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Idiopathic pulmonary fibrosis is the most common and deadly of the “idiopathic” interstitial lung diseases. It is
estimated that in the UK alone, IPF is responsible for 5,000 deaths per year, with a mortality rate greater than that
of many common cancers (1). Despite a median survival of only 3 years from diagnosis, there is a wide variability
in disease course in IPF (2). Some patients will have relatively prolonged periods of stability or only a gradual
progression of disease, whereas others will have extremely rapid disease progression, leading to death in less
than a year, and others still will experience acute exacerbations, periods of catastrophic worsening in their lung
disease over only a few weeks, whose frequency increases with worsening disease severity.
Over the past decade, there have been a number of trials yielding negative or uncertain results, such that, until
recently, IPF was an untreatable disease. The recent results of phase 3 trials on two anti-fibrotic drugs,
pirfenidone and Nintedanib, respectively (3,4), have represented a major breakthrough for patients with IPF. They
show that treatment with pirfenidone or nintedanib is associated with a reduction in FVC decline by roughly 50%,
and the FDA has approved the use of both in IPF. The magnitude of effect is remarkably similar b etween the two
drugs. However, neither halts disease progression, and ultimately the only treatment unequivocally linked to
improved survival remains lung transplant. A number of targets are being investigated in ongoing trials, and there
is now the challenge of future design of drug trials. The new drugs will be compared with pirfenidone or
Nintedanib, but this will mean smaller longitudinal reductions in FVC, the currently most used primary endopoint.
Combined endpoints are likely to be needed to increase the power of future trials in IPF.

Overall, although IPF is the most common of the idiopathic interstitial pneumonias, it represents only a
subpopulation of patients with progressive fibrotic lung disease, with similar proportions being taken up by
patients with CTD-ILD and sarcoidosis/hypersensitivity pneumonitis (5). Furthermore, there is substantial overlap
between some ILD entities and IPF, particularly with subgroups of patients with fibrotic hypersensitivity
pneumonitis, rheumatoid arthritis associated UIP, and undifferentiated connective tissue disease. Patients in
these subgroups

can experience relentlessly progressive fibrosis with absent or insufficient response to

immunosuppressive treatment, and behave similarly to IPF. It is therefore likely that shared pathogenic
mechanisms exist across a range of progressive fibrotic lung diseases. It is also increasingly recognised that at
least 10-20% of ILDs cannot be classified with current criteria (5), either because a surgical biopsy is not possible
or because even with histology it is not possible to reach a definitive conclusion.
In terms of clinical management of the individual patient, differentiating between relentlessly progressive lung
disease such as IPF on the one hand, and ILDs where progression of fibrosis is driven by immune overactivity,
such as connective tissue disease-associated ILD (CTD-ILD) on the other, has never been so important. In IPF,
immunosuppressive therapy is not only ineffective, but

associated with an increased risk of death and

hospitalization, as demonstrated by the PANTHER-IPF clinical

trial, a randomized, double-blind, placebo-

controlled study that evaluated the safety and efficacy of a three-drug immunosuppressive regimen of oral
prednisone, azathioprine and N-acetylcysteine in patients with IPF (6). By contrast, in many non IPF-ILDs,
immunosuppression remains the mainstay of treatment, mostly studied in CTD-ILDs, but also used in
hypersensitivity pneumonitis (HP), fibrotic sarcoidosis and others, with stabilisation of disease in the face of
previous progression a realistic aim. This has been shown by the only two prospective placebo controlled trials in
CTD-ILD, both in SSc-ILD (7,8), but also a series of retrospective studies including a large review of MMF in CTDILD overall (9) and case series/clinical experience in non CTD-ILD.

Drug Delivery to the Lungs 26, 2015 - IPF – Current Treatment and Future Targets
However, there is a subgroup of patients with non-IPF fibrotic ILD that continues to progress despite
aggressive/intensive immunosuppression, behaving in an “IPF-like” fashion. There is also the relatively large
group with “unclassifiable ILD”, who tend to have the second worse prognosis among ILD patterns, after IPF
patients (5). Although there are multiple prognostic scoring systems (10,2), better markers are needed to allow us
to identify key pathogenetic molecular pathways involved, and predict likelihood of response to anti-fibrotic versus
immunosuppressive treatments, identify new treatment targets, and overall behaviour of the disease in the
individual patient.
Much of the progress made in the understanding of pathogenesis of pulmonary fibrosis over the past ten years
has come from the application of molecular biology to large populations of patients with pulmonary fibrosis (11).
Genome wide association studies in families and in sporadic IPF have identified a number of significantly linked
loci, with links to genes involved in cell senescence, innate immunity and epithelial adhesion. Among these, the
MUC5B promoter variant is the strongest genetic factor identified so far for IPF (12-15). Interestingly, a striking
similarity across different loci has been observed between sporadic and familial IPF, suggesting the genetic
background is much more similar than previously thought (16). With regards to the highly significant association
with the MUC5B gene, as the mucin it encodes is mainly expressed in the distal airways and honeycomb cysts of
IPF biopsies, this association has highlighted a potential pathogenetic role of the bronchiolar epithelium, as
initially proposed by Chilosi et al (17). Interestingly, while the MUC5B promoter variant is associated with the risk
of developing IPF, it is associated with slower progression and better survival (14, 18), suggesting that it marks a
subset of the disease, with potentially different response to treatment, and possible differences in pathogenesis.
Disease subsets are also suggested by a recent whole-genome expression analysis in a large number of IPF
biopsies (19), identifying two clear IPF subpopulations, based on a distinct molecular signature. One IPF group
was characterized by upregulation of a large number of transcripts associated with cilium genes together with
MUC5B and MMP7 over expression. Another study by DePianto et al investigating genome-wide transcriptomic
analysis of lung biopsy tissue from IPF patients, and also peripheral blood markers, has identified clusters of
bronchiolar related genes overexpressed in conjunction with lymphoid related genes such as CXCL3, also
suggesting from a molecular perspective that IPF may in fact consist of more than one disease (20). Interestingly,
the MUC5B genotype association is not seen in SSc-ILD or sarcoidosis related pulmonary fibrosis, suggesting a
specificity of the pathway involved to idiopathic disease (14, 21).
Genetic factors may also affect response to treatment in IPF. A recent genome wide association study (GWAS)
has reported the association between variants in the TOLLIP gene, encoding for a protein involved in modulating
Toll-like receptors, and pulmonary fibrosis, implicating innate immunity processes in IPF pathogenesis (15). A
variant within the TOLLIP gene was linked with a differential response to N-Acetylcysteine treatment in a
retrospective analysis of subjects in the PANTHER trial. While NAC treatment was associated with a significant
reduction in a composite endpoint (defined as death, transplant, hospitalization or ≥10% FVC decline) in patients
with a rs3750920 TT genotype, a trend towards an increase in endpoint risk was seen in patients with a CC
genotype (22). Although retrospective in design, this study is the first to suggest that response to treatment may
differ according to genotype in patients with IPF, and strongly supports the need to stratify for all known key
genetic risk variants in future IPF trials.
IPF is likely to result from the complex interaction of genes and environmental exposures. Epigenetic processes,
defined as heritable modifications to gene expression which do not involve changes to the DNA sequence, are
influenced by a number of factors, including age, environmental exposures and genetic variants. Epigenetic
changes regulate transcription and include DNA methylation, histone acetylation/de-acetylation, and non-coding
RNAs (23). Two highly significant risk factors for IPF, age and cigarette smoking, are themselves strongly
associated with marked epigenetic changes (24).
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Although the study of epigenetic regulation in IPF is relatively recent, analysis in lung tissue globally as well as
cell specific gene expression regulation through methylation, acetylation, and regulatory microRNAs is providing
crucial information on regulatory networks and potential therapeutic targets (reviewed in Helling and Yang) (25).
For example, microRNAs each regulate large numbers of genes, and modulation of a single miRNA therefore
allows regulation of multiple genes. Consistently downregulated miRNAs include miR-29 and let7-d, miRNAs that
have a physiological anti-fibrotic role thorugh silencing of a number of

profibrotic target genes (25). The

downregulation of miR-29 induces a coordinate increase of many extracellular matrix genes in fibroblasts. MicroRNA therapeutics are rapidly gaining momentum. As an example, Mimics of miR-29 are currently being
considered as treatment of pulmonary fibrosis in the experimental setting (26).
In summary, one of the main challenges for the future will be the identification and use of molecular profiles to
stratify patients with progressive fibrotic lung disease and identify genetic, epigenetic and protein markers to
classify patients according to rate of progression and fundamental molecular pathways involved. It is clear that
even in non IPF ILDs, phenotypes of relentlessly progressive disease exist, and molecular pathways may overlap.
With the advent of anti-fibrotic treatments on the one hand, and the likelihood that targeted treatments may
benefit some, but not all, patients with progressive lung fibrosis, molecular phenotyping is needed to allow a better
classification of fibrotic lung diseases. Modern molecular tools are likely to be crucial in defining clusters of
patients who share a specific molecular phenotype, therefore allowing better prognostication and institution of
appropriate treatments.
References:
) Navaratnam V, Fleming KM, West J, et al. The rising incidence of idiopathic pulmonary fibrosis in the U.K.
Thorax 2011; 66:462–467.
2) Ley B(1), Collard HR, King TE Jr Clinical course and prediction of survival in idiopathic pulmonary fibrosis. Am
J Respir Crit Care Med. 2011 Feb 15;183(4):431-40.
3) King TE Jr., Bradford WZ, Castro-Bernardini S, et al.A phase 3 trial of pirfenidone in patients with idiopathic
pulmonary fibrosis. N Engl J Med 2014; 370: 2083–2092.
4) Richeldi L, du Bois RM, Raghu G, et al. Efficacy and safety of nintedanib in idiopathic pulmonary fibrosis. N
Engl J Med 2014; 370: 2071–2082.
5) Ryerson CJ, Urbania TH, Richeldi L, et al. Prevalence and prognosis of unclassifiable interstitial lung disease.
Eur Respir J 2013;42:750–7.
6) Idiopathic Pulmonary Fibrosis Clinical Research Network, Raghu G, Anstrom KJ, King TE Jr, Lasky JA,
Martinez FJ. Prednisone, azathioprine, and N-acetylcysteine for pulmonary fibrosis. N Engl J Med. 2012 May
24;366(21):1968-77.
7) Hoyles RK, Ellis RW, Wellsbury J, Lees B, Newlands P, Goh NS, Roberts C, Desai S, Herrick AL, McHugh NJ,
Foley NM, Pearson SB, Emery P, Veale DJ, Denton CP, Wells AU, Black CM, du Bois RM. A multicenter,
prospective, randomized, double-blind, placebo-controlled trial of corticosteroids and intravenous
cyclophosphamide followed by oral azathioprine for the treatment of pulmonary fibrosis in scleroderma. Arthritis
Rheum. 2006 Dec;54(12):3962-70.
8) Tashkin DP, Elashoff R, Clements PJ, Goldin J, Roth MD, Furst DE, Arriola E, Silver R, Strange C, Bolster M,
Seibold JR, Riley DJ, Hsu VM, Varga J, Schraufnagel DE, Theodore A, Simms R, Wise R, Wigley F, White B,
Steen V, Read C, Mayes M, Parsley E, Mubarak K, Connolly MK, Golden J, Olman M, Fessler B, Rothfield N,
Metersky M; Scleroderma Lung Study Research Group. Cyclophosphamide versus placebo in scleroderma lung
disease. N Engl J Med. 2006 Jun 22;354(25):2655-66.
9) Fischer A, Brown KK, Du Bois RM, Frankel SK, Cosgrove GP, Fernandez-Perez ER, Huie TJ, Krishnamoorthy
M, Meehan RT, Olson AL, Solomon JJ, Swigris JJ. Mycophenolate mofetil improves lung function in connective
tissue disease-associated interstitial lung disease. J Rheumatol. 2013 May;40(5):640-6.
10) Wells AU, Desai SR, Rubens MB, Goh NS, Cramer D, Nicholson AG, Colby TV, du Bois RM, Hansell DM.
Idiopathic pulmonary fibrosis: a composite physiologic index derived from disease extent observed by computed
tomography. Am J Respir Crit Care Med. 2003 Apr 1;167(7):962-9.

Drug Delivery to the Lungs 26, 2015 - IPF – Current Treatment and Future Targets

11) Renzoni E, Srihari V, Sestini P. Pathogenesis of idiopathic pulmonary fibrosis: review of recent findings.
F1000Prime Rep. 2014 Aug 1;6:69. doi:10.12703/P6-69. eCollection 2014.
12) Seibold MA, Wise AL, Speer MC, Steele MP, Brown KK, Loyd JE, Fingerlin TE,Zhang W, Gudmundsson G,
Groshong SD, Evans CM, Garantziotis S, Adler KB, Dickey BF, du Bois RM, Yang IV, Herron A, Kervitsky D,
Talbert JL, Markin C, Park J, Crews AL, Slifer SH, Auerbach S, Roy MG, Lin J, Hennessy CE, Schwarz MI,
Schwartz DA. A common MUC5B promoter polymorphism and pulmonary fibrosis. N Engl J Med.2011 Apr
21;364(16):1503-12.
13) Zhang Y, Noth I, Garcia JG, Kaminski N. A variant in the promoter of MUC5B and idiopathic pulmonary
fibrosis. N Engl J Med. 2011 Apr 21;364(16):1576-7.
14) Stock CJ, Sato H, Fonseca C, Banya WA, Molyneaux PL, Adamali H, Russell AM, Denton CP, Abraham DJ,
Hansell DM, Nicholson AG, Maher TM, Wells AU, Lindahl GE, Renzoni EA. Mucin 5B promoter polymorphism is
associated with idiopathic pulmonary fibrosis but not with development of lung fibrosis in systemic sclerosis or
sarcoidosis. Thorax. 2013 May;68(5):436-41.
15) Noth I, Zhang Y, Ma S, Flores C, Barber M, Huang Y, Broderick SM, Wade MS, Hysi P, Scuirba J, Richards
TJ, Juan-Guardela BM, Vij R, Han MK, Martinez FJ, Kossen K, Seiwert SD, Christie JD, Nicolae D, Kaminski N,
Garcia Joe GN. Genetic variants associated with idiopathic pulmonary fibrosis susceptibility and mortality: a
genome-wide association study. Lancet Respir Med. 2013;1:309–17.
16) Fingerlin TE, Murphy E, Zhang W, Peljto AL, Brown KK, Steele MP, Loyd JE, Cosgrove GP, Lynch D,
Groshong S, Collard HR, Wolters PJ, Bradford WZ, Kossen K, Seiwert SD, du Bois Roland M, Garcia CK, Devine
MS, Gudmundsson G, Isaksson HJ, Kaminski N, Zhang Y, Gibson KF, Lancaster LH, Cogan JD, Mason WR,
Maher TM, Molyneaux PL, Wells AU, Moffatt MF, et al. Genome-wide association study identifies multiple
susceptibility loci for pulmonary fibrosis. Nat Genet. 2013;45:613–20.
17) Chilosi M, Poletti V, Zamò A, Lestani M, Montagna L, Piccoli P, Pedron S, Bertaso M, Scarpa A, Murer B,
Cancellieri A, Maestro R, Semenzato G, Doglioni C. Aberrant Wnt/beta-catenin pathway activation in idiopathic
pulmonary fibrosis. Am J Pathol. 2003 May;162(5):1495-502.
18) Peljto AL, Zhang Y, Fingerlin TE, Ma SF, Garcia JG, Richards TJ, Silveira LJ, Lindell KO, Steele MP, Loyd
JE, Gibson KF, Seibold MA, Brown KK, Talbert JL, Markin C, Kossen K, Seiwert SD, Murphy E, Noth I, Schwarz
MI, Kaminski N, Schwartz DA. Association between the MUC5B promoter polymorphism and survival in patients
with idiopathic pulmonary fibrosis. JAMA. 2013 Jun 5;309(21):2232-9.
19) Yang IV, Coldren CD, Leach SM, Seibold MA, Murphy E, Lin J, Rosen R, Neidermyer AJ, McKean DF,
Groshong SD, Cool C, Cosgrove GP, Lynch DA, Brown KK, Schwarz MI, Fingerlin TE, Schwartz DA. Expression
of cilium-associated genes defines novel molecular subtypes of idiopathic pulmonary fibrosis. Thorax. 2013
Dec;68(12):1114-21.
20) DePianto DJ, Chandriani S, Abbas AR, Jia G, N'Diaye EN, Caplazi P, Kauder SE, Biswas S, Karnik SK, Ha
C, Modrusan Z, Matthay MA, Kukreja J, Collard HR, Egen JG, Wolters PJ, Arron JR. Heterogeneous gene
expression signatures correspond to distinct lung pathologies and biomarkers of disease severity in idiopathic
pulmonary fibrosis. Thorax. 2015 Jan;70(1):48-56.
21) Peljto AL, Steele MP, Fingerlin TE, Hinchcliff ME, Murphy E, Podlusky S, Carns M, Schwarz M, Varga J,
Schwartz DA. The pulmonary fibrosis-associated MUC5B promoter polymorphism does not influence the
development of interstitial pneumonia in systemic sclerosis. Chest. 2012 Dec;142(6):1584-8.
22) Oldham JM, Ma SF, Martinez FJ, Anstrom KJ, Raghu G, Schwartz DA, Valenzi E, Witt L, Lee C, Vij R, Huang
Y, Strek ME, Noth I; IPFnet Investigators. TOLLIP, MUC5B and the Response to N-Acetylcysteine Among
Individuals with Idiopathic Pulmonary Fibrosis. Am J Respir Crit Care Med. 2015 Sep 2. [Epub ahead of print]
23) Baylin SB, Jones PA. A decade of exploring the cancer epigenome – biological and translational implications.
Nat Rev Cancer. 2011 Sep 23;11(10):726-34.
24) Buro-Auriemma LJ, Salit J, Hackett NR, et al. Cigarette smoking induces small airway epithelial epigenetic
changes with corresponding modulation of gene expression. Hum Mol Genet 2013; 22:4726–4738.
25) Helling BA, Yang IV. Epigenetics in lung fibrosis: from pathobiology to treatment perspective. Curr Opin Pulm
Med. 2015 Sep;21(5):454-62.
26) Montgomery RL, Yu G, Latimer PA, Stack C, Robinson K, Dalby CM, Kaminski N, van Rooij E. MicroRNA
mimicry blocks pulmonary fibrosis. EMBO Molecular Medicine 2014 (6): 1347-1356.

