnam et al. 2011"

Population-based cohort study

Population: from 446 general practices until July 2009
Incidence of IPF (95% Cl) per 100,000 person-years

Crude rate 7.44 (7.12t07.77)
Men 9.46 (8.96 to 9.98)
Women 5.46 (5.07 to 5.86)

Age (years)

<54 0.86 (0.75 to 1.00)
55-59 10.48 (9.06 to 12.13)
60-64 20.76 (18.34 to 23.50)
65-69 36.45 (32.99 to 40.27)
70-74 47.57 (43.26 t0 52.32)
75-79 47.38 (42.76 t0 52.49)
80-84 60.05 (52.47 to 68.73)
>85 34.82 (27.55 to 44.01)

USA-based

Fernandez Pérez et al. 2010™ Broad definition? Narrow definition®

Population-based cohort study

Population: 128,000 residents; 596 people initially thought to have IPF were screened from Olmsted County, MN, USA,
between 1997 and 2005

continued
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TABLE 1 Estimated incidence rates of IPF from four population-based registry studies (continued)

USA-based

Fernandez Pérez et al. 2010™ Broad definition® Narrow definition®

Incidence of IPF (95% ClI) per 100,000 person-years

Age- and sex-adjusted, aged > 50 years 17.43 (12.42 10 22.44) 8.8 (5.28 to 12.38)
Men, age-adjusted 24.02 (14.84 to 33.20) 13.38 (6.51 t0 20.24)
Women, age-adjusted 13.43 (7.50 to 19.37) 6.08 (2.08 to 10.08)

Age, men (years)

50-59 1.64 1.64

60-69 21.39 10.69
70-79 42.88 21.44
>80 66.02 41.26

Age, women (years)

50-59 1.55 1.55
60-69 12.44 4.98
70-79 36.79 16.72
>80 11.78 3.93

Raghu et al. 2006" Broad definition® Narrow definition®

Population-based cohort study

Population: from US health plan covering 20 states and approximately 3 million people, between 1996 and 2000
Incidence of IPF per 100,000
Age- and sex-adjusted 16.3 6.8

Age, men (years)

18-34 2.8 0.9
35-44 1.1 0.0
45-54 1.4 6.2
55-64 35.1 12.2
65-74 491 213
>75 97.6 385

Age, women (years)

18-34 0.0 0.0
35-44 5.4 45
45-54 109 5.4
55-64 22.6 9.9
65-74 36.0 16.6
>75 62.2 195

a Broad: usual interstitial pneumonia (UIP) on surgical lung biopsy or a definite or possible pattern on high-resolution
computed tomography; narrow: UIP on surgical lung biopsy or a definite pattern on high-resolution computed
tomography.

b Broad: aged > 18 years, eligible for health benefits, > 1 medical appointment with an International Classification of
Diseases (ICD) code for IPF and none with an ICD code for any other ILD; narrow: all of the broad criteria and
> one surgical lung biopsy.
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Data analysed were between 1996 and 2000 inclusive. Incidence rates were estimated by combining
age- and sex-specific rates from the study with population weights from the US census. In this study,
overall incidence rates for those diagnosed in 2000 were estimated to be 16.3 per 100,000 persons using
the broad case definition, and 6.8 per 100,000 persons using the narrow case definition. The study
demonstrated increasing incidence by age (see Table 7). Similar to other studies, incidence rates were also
generally higher in men than in women.

Overall, the estimates suggest an incidence rate in the region of approximately 4.6 to 8.8 per 100,000,
although this depends on the definitions of IPF used."*"'?

In the two UK-based studies, analyses confirmed that the incidence of IPF had increased over the two time
periods studied. In the Gribbin and colleagues'' study, after adjusting for age and sex, the annual increase
in incidence of IPF was estimated to be 11% (rate ratio 1.11, 95% CI 1.09 to 1.13; p < 0.0001). In the
Navartnam and colleagues™ study, after adjustment for age, sex and health authority, the estimated
annual increase in incidence was 5% (rate ratio 1.05, 95% Cl 1.03 to 1.06).

Prevalence

The two studies undertaken in the USA also reported estimated prevalence rates. Age- and sex-adjusted
prevalence rates among people aged > 50 years in the study undertaken in Olmsted county' was 27.9

(95% CI 10.4 to 45.4) cases per 100,000 people using the narrow criteria for IPF. For the broad criteria, the
estimated prevalence was 63 (95% Cl 36.4 to 89.6) cases per 100,000. In the Raghu study,' using data from
a health-care claims database, the prevalence of IPF was estimated to be 42.7 per 100,000 persons using the
broad definition, and 14.0 per 100,00 persons using the narrow definition. The prevalence was also seen to
increase with age and was generally higher in men than in women in this study. Overall estimates suggest
prevalence of between 14 and 30 per 100,000 persons when using a narrow definition for IPF.'41>

Mortality

Mortality rates were presented from the two UK studies using data from THIN's primary care database.'""?

In the Navaratnam and colleagues' study, data were also analysed from routine mortality data from the
Office for National Statistics (ONS) derived from death certificates in England and Wales between 1968 and
2008 and applied to the 2008 population. In the database cohort, the crude mortality rate was 228.8 per
1000 person-years (95% Cl 193.8 to 216.7 per 1000 person-years). From the routine mortality data, the
overall mortality rate standardised to the 2008 UK population over this period of time was 2.54 per 100,000
person-years (95% Cl 2.52 to 2.56 per 100,000 person-years). In the Gribbin study,'" the crude mortality rate
for people with IPF in THIN's database cohort was 180 per 1000 person-years (95% Cl 164 to 198 per

1000 person-years). In both studies mortality rates were higher in men and in older populations.

Prognosis and progression

The prognosis for individuals with IPF is poor.?2 Mean survival with IPF is generally estimated to be between
2 and 5 years from diagnosis."'® In the study by Navaratnam and colleagues,'® median survival was
estimated to be 3.03 years, with an estimated 5-year survival of 37%. The Gribbin and colleagues' study
showed the 3- and 5-year survival to be 57% and 43%, respectively.

The prognosis for an individual patient remains difficult to define and can be highly variable." Pulmonary
assessments can be useful to predict the course of the disease and which patients have a higher likelihood
of death within the next year.’® A decline in per cent predicted forced vital capacity (FVC) of at least 10%
in a 6-month period is associated with a nearly fivefold increase in the risk of mortality.’® From a single
time point other pulmonary function tests, such as the diffusing capacity of the lung for carbon monoxide
(DLco), and exercise tests such as the 6-minute walk test (6MWT), have also been shown to be useful
prognostic determinants in some studies.®

Acute exacerbations of IPF are also known to have an impact on the prognosis of IPF. These periods
of rapid deterioration of IPF without infection, pulmonary embolism or heart failure have an impact
on the overall survival of patients with IPF, with mortality possibly being as high as 75%.""""
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Although the evidence on the incidence and risk factors of acute exacerbation of IPF is limited, and varies
between studies, the incidence is thought to be in the region of 10-15%."%""° Risk factors for acute
exacerbations include a low FVC, DL, total lung capacity (TLC), and never having smoked."’

The presence of other comorbidities may also have an impact on the prognosis of IPF. Some evidence
supports the view that coexisting emphysema leads to a poorer prognosis.’>? Although the coexistence of
emphysema leads to a preserved lung volume, it also leads to an impaired diffusion capacity, and results

of studies suggest that the fibrosis is the dominant prognostic factor.? Rates of coexisting emphysema may
be as high as 30% in IPF."? Pulmonary hypertension has also been shown to be an important determinant
of disease outcomes in IPF."?' Pulmonary hypertension is characterised by increased pressure in the
pulmonary arteries, and most patients with end-stage disease have this.

While there is no optimal marker for disease severity, recent evidence supports the view that the per cent
predicted FVC can be useful to categorise people into three severity groups: mild, moderate and severe.
Caution is required in using these cut-offs because they do not take into account other patient factors
such as the existence of comorbidities; however, a crude categorisation is normal FVC (> 80% predicted),
mild (> 70%), moderate (55-69%), and severe (< 55%).2223

Presentation of an individual with IPF is often as a result of a gradual onset of shortness of breath on exertion.
This non-specific symptom can be wrongly attributed to the ageing process, emphysema, heart disease or a
respiratory tract infection, and therefore diagnosis can often be made some time after initial presentation.’ In
others, IPF is an incidental finding on a routine chest examination. Key symptoms of IPF include breathlessness
(dyspnoea), a non-productive (dry) cough, which can be paroxysmal (spasmodic) in nature, reduced exercise
tolerance and anxiety. In a retrospective review of 45 case notes of deceased patients, > 90% suffered

from breathlessness and 60% from cough.?* Other, less frequently documented symptoms were fatigue,
depression/anxiety and chest pain.?* Clark and colleagues® described a high prevalence of nocturnal
hypoxaemia with decreased energy levels and impaired daytime social and physical functioning.

Symptoms become progressively worse over time.! The irritating dry cough associated with IPF has a
significant impact on a patient’s life, leading to a reduced quality of life (QoL).* Finger clubbing is found in
approximately 50% of patients.” A progressive worsening of these symptoms, and deterioration in lung
function, increasingly limits normal physical activity, and the individual becomes more debilitated and
disabled.*'® The result of this is often an incremental shift to becoming housebound, dependent on others
for completion of normal activities, and dependent on oxygen therapy.? This leads to death from
respiratory failure or a complicating comorbidity.?

Breathlessness is one of the main distressing symptoms; however, no treatments aiming to modify the
disease process have been shown to improve breathlessness in IPF.%* Therefore, symptomatic treatment
is essential. Some IPF patients may need only short-burst oxygen initially for episodic breathlessness,

but many will need long-term oxygen therapy and ambulatory oxygen to maximise their QoL.?’ IPF is
recognised as a clinical indication for referral for home oxygen.?” If breathlessness continues to burden a
patient, opioids and benzodiazepines, often in combination, can be prescribed as for other patients with
breathlessness in advanced disease.?®

In a retrospective review of ILD patients, Bajwah and colleagues® noted that, beyond symptoms, there was
a lack of documentation of spiritual needs and little documentation of assessment for depression and
anxiety, or documentation of preferred place of care or preferred place of death. The authors commented
that it is likely that these issues occur in these patients.?

Many patients with IPF are admitted to hospital and hospices, although accurate data are scarce. Many

studies have small sample sizes and data available predominantly relate to hospitals. One recent study
undertaken in the USA followed 168 patients over a 76-week period and found that 23% of these were
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hospitalised for respiratory-related illnesses on a total of 57 occasions.?® The mean number of days stay in
hospital was 15 days, with the most common reason for hospitalisation being suspected infection. Data
from the UK suggest that in 2008-9 there were 9500 finished consultant episodes for people categorised
as ‘other interstitial pulmonary diseases with fibrosis’, with around 600 hospital admissions.>® The mean
length of stay for these people was 9 days.

Idiopathic pulmonary fibrosis is a difficult condition to manage, particularly in the later stages. Early and
accurate diagnosis is important to maximise the potential for a better outcome.

The 2011 ATS/ERS consensus statement for IPF'® states that ‘IPF should be considered in all adult patients
with unexplained slowly progressing exertional dyspnoea, and commonly presents with cough, bibasilar
inspiratory crackles, and finger clubbing’ (p. 792). Treatments for IPF predominantly aim to reduce the
decline in lung function and therefore early diagnosis is important to improve prognosis. Despite this, in
many cases, a diagnosis is made at the point where lung function abnormalities are more severe, with the
individual often having had asymptomatic disease progression for some years before.? One reason for this
is that the diagnosis of IPF is a challenge because there are no specific abnormalities on laboratory tests.
Tests which suggest an inflammatory response in an individual, such as erythrocyte sedimentation rate,
and rheumatoid factor, may be abnormal, but these are not specific to IPF. For the general practitioner,
the tests available, and the symptoms shown by the patient, could be indicative of a number of other
conditions. Guidelines for the diagnosis of IPF have, however, recently been produced in the UK by the
National Institute for Health and Care Excellence (NICE).?!

The gold-standard diagnosis of IPF requires precision and a multidisciplinary approach involving ILD
specialists, radiologists and pathologists."*3! Correlation of the clinical, radiological and histopathological
features increases the accuracy of an IPF diagnosis and is often made on an individual basis. Clinical
symptoms, findings on HRCT, and results of lung biopsy are taken in context with one another, especially
as results on each factor can sometimes be discordant. Although surgical lung biopsy is recommended to
confirm all suspected cases of IPF, in some settings surgical lung biopsy may not be required and the
diagnosis is made on clinical and HRCT findings alone. This is especially likely when the risks of a surgical
procedure are weighed up with the potential delay in diagnosis while awaiting a surgical lung biopsy.?

If surgical lung biopsy is used, biopsies from two locations are usually taken.

High-resolution computed tomography allows a detailed examination of the pulmonary parenchyma, and
estimates of diagnostic accuracy are thought to be high (specificity exceeding 90%). The primary role of
HRCT is to discriminate between typical IPF and other HRCT appearances, which may be indicative of other
ILDs but may also represent IPF with atypical HRCT appearances.’

In the recent guidelines,'®*' the recommendation for diagnosis requires exclusion of other known causes of
ILD (e.g. domestic and occupational environmental exposures, connective tissue disorders and drug toxicity);
the presence of a UIP pattern on HRCT in patients not undergoing surgical lung biopsy; and specific
combinations of HRCT and surgical lung biopsy pattern in patients undergoing surgical lung biopsy.°

The ATS/ERS consensus guideline provides details of the criteria for UIP based on HRCT and histopathology
(from surgical lung biopsy) in tabular form. The details for a definite UIP pattern on HRCT include
subpleural, basal predominance; reticular abnormality; honeycombing with or without traction
bronchiectasis. Findings for a judgement of ‘possible UIP pattern’ and an ‘inconsistent with UIP pattern’ are
also presented. Histopathological criteria for UIP pattern include evidence of marked fibrosis; presence

of patchy involvement of lung parenchyma by fibrosis; and presence of fibroblast foci. Findings for a
judgement of ‘probably UIP pattern’, ‘possible UIP pattern’ and ‘inconsistent with UIP pattern’ are also
presented. In addition, the guideline presents the specific combinations of HRCT and surgical lung biopsy
patterns expected to make a diagnosis of IPF, using the criteria set out for each method as summarised
above. These criteria are presented in Table 2.
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Combination of HRCT and surgical lung biopsy for the diagnosis of IPF

Surgical lung biopsy pattern (if performed)

UIP, probable UIP, Not UIP UIP, probable UIP Possible UIP, Not UIP ulP Probable UIP,
possible UIP, nonclassifiable possible UIP,
nonclassifiable fibrosis® nonclassifiable
fibrosis® fibrosis,” not UIP
Diagnosis of IPF

Yes No Yes Probable® No Possible® No

As discussed above, IPF is often misdiagnosed because the early manifestations of the disease are
non-specific. This can lead to significant delays between symptom presentation and the correct

diagnosis in a disease where diagnosing IPF at an early stage is important to maximise the potential

for treatment.?*3* In addition, the incorrect diagnosis can lead to initiation of ineffective or potentially
harmful treatments and delay the opportunity for possible lung transplant (discussed in Lung transplant,
below).* In some cases, the delay to diagnosis may be patient related, where individuals can be reluctant
to acknowledge the symptoms that they have and to seek help.?

Evidence suggests that longer delays in accessing specialist care in IPF are associated with a higher risk of
death.** A US-based cohort study of 418 adults referred to a tertiary centre found that a median delay
from symptoms to initial evaluation at the centre was 2.2 years.®* Longer delay was associated with an
increased risk of death, independent of age, sex and baseline FVC per cent predicted, with an adjusted
hazard ratio (HR) per doubling of delay to access of 1.3 (95% Cl 1.03 to 1.6). Results of a survey of
1251 IPF patients and 197 caregivers conducted in the USA found that 55% reported at least a 1-year
delay between initial presentation and diagnosis, with some 38% having been seen by three or more
physicians.®® Incorrect diagnoses included bronchitis, asthma, chronic obstructive pulmonary disease
(COPD), emphysema and heart disease. The study also found that 64% of responders agreed that there
was a lack of information and/or resources on IPF when they were diagnosed. Only half felt generally,
or well, informed about the treatment options available to them.

A European qualitative study of 45 IPF patients from five European countries found that the median
reported time from initial presentation with symptoms to diagnosis of IPF was 1.5 years.*® This ranged from
< 1 week to 12 years, and in 58% of cases the delay was > 1 year. Similar to the larger US-based survey,

a proportion of patients had consulted more than three physicians; in this study the rate was 55%. The
study also investigated feelings of satisfaction with medical care and information about IPF, and found this
was highest in those who received care at centres of excellence.

While these figures are based on studies which have small samples, and may not have participants who
are generalisable to those seen in the UK, the results suggest that a large proportion of patients
experience delays in obtaining a diagnosis, and it is not anticipated that these are significantly different
from what is experienced in the UK.
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The 2013 clinical guideline produced by NICE®' outlines the key clinical features to be used in primary care
to identify and assess possible IPF. The guideline recognises the fact that the initial assessment of these
individuals needs to be improved, to reduce the risk of delays in diagnosis and initiation of treatments,
including monitoring and best supportive care (BSC). The clinical features may include age > 45 years,
persistent breathlessness on exertion, persistent cough, bilateral inspiratory crackles and finger clubbing.
Spirometry may or may not be impaired. In cases of suspected IPF, people can then be referred to
secondary care for diagnosis and clinical management. The guideline states that the diagnosis should

be multidisciplinary at each stage of the diagnostic care pathway to include a consultant respiratory
physician, consultant radiologist and ILD specialist nurse. All patients should be given BSC from the point
of diagnosis, which includes information and support, symptom relief, management of comorbidities,
withdrawal of ineffective therapies and end-of-life care. In addition, individuals should be assessed

for pulmonary rehabilitation, if appropriate, and have a clinical nurse specialist available to them.

The guideline also recommends that lung transplantation in those without contraindications should be
considered between 3 and 6 months after diagnosis (or sooner if indicated clinically), with referral to
regional transplant units for assessment if appropriate.

Pulmonary rehabilitation

Individuals with ILD experience many of the same symptoms as those with COPD, commonly shortness
of breath, fatigue and reduced exercise tolerance. It would, therefore, seem a priority to address these
symptoms. Pulmonary rehabilitation is an established evidence-based intervention for individuals with
COPD, with the precise aims of reducing the physical and emotional impact of the disease on the
individual.*’” It is well documented that rehabilitation improves exercise capacity, dyspnoea and QoL.*’
The delivery of rehabilitation to individuals with COPD is advocated in national guidelines; however, until
the 2013 NICE guidelines this had not been extended to IPF.>' Many individuals are, therefore, currently
not offered pulmonary rehabilitation. Further details about the intervention itself can be found in
Description of technologies under assessment.

The referral to rehabilitation can be instigated by primary or secondary care physicians; in most cases,
this would be after a detailed assessment and optimisation of treatment from a physician with a special
interest in IPF. Prior to commencing a course of rehabilitation, medical management should be optimised;
this may include the provision of supplemental oxygen. The most advantageous time to refer is unclear in
the evidence, although it is anticipated that a prompt referral is more likely to be beneficial before an
individual is too disabled by the disease.

Lung transplant

Lung transplantation is the only treatment that has been shown to improve survival in patients with IPF.
The 5-year survival of IPF patients post transplant is in the region of 40-50%, which compares with

an overall 52% 5-year survival rate.® As indicated in the NICE guidelines,®' treating clinicians should
carefully consider whether or not their patient might be eligible and refer potentially suitable patients

to a recognised transplant centre for a full evaluation. IPF is the most common ILD referred for lung
transplantation throughout the world. Data from the International Society for Heart and Lung
Transplantation (ISHLT) collected from 1 January 2011 to 30 June 2012 show IPF to be the third

most common diagnosis leading to lung transplant throughout Europe, representing 17% of all lung
transplants.®® Data from the NHS Blood and Transplant service reveals that 17% (numbering between

23 and 33 patients per year) of all lung transplants in the UK between April 2009 and March 2013

were for fibrosing lung disease (NHS Blood and Transplant, 26 February 2013, personal communication).
It is anticipated that the majority of patients in this category had IPF. This differs significantly from the
current experience in the USA, where IPF is now the most common indication for lung transplantation
(35% of transplants).*® In the USA, the allocation of organs is governed by the United Network for Organ
Sharing (UNOS) system which calculates a lung allocation score (LAS). This calculates a post-transplant
survival score and a waitlist survival score to give an overall LAS. Patients with a higher score are prioritised
on the basis of urgency.
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As IPF is a disease of older adults, many patients may not be considered for lung transplantation on the
basis of their age. Most centres use age > 65 years as a relative, but not an absolute, contraindication to
lung transplant. Data from ISHLT from 2011 to the first half of 2012 reveals that, worldwide, 15.4% of
patients who received a transplant were > 65 years of age.?® However, again, there was a considerable
difference between European and American practice, with 4.4% of European recipients being > 65 years,
compared with 25.3% of North American recipients. Recent data from the USA suggest that
post-transplant mortality is no higher in patients > 70 years when compared with those in the 60- to
69-year-old age group.*

People considered for transplant referral should be free of malignancy for at least 2 years and have no
evidence of significant coronary artery disease, heart failure or any significant disease in a vital organ.
They should be not be infected with human immunodeficiency virus (HIV), chronic hepatitis B or C
infection or be dependent on tobacco and other s