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Preface

Owing to the remarkable advances in the fields of molecular biology and genomics/

genetics in recent years, medicine has progressed rapidly in various fields, includ-

ing respiratory medicine. Many advances that have been made in this field include

the advent of novel molecular-targeted therapies for lung cancer, the widespread

use of inhaled corticosteroids, anti-cholinergic agents and long-acting beta-adren-

ergic agonists in the treatment of bronchial asthma/chronic obstructive pulmonary

disease (COPD), and the development of novel antimicrobial agents for the treat-

ment of respiratory tract infections. In regard to idiopathic pulmonary fibrosis,

however, there have been no important additions to the armamentarium for man-

aging this intractable disease over the last these 3 decades, since I graduated from

medical school, with definitive therapeutics still lacking.

Lung tissue can be roughly divided into parenchyma and interstitium. In the

narrower sense, the term “interstitium” refers to the alveolar septum which sepa-

rates the alveoli from one another. Idiopathic interstitial pneumonias (IIPs) are

characterized by hypertrophy of the alveolar septa due to inflammation. With

progression of the disease, lung tissue remodeling through fibrosis takes place.

According to the ATS/ERS International Multidisciplinary Consensus Classifica-

tion (2013), IIPs can be classified into the following six major types: (1) idiopathic

pulmonary fibrosis (IPF), (2) idiopathic nonspecific interstitial pneumonia, (3) respi-

ratory bronchiolitis–interstitial lung disease, (4) desquamative interstitial pneumo-

nia, (5) cryptogenic organizing pneumonia, and (6) acute interstitial pneumonia [1].

This classification is still not complete and is expected to be modified with advances

in this research field.

IPF is the most frequent type of IIPs. Recent cohort studies and computed

tomography (CT)-based epidemiological studies in Japan have indicated a high

prevalence of IPF [2]. IPF is a disease characterized by intense lung fibrosis that

follows a chronic and progressive course. In comparison to other types of IIPs, IPF

responds poorly to steroid and immunosuppressant drug treatment and in general

carries a poor prognosis. Approximately half of the patients with IPF die within

3–5 years of the diagnosis. Acute exacerbations increase the mortality of IPF to as
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high as approximately 80 %. Thus, currently, IPF is among the most challenging of

respiratory diseases to manage. Pulmonary fibrosis is also encountered in other

conditions including viral infection, smoking, pneumoconiosis, medication, radio-

therapy, and others. However, as indicated by its epithet “idiopathic,” the causes

and reasons for the lung fibrosis in IPF remain elusive. According to the current

view, the essential feature of IPF is not inflammation caused by immunocompetent

cells, but proliferation of fibroblasts (due to apoptosis of alveolar epithelial cells)

and their differentiation into myofibroblasts. This view can explain why IPF

responds poorly to treatment with steroids (glucocorticoids) (which have long

been used clinically as representative anti-inflammatory agents). Furthermore,

this view suggests the importance of anti-fibrotic therapy as an essential means of

treatment for this condition.

Japanese researchers have made remarkable contributions to the study of this

disease, some examples of which include the proposal of the concept of “acute

exacerbation” [3], development of serum markers that are relatively highly specific

for this disease (KL-6, SP-A, and SP-D) [4, 5], establishment of high-resolution

computed tomography (HRCT) for diagnostic imaging, as compared to inflated and

fixed lung specimens obtained by open lung biopsy and autopsy [6, 7], and

reporting of the treatment outcomes of pirfenidone [8], an antifibrotic agent that

was first approved in Japan. Thus, Japanese researchers have made remarkable

contributions in the field of research on IIPs and published the results in interna-

tional journals. Despite these diagnostic and therapeutic improvements, no treat-

ments have been established yet that can boast of being a complete cure for IPF.

In addition, interstitial pneumonia with emphysema (combined pulmonary

fibrosis and emphysema: CPFE) has been proposed recently as a new entity [9].

CPFE is a condition characterized by emphysematous lesions in the upper lung

regions, accompanied by fibrosis in the lower lung regions. This disease is most

often seen in male heavy smokers and is clinically characterized by the develop-

ment of intense hypoxemia with effort, marked reduction in the lung dilatation,

elevation of the serum KL-6 level, frequent complication by pulmonary hyperten-

sion and lung cancer, and so on. However, because of insufficient knowledge about

the pathophysiology of this condition and the absence of a clear-cut definition,

physicians in practice are still confused about this entity.

IPF is frequently complicated by lung cancer. It is therefore speculated that some

common molecular mechanisms might be involved in the onset of IPF and lung

cancer. The results of basic studies suggest that injury of the alveolar epithelial cells

seen in cases of IPF not only stimulates pulmonary fibrosis, but also induces

multiple gene abnormalities that can lead to the onset of lung cancer. It has also

been suggested that apart from promoting lung carcinogenesis, pulmonary fibrosis

may also be involved in the growth/spread of the cancer. Thus, basic research is

under way in Japan to try to decode these associations. One of the important clinical

problems associated with IPF is the development of acute exacerbations of the

condition following surgery in lung cancer patients, but some very remarkable
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results of treatment are being obtained in large-scale epidemiologic studies in

Japan [10].

To date, there have only been a small number of books containing detailed

descriptions of IPF, all of which are uniformly organized in the traditional style.

This current project presents readers with clinical questions about issues that are not

yet fully resolved as the subtitles for the chapters, to authors who have long been

engaged in research on IIPs long and are leading experts in this field in Japan. The

authors will provide up-to-date information in response to each question. They will

describe their thoughts and the future perspectives in response to the clinical

questions, based on up-to-date information. Therefore, besides obtaining up-to-

date information, the readers can also understand the authors’ real intentions and
future perspectives, so that their intellectual curiosity will be satisfied.

Considering the nature of this project, useful information will be provided not

only for beginning learners studying about IIPs, but also for physicians in clinical

practice, instructors, and the many researchers engaged in basic research on this

subject.

The Editors hope that this book, written by Japanese authors, will provide

valuable input that will help all practicing physicians and medical researchers in

the world to better understand the pathogenesis of IPF and to attempt to develop

innovative treatments for this intractable disease. The Editors will be greatly

pleased if this book can thus bring about therapeutic breakthroughs for patients

worldwide suffering from IPF.

Ibaraki, Japan Hiroyuki Nakamura

Kazutetsu Aoshiba
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Chapter 1

Definition of IPF

Is the Latest Classification of IIPs [ATS/ERS]

Satisfactory?

Shinji Abe and Akihiko Gemma

Abstract Idiopathic pulmonary fibrosis (IPF), the most common form of idio-

pathic interstitial pneumonias (IIPs), is a fatal disease with a mean survival time of

2–4 years from the time of diagnosis. Therefore, the early and accurate diagnosis of

IPF is important and essential for management and induction of optimal therapies.

In 2002, the American Thoracic Society and European Respiratory Society

(ATS/ERS) published an international statement on the diagnosis and management

of IPF. The 2002 ATS/ERS statement defined IPF as a distinct clinical entity

associated with the histology of usual interstitial pneumonia (UIP). The revised

evidence-based guidelines for diagnosis and management of IPF were published by

collaboration between the ATS, ERS, Japanese Respiratory Society (JRS), and

Latin American Thoracic Association (ALAT) in 2011. In the revised 2011 criteria,

high-resolution CT (HRCT) has a central role for the diagnosis of IPF. The presence

of UIP patterns on HRCT is essential and definitive in the diagnosis of IPF without

the need for surgical lung biopsy (SLB). The revised 2011 criteria have emphasized

the importance of multidisciplinary discussion between clinicians, radiologists, and

pathologists experienced in the diagnosis of IPF.

Keywords Idiopathic pulmonary fibrosis (IPF) • High-resolution CT (HRCT) •

ATS/ERS statement • ATS/ERS/JRS/ALAT statement
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1.1 Introduction

The idiopathic interstitial pneumonias (IIPs) are a group of diffuse parenchymal

lung diseases of unknown etiology with varying degrees of inflammation and

fibrosis [1]. In 1975, Liebow first described five pathologic subgroups of chronic

idiopathic interstitial pneumonia: usual interstitial pneumonia (UIP), diffuse lesions

similar to UIP with superimposed bronchiolitis obliterans (termed bronchiolitis

interstitial pneumonia), desquamative interstitial pneumonia (DIP), lymphocytic

interstitial pneumonia (LIP), and giant cell pneumonia [2].

In 1998, Kazenstein and Myers revised the classification including five histo-

pathologically distinct subgroups: UIP, DIP, respiratory bronchiolitis-associated

interstitial lung disease (RB-ILD), acute interstitial pneumonia (AIP), and

nonspecific interstitial pneumonia (NSIP). AIP and NSIP were introduced as

IIPs [3].

In 2002, the American Thoracic Society (ATS)/European Respiratory Society

(ERS) international multidisciplinary panel proposed a new classification of IIPs

that are comprised of seven clinical-pathological entities such as IPF, NSIP,

cryptogenic organizing pneumonia (COP), AIP, RB-ILD, DIP, and LIP [1]. The

2002 ATS/ERS statement emphasized the importance of interaction among clini-

cians, radiologists, and pathologists for the final diagnosis of IIPs. IPF was defined

to a distinctive type of chronic fibrosing interstitial pneumonia of unknown cause

limited to the lungs and associated with a surgical lung biopsy showing a histo-

pathologic pattern of UIP. The definitive diagnosis of IPF required histopathologic

patterns of UIP on surgical lung biopsy (SLB). In the absence of SLB, a presump-

tive diagnosis can be made by clinical, radiologic, and physiologic criteria (four

major and three minor criteria). IPF is the most common and severe form of IIPs.

The prognosis of IPF has been reported to be very poor with a mean survival of 2–4

years after the initial diagnosis. Therefore, an early and accurate diagnosis of IPF is

critical, especially for the management and induction of treatment to prevent

disease progression [4].

In 2011, the ATS/ERS/Japanese Respiratory Society (JRS)/Latin American

Thoracic Association (ALAT) has published revised evidenced-based guidelines

for diagnosis and management of IPF [5]. This chapter focuses on the definition of

IPF in the revised 2011 criteria and discusses clinical application and key problems.

1.2 The ATS/ERS/JRS/ALAT 2011 Revised Diagnostic

Criteria [5]

In the 2011 revised criteria, IPF is defined as a specific form of chronic, progressive

fibrosing interstitial pneumonia of unknown cause, occurring in older adults,

limited to the lungs, and associated with the histopathologic and/or radiologic

pattern of UIP.

4 S. Abe and A. Gemma



The diagnosis of IPF requires:

(a) Exclusion of other causes of interstitial lung disease (ILD) (e.g., domestic and

occupational environmental exposures, connective tissue diseases, and drug

toxicity)

(b) The presence of UIP pattern on high-resolution computed tomography

(HRCT) in patients not subjected to surgical lung biopsy

(c) Specific combination of HRCT and surgical lung biopsy pattern in patients

subjected to surgical lung biopsy

The major and minor criteria proposed in the 2002 ATS/ERS consensus statement
have been eliminated.

The accuracy of the diagnosis of IPF increases with multidisciplinary discussion

between pulmonologists, radiologists, and pathologists experienced in the diagno-

sis of ILDs.

IPF is a fatal lung disease; the natural history is variable and unpredictable. Most

patients with IPF demonstrate a gradual worsening of lung function over years; a

minority of patients remain stable or decline rapidly. Some patients may experience

episodes of acute respiratory worsening despite previous stability.

Disease progression is manifested by increasing respiratory symptoms, worsen-

ing pulmonary function test results, progressive fibrosis on HRCT, acute respiratory

decline, or death.

Patients with IPF may have subclinical or overt comorbid conditions including

pulmonary hypertension, gastroesophageal reflux, obstructive sleep apnea, obesity,

and emphysema. The impact of these conditions on the outcome of patients with

IPF is unclear.

The diagnostic algorithm for adult patients with suspected IPF is shown in

Fig. 1.1. HRCT has an essential role in the diagnostic pathway in IPF (Fig. 1.1

and Table 1.1). UIP is characterized on HRCT by the presence of reticular opacities,

often associated with traction bronchiectasis. Honeycombing is common and crit-

ical for making a definite diagnosis of IPF. Honeycombing is manifested on HRCT

as clustered cystic airspaces, typically of comparable diameters in the order rof 3–

10 mm but occasionally as large as 25 mm. It is usually subpleural and is charac-

terized by well-defined walls. Ground-glass opacities are common, but usually less

extensive than the reticulation. The distribution of UIP on HRCT is characteristi-

cally basal and peripheral, though often patchy. The presence of coexistent pleural

abnormalities (e.g., pleural plaques, calcifications, significant pleural effusion)

suggests an alternative etiology for UIP pattern. Micronodules, air trapping,

non-honeycomb cysts, extensive ground-glass opacities, consolidation, or a

peribronchovascular-predominant distribution should lead to consideration of an

alternative diagnosis. Mild mediastinal lymph node enlargement (usually <1.5 cm

in short axis) can be seen. Possible UIP and inconsistent with UIP patterns on

1 Definition of IPF 5



HRCT are presented in Table 1.1. The UIP pattern does not need to be confirmed by

histopathology. In patients demonstrating radiological features that meet the

criteria for “possible UIP” or “inconsistent with UIP” patterns on HRCT, SLB

should be considered. Patients with a possible UIP pattern on HRCT and UIP or

probable histological UIP pattern allow for the diagnosis of IPF (Table 1.2).

Combinations of HRCT and SLB for the diagnosis are presented in the revised

2011 criteria (Table 1.2). The major and minor criteria for the clinical diagnosis of

IPF in the 2002 ATS/ERS consensus statement have been eliminated. It is most

important to make an accurate diagnosis of IPF through multidisciplinary discus-

sion between clinicians, radiologists, and pathologists.

Suspected IPF

Identifiable causes for ILD?

HRCT

Surgical Lung 
Biopsy

Multidisciplinary 
discussion (MDD)

IPF IPF/Not IPF Not IPF

No

UIP Possible UIP
Inconsistent with UIP

UIP
Probable UIP / Possible UIP
Non-classifiable fibrosis

Yes

Not UIP

Fig. 1.1 Diagnostic algorithm for idiopathic pulmonary fibrosis (IPF). Patients with suspected

IPF should be carefully evaluated for identifiable causes of interstitial lung disease (ILD). In the

absence of an identifiable cause for ILD, an HRCT demonstrating UIP pattern is diagnostic of IPF.

In the absence of UIP pattern on HRCT, IPF can be diagnosed by the combination of specific

HRCT and histopathologic pattern. The accuracy of the diagnosis of IPF increases with multidis-

ciplinary discussion among ILD experts [5]
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Table 1.1 High-resolution computed tomography criteria for UIP pattern (2011)

UIP pattern (all four features)

Possible UIP pattern (all three

features)

Inconsistent with UIP

pattern (any of the seven

features)

Subpleural, basal

predominance

Subpleural, basal

predominance

Upper or mid-lung

predominance

Reticular abnormality Reticular abnormality Peribronchovascular

predominance

Honeycombing with or with-

out traction bronchiectasis

Absence of features listed as

inconsistent with UIP pattern

(see third column)

Extensive ground-glass

abnormality

(extent> reticular

abnormality)

Absence of features listed as

inconsistent with UIP pattern

(see third column)

Profuse micronodules

(bilateral, predominantly

upper lobes)

Discrete cysts (multiple,

bilateral, away from areas of

honeycombing)

Diffuse mosaic attenuation/

air trapping (bilateral, in

three or more lobes)

Consolidation in

bronchopulmonary segment

(s)/lobe(s)

Table 1.2 Combination of high-resolution computed tomography and surgical lung biopsy for the

diagnosis of IPF (requires multidisciplinary discussion)

1 Definition of IPF 7



1.3 Clinical Application and Key Problems

To exclude other known causes of lung fibrosis represents a key factor in the

diagnostic process of IPF. Careful medical history and physical examinations

focusing on comorbidities, drug use, environmental exposures, and family histories

are needed. It is very important to evaluate possibilities of chronic hypersensitivity

pneumonitis (CHP), because such patients might mimic IPF. Patients who met the

criteria for collagen vascular disease do not have the diagnosis of IPF. Even without

clinical or serologic features at presentation, clinical features of collagen vascular

disease may reveal thereafter. Even though surgical lung biopsy demonstrates

histopathological features of UIP, a definitive diagnosis required the exclusion of

other causes of ILDs, including chronic hypersensitivity pneumonitis, collagen

vascular disease, drug toxicity, asbestosis, and familial interstitial pneumonia.

The identification of honeycombing is central in the diagnosis of IPF. Several

studies have documented that the positive predictive value with HRCT diagnosis of

UIP is more than 90 % [5]. The accuracy of trained observers in distinguishing IPF

from other ILDs is approximately 80–90 % [6]. There is substantial variation in the

distinction between typical and atypical HRCT findings of IPF among less experi-

enced observers [6]. Interobserver variation is a significant problem in the diag-

nostic process of IPF. If honeycombing is absent, however, other HRCT features

meet the criteria for IPF, the imaging features are regarded as possible UIP, and

SLB is necessary to make an accurate diagnosis. Even in patients without

honeycombing on HRCT, combinations of interstitial scoring and older age (over

65) have reported to be highly predictive of the diagnosis of IPF [7]. It is necessary

to establish the standardization of prognostic pathway and quality assurance for the

accurate diagnosis of IPF.

1.4 Conclusion

The 2011 ATS/ERS/JRS/ALAT evidenced-based guidelines for IPF are major

improvement from the previous 2002 ATS/ERS statements. The guidelines empha-

size the importance of HRCT for the diagnosis of definite IPF. In the absence of UIP

patterns on HRCT, combined radiological and pathological findings are needed. It

is most important to make a final diagnosis of IPF through multidisciplinary

discussion between clinicians, radiologists, and pathologists. There is a need for

clinician training in integrating data from clinical, radiological, and histological

examinations to achieve the accurate diagnosis of IPF.

8 S. Abe and A. Gemma
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Chapter 2

Epidemiology and Risk Factors of IPF

Can We Dare to Ask, “What Are the Possible Causes?”

Kazuyoshi Kuwano, Jun Araya, and Hiromichi Hara

Abstract Idiopathic pulmonary fibrosis (IPF) is the most common disease among

idiopathic interstitial pneumonias (IIPs). The prognosis of idiopathic pulmonary

fibrosis (IPF) is worse than any form of other IIPs, because there are few effective

treatments clinically approved. Although many risk factors are recognized, the

etiologies of fibrotic lung diseases are not clear. Genetic background and environ-

mental factors are thought to be involved in the etiological factors. There are a

number of candidate genes associated with the IPF; however, precise functional

significances have not been verified yet. Alveolar epithelial cells are thought to be

the initial lesion of lung injury caused by environmental factors, such as smoking,

inhalational agents, drugs, oxygen radicals, toxins, and viruses. There is now

growing evidence that repeated injury to alveolar epithelial cells leads to apoptosis,

necrosis, or senescence. Surfactant gene mutations induce endoplasmic reticulum

(ER) stress response in epithelial cells, and telomere shortening induces epithelial

cell apoptosis and senescence. The failure of tissue repair due to impaired homeo-

stasis and deregulated immunological mechanisms leads to disordered epithelial-

mesenchymal interactions and finally results in pulmonary fibrosis. These results

may explain the increase of IPF associated with aging and also suggest the

involvement of cellular senescence in the pathogenesis of IPF. Although the

etiological agents or factors are various and not completely understood, the mech-

anisms how these etiological agents trigger fibrosis and the understanding of the

mechanisms of deregulated homeostasis after initial injury may lead to the devel-

opment of effective treatment strategy against IPF.

Keywords Idiopathic pulmonary fibrosis (IPF) • Epidemiology • Risk factors •

Genetic factors
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2.1 Introduction

Fibrosis is closely associated with the prognosis of various lung diseases. Although

many risk factors are recognized, the etiologies of fibrotic lung diseases are not

clear. Idiopathic pulmonary fibrosis (IPF) is the most common disease among

idiopathic interstitial pneumonias (IIPs). The prognosis of idiopathic pulmonary

fibrosis (IPF) is worse than any form of other IIPs, because there are few effective

treatments clinically approved. Genetic background and environmental factors are

thought to be involved in the etiological factors. The presence of familial IPF

suggests the genetic predisposition. Telomerase mutations induce telomere short-

ening. Familial IPF has been found to have telomerase mutations more frequently

than sporadic IPF. However, a similar degree of telomere shortening has been found

in sporadic IPF as well as familial IPF. These results may explain the increase of

IPF associated with aging and also suggest the involvement of cellular senescence

in the pathogenesis of IPF. Alveolar epithelial cells are thought to be the initial

lesion of lung injury caused by environmental factors, such as smoking, inhala-

tional agents, drugs, oxygen radicals, toxins, and viruses. There is now growing

evidence that repeated epithelial injury is the primary site of disease. Repeated

injury to alveolar epithelial cell leads to apoptosis, necrosis, or senescence. The

failure of tissue repair due to impaired homeostasis and deregulated immunological

mechanisms leads to disordered epithelial-mesenchymal interactions and finally

results in pulmonary fibrosis. In this chapter, the etiological factors which are

thought to be associated with epithelial cell injury and the pathogenesis of IPF

will be described.

2.2 Incidence and Prevalence

Although recent studies show that the incidence and prevalence of IPF are increas-

ing, those results vary depending on the studies, because there had been no uniform

definition or diagnostic criteria for IPF and there were differences in the methods of

case identification and study designs in old studies. Recent studies usually use

ATS/ERS criteria, which consist of the narrow and broad case definition [1]. The

narrow case definition is compatible to all major and minor ATS/ERS criteria with

definite UIP pattern on HRCT scans. The broad case definition includes the patients

having possible UIP pattern on CT scans in addition to those compatible with the

narrow definition.

12 K. Kuwano et al.



2.2.1 In the USA

For the incidence, Raghu et al. reported that the annual incidence of IPF was 6.8 and

16.3 per 100,000 populations with a narrow and a broad IPF definition, respectively

[2]. A population-based study in New Mexico from 1997 to 2005 showed an

incidence of 11 and 7/100,000 in men and women, respectively [3]. In a

population-based study in Minnesota from 1997 to 2005, age- and sex-adjusted

incidence among residents older than 50 years was 8.8 and 17.4 per 100,000

populations with a narrow and broad case definition, respectively [4]. This study

also showed median survival for narrow criteria and broad criteria being 3.5 and

4.4 years, respectively. In summary, the incidence of IPF increased with age, and

the sixth and seventh decades were the most, whereas patients less than 50 years

were rare. Most of the patients were ex- or current smokers.

For the prevalence, in a population-based study in Minnesota from 1997 to 2005,

age- and sex-adjusted prevalence on 2005 was 27.9 per 100,000 and 63 per 100,000

persons by narrow and broad criteria, respectively [4]. IPF prevalence in the USA

differed among studies, which varied from 14 to 27.9 cases and from 42.7 to

63 cases per 100,000 using narrow and broad case definitions, respectively

[5]. Concerning the IPF prevalence by age and sex, males had higher prevalence

than females, and older males had higher prevalence than younger ones.

2.2.2 In Europe

The annual IPF incidence in European countries were 0.22 per 100,000 population

in Belgium, 0.93 in 2004 in Greece, 0.94 during 1981–1990 in the Czech Republic,

2.17 in Denmark, 3.0 per 100,000 in Spain, 4.3 in Norway, and 7.94 in the UK. The

IPF incidence was higher among males than females in the UK, but not in Norway

[5, 6]. The IPF prevalence in European countries was 1.25 cases in Belgium per

100,000 population, 3.38 in Greece, from 6.5 to 12.1 in the Czech Republic, from

16 to 18 in Finland, and 23.4 in Norway [5, 6]. Concerning the IPF prevalence by

age and sex, IPF prevalence increased with age, and there was no clear sex trend in

Europe. The highest prevalence was observed in patients older than 75 years. The

prevalence appeared to be lower in Europe compared to those reported in the

USA [5].

2.2.3 In Japan

Ohno et al. reported the prevalence of IIPs was 3.44 cases per 100,000 populations

in Japan. In this study, 86 % of patients with IIPs were classified as IPF. However,

their survey was unable to determine the total number of IPF patients, because
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milder cases were excluded [7]. Recently, Natsuizaka et al. demonstrated that the

cumulative incidence and prevalence of IPF in Hokkaido prefecture of Japan were

2.23 and 10.0 per 100,000 populations, respectively. IPF incidence and prevalence

were higher in males than females. The highest incidence was observed at 70–79

and 60–69 years old groups in males (14.05 per 100000 population) and females

(3.41), respectively. The highest prevalence was found at 60–69 years old both in

males (44.44) and females (13.65) [8]. The results of Natsuizaka et al.’s study

probably reflect the incidence and prevalence of IPF in all Japanese populations.

2.3 Potential Risk Factors

The etiology of IPF remains poorly understood. However, it is likely that inhala-

tional agents are the prominent risk factor. The interaction between genetic predis-

position and abnormal epithelial cell reaction against environmental triggers

induces epithelial cell damage and fibrosis. Epithelial cell damage is accelerated

by repeated and persistent injury. Potential risk factors of developing IPF are

addressed below.

2.3.1 Smoking

Alveolar epithelial cells are the primary target of initial injury in the pathogenesis

of IPF. Inhaled agents are candidates for the initiating agents for epithelial cell

damage. Meta-analysis from five case-control studies showed that ever smoking is

the consistent risk factor in IPF (OR¼ 1.58), as well as other risk factors such as

agriculture/farming (odds ratio, OR¼ 1.65), livestock (OR¼ 2.17), wood dust

(OR¼ 1.94), metal dust (OR¼ 2.44), and stone/sand (OR¼ 1.97) [9]. Smoking is

not only one of the risk factors for IPF but also affects IPF patient’s survival.

Interestingly, King Jr et al. demonstrated that current smokers have a longer

survival than former smokers [10]. Concerning this issue, Antoniou et al. reported

that survival and severity-adjusted survival are higher in nonsmokers than in former

smokers or current smokers. They suggested that a better outcome in current

smokers compared with former smokers in King’s study may represent a healthy

smoker effect [11].

Although the mechanism how smoking contributes to the pathogenesis of IPF is

largely unknown, increased oxidative stress by smoking may induce the develop-

ment of IPF. Cigarette smoke contains particles containing numerous toxic

chemicals and reactive oxygen species. Because the incidence and prevalence of

IPF are increased with aging, the development of IPF induced by smoking may be

dependent on age [12]. Aging and oxidant/antioxidant imbalance may be associated

with each other. We recently reported that cellular senescence was predominantly

found in metaplastic epithelial cells and overlaying epithelial cells on fibroblastic
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foci in lung tissues from patients with IPF [13]. We demonstrated that cigarette

smoking extract or TGF-β induced cellular senescence in bronchial epithelial cells

in vitro. We also showed that supernatant of senescent epithelial cells induced

differentiation from lung fibroblast to myofibroblast in vitro [14]. We hypothesized

that several factors such as smoking, reactive oxygen species, TNF-α, Fas ligand,
and TGF-β induced epithelial cell apoptosis or necrosis. When some of epithelial

cells are resistant to cell death, those cells are induced to senescence. Smoking

contains so much kind of stimuli to lung cells, and downstream signaling pathways

and responses to smoking are diverse and different on various types of cells in IPF.

The effects of smoking on lung cell fate should be intensively addressed.

2.3.2 Inhalational Exposures

As well as smoking, several other environmental exposures have been reported to

be associated with increased risk for IPF. A meta-analysis indicated that exposure

to burning stoves, birch dust, hardwood dust, livestock, sand, stone, silica, and

vegetable dust/animal dust is associated with IPF [9]. Kitamura et al. show that the

number of inorganic particles, such as Si and Al, was increased in the hilar lymph

nodes in autopsy samples from patients with IPF. They suggested that inorganic

particles may play a role in the pathogenesis of IPF [15].

2.3.3 Viral Infection

Viral infection has been investigated as one of the candidates for the etiology and

the pathophysiology of IPF. Epstein-Barr virus (EBV), herpes simplex virus,

cytomegalovirus (CMV), human herpesviruses (HHVs) 7 and 8, hepatitis C virus,

and parvovirus B19 were implicated as causative agents [16]. However, it is

difficult to conclude that the viral infections are the etiological agents of IPF,

because the sensitivity and specificity of identification methods are variable

among studies. Furthermore, it is not clear whether the presence of viruses really

reflects the true etiological agents or merely reflects an increased susceptibility to

infection in IPF.

2.3.4 Herpesviruses

The herpesviruses, in particular EBV, have been intensively investigated. The DNA

of EBV, CMV, HHV-7, or HHV-8 was found to be present in 97 % of lung tissues

from patients with IPF while in 36 % of control lung tissues [17], although there

were negative studies showing that there is no herpesvirus DNA in any of the lung
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tissues from patients with IPF and control lung tissues [18, 19]. Tang et al. reported

that EBV DNA was detected by real-time PCR in 5 of 8 familial IPF cases (62.5 %)

and in 16 of 25 sporadic cases of IPF (64 %) [20]. In other studies, EBV protein and

DNA were detected in lung tissue, usually in the alveolar epithelial cells, by

immunohistochemistry and PCR in 40–60 % of IPF, whereas in 0–4 % of control

patients [21, 22]. EBV genome rearrangement associated with productive EBV

replication was found in 11 of 18 EBV-positive IPF biopsies [23]. Furthermore,

lytic replication of EBV, as indicated by the presence of the lytic cycle antigens

pg340/220 and viral capsid antigen, has been found to localize to alveolar epithelial

cells in lung specimens from patients with IPF more frequently than controls [22,

23]. Latent membrane protein 1 (LMP1) which is expressed by EBV-infected cells

and a marker of latent and lytic phases was detected in 9 of 29 patients, but none of

14 controls. LMP1 expression was associated with the respiratory failure due to the

progression of IPF, although the number of patients was small [24].

Recently, Kropski et al. investigated viral load in BAL fluid from normal

controls, at-risk subjects, and IPF patients. They found that at-risk subjects and

IPF patients had elevated herpesvirus load in BAL fluid, although inflammatory cell

populations were similar among groups. They also showed that EBV and CMV

antigens were frequently detectable by immunohistochemistry in type II alveolar

epithelial cells obtained by transbronchial biopsy from at-risk subjects, but uncom-

mon in lung tissues from normal subjects [25].

Endoplasmic reticulum stress (ER stress) has been demonstrated to be involved

in the pathophysiology of IPF through inducing epithelial cell apoptosis and/or

senescence [26, 27]. Lawson et al. reported that ER stress markers were commonly

found in alveolar epithelial cells and were associated with the presence of herpes-

virus antigens [28]. Kropski et al. suggested that increased copy numbers of EBV

and CMV DNA in BAL fluid from at-risk subjects may reflect viral replication and

that enhanced herpesvirus replication in epithelial cells may be an important source

of ER stress in early stage of IPF [25].

2.3.5 Hepatitis C Virus

Variable results have been reported in hepatitis C. Ueda et al. demonstrated that

serum antibodies to hepatitis C virus were detected in 19 of 66 patients (28.8 %)

with IPF by an enzyme-linked immunosorbent assay, which was significantly

higher than those in 9,464 control subjects (3.66 %) [29]. In contrast, Irving

et al. showed that HCV infection was no more prevalent in patients with IPF than

in the general population in the UK [30]. Meliconi et al. showed an increased

prevalence (approximately 13 %) of HCV infection and viral replication in patients

with IPF, but the prevalence of anti-HCV antibodies does not differ between IPF

patients and patients with other lung diseases in Italy [31]. More recently, Arase

et al. showed that 15 patients among more than 6,000 patients with HCV infection

developed IPF during an 8-year follow up, whereas none of more than 2,000
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patients with HBV infection developed IPF during a 6-year follow-up [32]. They

also reported that the IPF development rate in patients with HCV infection was

significantly higher in patients older than 55 years, in patients who had smoking

index more than 20 pack-years, and in patients with liver cirrhosis.

2.3.6 Gastroesophageal Reflux

Gastroesophageal reflux (GER)-associated erosive esophagitis has been reported to

link with a number of respiratory diseases including IPF. El-Serag

et al. demonstrated that erosive esophagitis and esophageal stricture were associ-

ated with chronic bronchitis (OR¼ 1.28), asthma (1.51), COPD (1.22), pulmonary

fibrosis (1.36), bronchiectasis (1.26), and pneumonia (1.15) in 101,366 subjects

[33]. Repeated and chronic micro aspiration has been considered to contribute to

the repeated injury of the lung, which leads to the development of IPF. Tobin

et al. showed that patients with IPF have a high prevalence of increased esophageal

acid exposure without typical GER symptoms [34]. Systemic sclerosis patients with

ILD have more severe and more proximal reflux episodes compared to those

without ILD [35]. Raghu et al. also showed that the prevalence of abnormal acid

GER in IPF patients was 87 % and significantly more common than that in patients

with asthma. They also showed that abnormal GER is often clinically occult in

patients with IPF [36]. D’Ovidio et al. reported that GER is highly prevalent in

patients with end-stage lung disease who are candidates for lung transplantation

[37]. In animal models, instilled gastric acid can spread to lung periphery and

induce lung injury, which results in pulmonary fibrosis. Occult aspiration of gastric

contents has been proposed as one of the possible mechanisms leading to acute

exacerbations of IPF. Lee et al. demonstrated that pepsin levels in BAL fluid

appeared higher in patients with acute exacerbations compared with stable controls

[38]. They suggested that occult aspiration may play a role in some cases of acute

exacerbation of IPF. Interestingly, Tcherakian et al. have shown that the rate of

GER was significantly higher in patients with asymmetrical IPF (62.5 %) than

symmetrical IPF (31.3 %) and that acute exacerbations occurred more frequently in

asymmetrical IPF (46.9 %) than in symmetrical IPF (17.2 %). They concluded that

GER may be responsible for both disease expansion and the occurrence of acute

exacerbations [39].

2.3.7 Diabetes Mellitus

Enomoto et al. firstly reported the association between type II diabetes and IPF.

They showed that the adjusted OR of diabetes for IPF was 4.06, although the

presence of DM did not affect the clinical characteristics of IPF [40]. Garcı́a-

Sancho Figueroa et al. showed that type II diabetes mellitus was an independent
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risk factor for IPF (11.3 % in IPF patients vs. 2.9 % in controls; OR¼ 4.3)

[41]. Gribbin et al. also reported that the use of insulin increased the risk for IPF

(OR¼ 2.36) [42].

We previously found that insufficient autophagy was a potent underlying pathol-

ogy of both accelerated cellular senescence in epithelial cells and myofibroblast

differentiation in a cell-type-specific manner and is a promising clue for under-

standing the molecular mechanisms of IPF [43]. We also demonstrated that exces-

sive IGF-1 signaling may be involved in the CSE-induced epithelial cell

senescence. We speculate that type II diabetes mellitus with hyperinsulinemia

may be associated with increased IGF-1/insulin signaling and reduced autophagy,

resulting in acceleration of cellular senescence [44].

2.4 Genetic Factors

2.4.1 Familial Interstitial Pneumonia (FIP)

A significant number of patients with IPF have a familial form of interstitial

pneumonia. In fact, it has been reported that family history of pulmonary fibrosis

was strongly associated with increased risk of IPF (OR¼ 6.1) compared to gastro-

esophageal reflux (OR¼ 2.9), former cigarette smoking (OR¼ 2.5), and past or

current occupational exposure to dusts or smokes (OR¼ 2.8) [45]. It is difficult to

distinguish between familial and sporadic IPF by the clinical, radiologic, and

pathologic characteristics, although familial IPF tends to occur at younger than

sporadic IPF (61.9 vs. 65.3 years old) [46]. An official ATS/ERS/JRS/ALAT

statement described that many studies of apparent “familial IPF” actually included

familial pulmonary fibrosis, because at least half of them include NSIP, COP, and

unclassified ILD [47]. Therefore, we describe them as familial interstitial pneumo-

nia (FIP) instead of familial IPF according to an official ATS/ERS statement in

2013 [48]. Different histological forms of interstitial pneumonia (FIP) are present

within the same family. Familial predisposition to interstitial pneumonia and

individual susceptibilities may determine the type of interstitial pneumonia. FIP

is present at approximately 20 % of patients with idiopathic interstitial pneumonias

(IIPs) [45, 49].

Recently, Kropski et al. examined the phenotype of individuals at risk for FIP

compared to FIP and IPF to investigate the pathogenesis of early stages of FIP. In

the results, 11 of 75 at-risk subjects (14 %) had interstitial changes on HRCT, while

35.2 % of at-risk subjects had abnormalities on transbronchial biopsies [25]. They

also found that herpesvirus DNA in BAL fluid was increased in at-risk subjects and

that herpesvirus antigen was detected in alveolar epithelial cells, which was corre-

lated with the protein expression specific for ER stress. They also reported that

telomere length of peripheral blood mononuclear cells and alveolar epithelial cells

was shorter in at-risk subjects than in healthy controls. Levels of several plasma
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biomarkers, such as MMP-7, SP-D, TIMP2, and EF-1, in at-risk subjects were

correlated with abnormal HRCT scans. These results suggest that the susceptibility

to telomere shortening, viral infection, and abnormal responses of epithelial cells

including deregulated ER stress was present in asymptomatic individuals at risk for

FIP, which leads to epithelial dysfunction and lung parenchymal remodeling.

2.4.2 ELMOD2

Recent GWAS analysis demonstrated that ELMOD2, a gene located on chromo-

some 4q31, may be a candidate gene for IPF. ELMOD2 is essential for phagocy-

tosis of apoptotic cells, cell migration, and interferon-related antiviral responses

[50]. ELMOD2 is expressed by lung epithelial cells and alveolar macrophages.

Epithelial cells and alveolar macrophages are the predominant targets of infection

by respiratory viruses. ELMOD2 mRNA expression is significantly decreased in

lung tissues from patients with IPF compared with those from control lungs

[51]. Interaction of host and viruses may trigger the epithelial cell damage and

fibrogenesis, in which ELMOD2 deficiency may play some roles.

2.4.3 Surfactant Protein

Recently, current genetic analysis of IIPs has revealed at least a part of the

pathogenesis of FIP and sporadic IPF. Mutations in surfactant proteins C

(SFTPC) [52] and A2 (SFTPA2) [53] have been identified in 10–15 % of FIP.

Mutations in the surfactant protein C gene were found to be associated with FIP, but

not with sporadic IPF [54]. Phenotype of SP-C mutations also includes nonspecific

interstitial pneumonia (NSIP), desquamative interstitial pneumonia (DIP), and

pulmonary alveolar proteinosis in adults [55]. SP-C mutations are frequently

found in children with severe idiopathic pneumonias [56]. Mutations in SP-C

resulted in the accumulation of premature pro-SP-C protein in type II alveolar

epithelial cells. Immunohistochemistry results showed aberrant subcellular locali-

zation of pro-SP-C protein in type II cells. Electron microscopic findings showed

alveolar type II cell atypia with numerous abnormal lamellar bodies [55]. Although

these mutations have not been found in sporadic IPF, specific protein expressions

induced by ER stress were detected in epithelial cells from patients with sporadic

IPF [57]. Therefore, epithelial cell damage, including ER stress, and epithelial cell

apoptosis are common mechanisms of pulmonary fibrosis. SP-A and SP-C gene

mutations in the alveolar epithelium as well as hTERT and hTERC mutations affect

ER stress, cellular senescence, and apoptosis, which lead to abnormal homeostasis

of the alveolar epithelium.

2 Epidemiology and Risk Factors of IPF 19



2.4.4 Telomerase

Telomeres protect chromosome ends from erosion and shorten with each cell

division, and once a critical length is reached, cells were induced to cellular

senescence and ultimately apoptosis. Telomerase restores telomere length, which

consists of two essential components, telomerase reverse transcriptase (TERT) and

telomerase RNA (TERC). Loss-of-function mutations in TERT have been found in

15 % of FIP and in 3 % of sporadic IPF [58, 59]. These patients showed significantly

shorter telomeres length in peripheral blood lymphocytes and granulocytes. In

sporadic IPF, these mutations are less common; however, telomere shortening is

similar to those of FIP in peripheral blood leukocytes and alveolar epithelial cells

compared with those of healthy controls.

Recently, nine nucleotide polymorphisms including TERT gene were identified

to be associated with IPF susceptibility in Japanese patients [60]. Telomere attrition

is induced by oxidative stress, smoking, as well as aging. These are risk factors

which have been implicated to have a role in the pathogenesis of IPF. TGF-β plays
central roles in fibrogenesis and is highly expressed in lung tissues of IPF. TGF-β
suppresses telomerase expression and may affect telomere shortening. Weisberg

et al. demonstrated that the decrease of telomerase expression correlated with type

II alveolar epithelial cell apoptosis in IPF lungs [61]. They suggested that low ratio

of telomerase/apoptosis may reduce regenerative capacity in injured lungs, which

subsequently results in fibrosis.

2.4.5 MUC5B

Seibold et al. demonstrated that a common polymorphism in the promoter of

MUC5B has been found to be associated with the development of FIP and IPF

[62]. They also showed that MUC5B expression in the lung was much higher in

lung tissues from patients with IPF compared to normal lung tissues. Therefore,

they suggested that deregulated MUC5B expression may be involved in the path-

ogenesis of pulmonary fibrosis, although it is not clear how MUC5B

hyperexpression associates with IPF pathogenesis. Interestingly, Kropski

et al. [25] also demonstrated that MUC5B promoter polymorphism was increased

in asymptomatic relatives of patients with FIP (at-risk subjects) compared to

controls and that MUC5B protein levels of BAL fluids were higher in at-risk

patients than controls. Recently, Molyneaux et al. showed that the bacterial burden

in BAL fluid from patients with IPF was increased compared with controls and

associated with the polymorphisms of MUC5B gene [63]. MUC5B expression is

seen in bronchial epithelial cells; therefore, how the airway abnormality leads to

lung fibrosis is an attractive issue to investigate.
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2.5 Conclusions

Besides genetic factors described above, there are a number of candidate genes

associated with the IPF. Polymorphisms of genes such as cytokines, enzymes,

profibrotic genes, and coagulation pathway genes and HLA class I and II allele

haplotypes have been reported to be associated with IPF [47]. However, the

significance of these results has not been verified in subsequent studies. Epidemi-

ologically, males had higher prevalence than females, and older males had higher

prevalence than younger males in IPF. Inhalational agents are the prominent risk

factor for IPF. Although many inhalational agents were thought to induce epithelial

injury, the repeated and prolonged injury is responsible for the initiation of fibrotic

processes. The association between genetic predisposition and abnormal epithelial

cell responses against environmental triggers may induce pulmonary fibrosis.

Smoking contains numerous toxic contents, and the significance of downstream

signaling pathways and responses is dependent on various stimuli and on various

types of cells in IPF. The role of viral infection has been investigated as one of the

candidates for the etiology of pulmonary fibrosis, the trigger of acute exacerbation,

or the cause of disease progression. GER has been reported to link with a number of

respiratory diseases including IPF. The failure of tissue repair due to impaired
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Fig. 2.1 Alveolar epithelial cells are thought to be the initial lesion of lung injury caused by

environmental factors, such as smoking, inhalational agents, drugs, oxygen radicals, toxins, and

viruses, and intrinsic factors such as genetics and aging. Repeated epithelial injury leads to

apoptosis, necrosis, and/or senescence. Surfactant gene mutations induce ER stress response in

epithelial cells, and telomere shortening induces epithelial cell apoptosis and senescence. The

failure of tissue repair due to impaired homeostasis and deregulated immunological mechanisms

leads to disordered epithelial-mesenchymal interactions and finally results in pulmonary fibrosis
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homeostasis and deregulated immunological mechanisms leads to disordered

epithelial-mesenchymal interactions and finally results in pulmonary fibrosis.

Although the etiological agents or factors are various and not completely under-

stood, the understanding of the mechanisms of deregulated homeostasis may lead to

the development of effective treatment strategy against IPF (Fig. 2.1).
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Chapter 3

Acute Exacerbation of IPF

The Concept Was Proposed in Japan, But Why Was It

Not Recognized in Western Countries?

Yoshiki Ishii

Abstract Idiopathic pulmonary fibrosis (IPF) is a chronic and progressive

fibrosing disease. Acute exacerbation of IPF (AE-IPF) is an abrupt and rapid

deterioration by unidentifiable causes which occurs during chronic clinical course

of IPF. The estimated incidence is 5–15 % per year in IPF patients. Moreover,

AE-IPF is not only associated with a very high mortality rate (over 70 %), but it is

also an important determinant of overall prognosis in patients with IPF. Patholog-

ically, AE-IPF is characterized by acute diffuse alveolar damage (DAD) lesion that

develops close to the chronic progressive usual interstitial pneumonia (UIP) lesion.

Because DAD is also a common pathological feature observed in acute respiratory

distress syndrome (ARDS), acute interstitial pneumonia (AIP), and AE-IPF, it is

possible to regard AE-IPF as ARDS developed due to IPF. Although the trigger

factors for AE-IPF are often unclear, sometimes the triggers such as surgery,

corticosteroid dose reduction, or viral infection are evident. Evidence-based and

effective therapies are lacking for AE-IPF, with the current management guidelines

recommending only supportive care and corticosteroid use. Novel treatments for

AE-IPF that have been investigated in small-scale studies, including the use of

polymyxin B-immobilized fiber column (PMX) hemoperfusion, may be promising.

When AE with DAD pathology develops once, treatment is extremely difficult;

therefore, development of effective prevention methods is required. To this date,

there is emerging evidence from clinical trials of investigational treatments for

chronic phase of IPF which may reduce the incidence of AE-IPF.
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3.1 Introduction

Idiopathic pulmonary fibrosis (IPF) is a chronic and progressive fibrosing disease. It

has a poor prognosis, with a median survival period of approximately 3 years from

the time of diagnosis [1, 2]. The typical natural history of IPF is the slow progres-

sion of the disease that eventually leads to respiratory failure and death. In some

cases of IPF, abrupt and rapid deteriorations that have no identifiable cause occur

during the chronic clinical course (Fig. 3.1). In Japan, clinical case reports of an

acute exacerbation of IPF (AE-IPF) appeared from the 1970s, and the concept of

AEX-IPF has since become widely recognized by pulmonologists. In1984,

Yoshimura et al. [3] reported a clinical study of 35 cases, while Kondo et al. [4]

published the first literature on AE of IPF in English in 1989, followed by Kondoh

et al. [5] in 1993. In contrast, this concept was not accepted in Europe and America

for a long time. This may have been for the following reasons: (1) The acute

worsening was interpreted as a part of the natural progress of IPF, and (2) it was

not easy to distinguish it from other conditions with similar presentations such as

pneumonia, pulmonary emboli, or cardiac failure. Nevertheless, the concept of

AE-IPF was first described in the American Thoracic Society/European Respiratory

Society (ATS/ERS) International Multidisciplinary Consensus Classification in

2001 [6], and it has since been recognized worldwide [7–10]. When AE-IPF

develops, not only it is associated with a very high mortality rate, but it is also an

important determinant of overall prognosis in patients with IPF [11].
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Fig. 3.1 Clinical disease courses in patients with IPF. The typical natural history of IPF is the

slow progression of the disease with a median survival period of approximately 3 years from the

time of diagnosis (a). In some cases of IPF, abrupt and rapid deteriorations, triggered by

unidentifiable causes or obvious causes, occur during the chronic clinical course (b). The deteri-
oration is termed an acute exacerbation of IPF (AE-IPF). AE-IPF can occur even before diagnosis

of IPF (c)
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3.2 Definition

Diagnostic criteria were first established in 1995 and later revised in 2004 by The

Study Group on Diffuse Pulmonary Disorders, Scientific Research/Refractory

Disease-Overcoming Research Business, Japan Ministry of Health, Labor and

Welfare. According to these criteria, diagnosis requires the following: (1) progres-

sive dyspnea over 1 month or less, (2) new pulmonary infiltrates seen on a high-

resolution computed tomography (HRCT) scan with evidence of underlying usual

interstitial pneumonia (UIP), (3) worsening hypoxemia (i.e., a fall in PaO2 of

>10 mmHg), and (4) the absence of an underlying cause such as pulmonary

infection, pneumothorax, malignancy, pulmonary embolism, and cardiac failure.

A study group in the United States reported a similar definition in 2007 [10]

(Table 3.1), which includes an item to exclude pulmonary infection by endotracheal

aspirate or bronchoalveolar lavage (BAL) to this criterion. Although the presence of

overt infection is considered to be an exclusion criterion, occult infection could be a

trigger factor for AE-IPF. In fact, bacterial and viral pneumonias are often seen in

patients with AE-IPF and may be the trigger factor. Therefore, although it is

important to exclude simple pulmonary infection from AE-IPF, the existence of

infection should not preclude the diagnosis of an AE [12].

Table 3.1 Diagnosis of acute exacerbation

Diagnostic criteria

Previous or concurrent diagnosis of idiopathic pulmonary fibrosisa

Unexplained worsening or development of dyspnea within 30 days

High-resolution computed tomography with new bilateral ground-glass abnormality and/or

consolidation superimposed on a background reticular or honeycomb pattern consistent with

usual interstitial pneumonia patternb

No evidence of pulmonary infection by endotracheal aspirate or bronchoalveolar lavagec

Exclusion of alternative causes, including the following:

Left heart failure

Pulmonary embolism

Identifiable cause of acute lung injuryd

Patients with idiopathic clinical worsening who fail to meet all five criteria due to missing data

should be termed “suspected acute exacerbations”
aIf the diagnosis of idiopathic pulmonary fibrosis is not previously established according to the

American Thoracic Society/European Respiratory Society consensus criteria, this criterion can

be met by the presence of radiologic and/or histopathologic changes consistent with usual

interstitial pneumonia pattern on the current evaluation
bIf no previous high-resolution computed tomography is available, the qualifier “new” can be

dropped
cEvaluation of samples should include studies for routine bacterial organisms, opportunistic

pathogens, and common viral pathogens
dCauses of acute lung injury include sepsis, aspiration, trauma, reperfusion pulmonary edema,

pulmonary contusion, fat embolization, inhalational injury, cardiopulmonary bypass, drug

toxicity, acute pancreatitis, transfusion of blood products, and stem cell transplantation

(Adapted from Ref. [10])
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In AE-IPF without a prior diagnosis of IPF, differentiation from acute interstitial

pneumonia (AIP) represents an important diagnostic challenge. However, if the

typical honeycomb findings of IPF are observed in the lungs by HRCT, an AE-IPF

is diagnosable.

3.3 Pathophysiology

AE-IPF is considered to be a sudden acceleration of the disease or acute lung injury

by an unknown cause that is superimposed on the diseased lung. Pathologically,

AE-IPF is characterized by an acute-onset diffuse alveolar damage (DAD) that

develops close to chronic UIP lesion. Given that DAD is also a common patholog-

ical feature of acute respiratory distress syndrome (ARDS) and AIP, it is possible to

regard AE-IPF as ARDS due to IPF. In IPF, the lung tissue without fibrosis is

primed by inflammatory cytokines produced by chronic inflammation, and it seems

to be susceptible to develop DAD through some unknown trigger. Therefore, it is

easy to understand AE-IPF as complication of ARDS-like DAD in IPF rather than

as deterioration of IPF itself. This is supported by the fact that AE occurs not only in

IPF (UIP) but also in other chronic interstitial pneumonias such as nonspecific

interstitial pneumonia [13, 14].

3.4 Trigger Factors

Although the triggers for AE-IPF are often unclear, surgical operation, corticoste-

roid dose reduction, and viral infection can present as obvious triggers [11]. Diag-

nostic procedures such as BAL and video-assisted thoracoscopic surgery (VATS)

are also potential triggers [15]. Gastroesophageal reflux disease (GERD) is another

potential cause of AE-IPF [10].

According to the diagnostic criteria, pulmonary infection should be excluded;

however, in practice, viral and bacterial infections are often obvious triggers [16,

17]. Simon-Blancal et al. [18] demonstrated that AE-IPF was more frequent in

winter and spring than during summer and fall, suggesting that unidentified infec-

tions might be an important trigger. Despite this, a study using standard PCR

analysis of BAL fluid demonstrated that common respiratory viruses were detected

in only four of the 43 patients with AE-IPF, with no evidence of viral infection in

most cases [19]. However, limitations with this finding mean that viruses cannot be

definitively excluded as the cause of AE-IPF [20].

Some medications have been reported to be triggers for AE-IPF. Implicated

drugs include biologic (anakinra, etanercept, and infliximab), nonbiologic

(ambrisentan), immunomodulatory (interferon alpha/beta, everolimus, and

leflunomide), and anticancer agents [21–23]. In fact, patients with lung fibrosis

are prone to drug-induced lung injury. However, because drug-induced DAD-type
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lung injury can develop in patients without lung fibrosis, it is debatable whether

such cases should be regarded as drug-induced AE-IPF or simply as comorbid drug-

induced lung injury.

Pulmonary resection in patients with lung cancer and interstitial lung disease can

provoke AE-IPF at higher rates and with higher mortality. A systematic review

showed that the incidence of postoperative AE-IPF ranged from 0 to 20.8 %, with

mortality ranging from 37.5 to 100 % [24]. A large-scale multi-institutional cohort

study reported that AE-IPF occurred in 164 of 1763 (9.3 %) patients with non-small

cell lung cancer who underwent pulmonary resection and that it was the leading

cause of 30-day mortality (71.7 %), with an overall mortality rate of 43.9 % when it

developed [25]. Surgical procedures show the strongest association with AE-IPF;

for example, using wedge resection as a reference, lobectomy or segmentectomy

has an odds ratio of 3.83, and bi-lobectomy or pneumonectomy has an odds ratio of

5.70 (P< 0.001). In high-risk patients, surgical procedures associated with a higher

risk of AE-IPF should be chosen cautiously. No benefit was found for perioperative

steroids and sivelestat prophylaxis in that study.

Suzuki H et al. [26] analyzed the HRCT findings of patients with IPF to identify

radiological characteristics of IPF susceptible to acute exacerbation after surgery

for lung cancer. They demonstrated that the degree of fibrosis on preoperative

HRCT was significantly higher in the exacerbation group (P< 0.003).

3.5 Epidemiology

The incidence of AE-IPF varies greatly between studies (8.5–60 %), and the precise

determination is made difficult by the use of retrospective analyses of selected

cases. The incidence also changes depending on whether pulmonary infection is

completely excluded. AE-IPF is also increasingly common because of the spread-

ing recognition that it is a common clinical feature of IPF. Recent data from

randomized controlled trials have provided incidences that are more conservative,

with rates of 14 % over 9 months and 4.8, 5.4, and 9.6 % over 1 year in the control

groups [27–29]. Using retrospective data from a large observational cohort of

461 patients, 1- and 3-year incidences are suggested to be 14 % and 21 %,

respectively [11]. A population-based analysis demonstrated the rate of AE was

0.13 cases per person year [30].

There are no significant differences in disease duration, pulmonary function,

age, gender, or smoking history between patients with and without AE [9, 31]. By

multivariate analysis, Song et al. [11] demonstrated that low forced vital capacity

(FVC) levels and the absence of a history of smoking were risk factors for AE-IPF;

however, the role of smoking in AE-IPF is controversial [32, 33]. Pulmonary

hypertension may also be a risk factor for AE-IPF [34].

The mortality rates reported in small case series have been very poor, and they

are as high as 85 % [7, 35–39]. In a summary of 16 studies, Collard et al. [10]

reported an overall mortality rate of 70 %, while a systematic review reported 1-
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and 3-month mortality rates of 60 % and 67 %, respectively [40]. Kishaba et al. [41]

reported that extensive disease on chest HRCT, including traction bronchiectasis,

honeycombing, ground-glass opacity, and consolidation, was associated with par-

ticularly poor mortality in AE-IPF. Indeed, the 3-month mortality was 80.6 %

among patients with extensive HRCT-related disease findings, which compared

negatively with the mortality of 54.5 % in patients with limited disease (P¼ 0.007).

3.6 Histopathology

The histopathology of AE is characterized by an underlying fibrotic interstitial

pneumonia with superimposed DAD [9, 10]. The latter usually appears in a

relatively normal area without prior honeycombing, and it is histologically the

same as DAD that occurs without a background of UIP such as that observed in

AIP and ARDS. Kang et al. [42] investigated the pathological differences

depending on the underlying risk, determining the degree of α-smooth muscle

actin-positive or collagen type I-positive alveolar interstitial myofibroblasts in the

proliferative phase of DAD by immunohistochemical staining. Only two of seven

patients with septic ARDS showed interstitial myofibroblast proliferation as

opposed to 15 of 16 patients with drug-induced ARDS. Only three patients had

AIP, but all patients showed myofibroblast proliferation. These findings indicated

that DAD can be divided into two subphenotypes: less fibrogenic and more

fibrogenic. The former is seen in patients with septic ARDS and a high incidence

of multi-organ dysfunction syndrome (MODS), while the latter is seen in those with

drug-induced ARDS, AIP, and AE-IPF with a low incidence of MODS.

3.7 Radiological Assessment

The most common radiological finding in patients with AE-IPF is the presence of

new bilateral ground-glass opacities or of consolidation superimposed on the

underlying UIP (i.e., subpleural reticular and honeycombing densities)

[43]. Acute exacerbations of either IPF or other chronic interstitial lung diseases

can closely resemble ARDS in both clinical presentation and chest radiographic

abnormalities. Similar to ARDS, pathological findings are dominated by DAD,

although the prognosis is substantially worse. The diagnosis of AE-IPF is suggested

by a careful review of previous chest radiographic images, by the discovery of

subpleural reticular changes intermixed with alveolar opacities on a chest CT scan

obtained shortly after the onset of ARDS, or by surgical lung biopsy.

Akira et al. [44] classified the new onset parenchymal abnormalities into three

patterns: peripheral, multifocal, and diffuse (Fig. 3.2). By multivariate analysis, the

strongest correlations were observed between CT patterns (combined diffuse and

multifocal versus peripheral) and survival (odds ratio, 4.629; P¼ 0.001). Diffuse
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and multifocal ground-glass patterns appear to predict a worse survival in patients

with AE-IPF compared with those with peripheral patterns. In contrast to these

findings, Silva et al. [45] were unable to show any relationship between radio-

graphic pattern and survival. Data that are more recent suggest that the extent of

lesion on HRCT is a more important determinant of the outcome than the distribu-

tion of lesion [46]. Using the HRCT score, which was calculated based on normal

attenuation areas and extent of abnormalities (i.e., areas of ground-glass attenuation

and/or consolidation with or without traction bronchiectasis or bronchiolectasis and

areas of honeycombing), survival among patients was worse with an HRCT score of

�245 than those with a lower score (log-rank test, P< 0.0001).

Fig. 3.2 High-resolution computed tomography (HRCT) patterns of acute exacerbation of IPF: (a)
peripheral pattern, (b) multifocal pattern, (c) diffuse pattern (Adapted from Ref. [44])
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3.8 Laboratory Tests and Biomarkers

When the acute exacerbation occurs, cough and dyspnea become acutely worse

within one month. Blood test typically shows increases in the white cell count and

both C-reactive protein and lactate dehydrogenase levels. In addition, markers of

fibrosis are increased, including surfactant protein-A (SP-A), surfactant protein-D

(SP-D), and sialylated carbohydrate antigen (KL-6). Measurement of serum KL-6

level is very useful when assessing disease activity and prognosis in IPF, and it is a

useful predictive marker for AE-IPF. Ohshimo et al. [47] reported that baseline

serum KL-6 levels were significantly higher in patients who later developed

AE-IPF than in those with stable IPF (P< 0.0001). At a KL-6 cutoff level of

1300 U/mL, the sensitivity, specificity, accuracy, and likelihood ratio for predicting

AE-IPF were 92 %, 61 %, 66 %, and 2.36, respectively. In a Kaplan-Meier analysis,

they reported that patients with baseline serum KL-6 levels of �1300 U/mL

experienced earlier onset of AE-IPF (P¼ 0.002). Thus, it is suggested that baseline

serum KL-6 (both continuous and at a cutoff level of �1300 U/mL) is a sensitive

independent predictive factor for the onset of AE-IPF. However, it is essential that

care be taken while prescribing steroids or immunosuppressive therapy in IPF

because of the risk of opportunistic infections by pneumocystis pneumonia or

cytomegalovirus. In patients with pneumocystis pneumonia, although serum

KL-6 rises in a similar manner to AE-IPF, blood β-D-glucan levels rise

concurrently.

Pneumonia represents the most problematic differential in the diagnosis of

AE-IPF. According to the current diagnostic criteria, pulmonary infection must

be ruled out by endotracheal aspiration or BAL. However, performing bronchos-

copy in patients with AE-IPF is associated with a high risk of worsening the

respiratory condition, with BAL itself recognized to be a trigger factor for

AE-IPF. In practice, it is often difficult to differentiate between AE-IPF and

bacterial pneumonia, and a surrogate marker has, therefore, been sought to exclude

infectious pathology. To this end, serum procalcitonin (PCT) is useful while

attempting to differentiate between typical bacterial and nonbacterial causes of

inflammation. Nagata et al. [48] reported that serum PCT levels in AE-IPF were

significantly lower than those in bacterial pneumonia with IP (0.62� 1.30

vs. 8.31� 14.83 ng/mL; P< 0.05). Thus, serum PCT is a useful surrogate marker

for discriminating between AE-IPF and concurrent bacterial pneumonia with IPF.

In addition, circulating fibrocytes have been reported to be a good biomarker of

fibrosis. Fibrocytes are circulating bone marrow-derived spindle-shaped cells,

produce extracellular matrix components, and may play an important role in

wound repair and tissue fibrosis. Fibrocytes were defined as cells positive for

CD45 and collagen-1 by flow cytometry. Circulating fibrocytes defined as CD45-

positive and collagen-1-positive cells by flow cytometry are increased threefold in

patients with stable IPF compared with healthy controls [49]. During AE-IPF,

fibrocyte counts have been shown to further increase to an average of 15 % of

peripheral blood leukocytes. The increased fibrocyte counts then tend to decrease to
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pre-exacerbation levels in patients who recover. Circulating fibrocyte counts can

also indicate prognosis; patients with IPF and fibrocytes of >5 % had a poor

prognosis when compared with those with fibrocytes of <5 % (mean survival

time, 7.5 months vs. 27 months; P¼ 0.0001).

3.9 Pharmacological Treatments

To date, no evidence-based effective therapy has been established for AE-IPF.

Indeed, international consensus guidelines produced by the ATS, ERS, Japanese

Respiratory Society, and Latin American Thoracic Association only recommend

management supportive care and corticosteroid use [50].

Empirical treatment with high-dose corticosteroid therapy is generally used in

AE-IPF without any clear evidence that they are effective. No randomized con-

trolled trials have been conducted using corticosteroids in AE-IPF. Methylprednis-

olone pulse therapy [1 g intravenously (IV)] is usually given on days 1–3 with a

maintenance prednisolone dose equivalent to approximately 40 mg daily [5]. The

3-day pulse therapy is repeated weekly on 1–4 occasions until the patient’s condi-
tion stabilizes.

Steroid pulse therapy came to be used for respiratory diseases based on its

biological plausibility and experience, with a similar method used for renal and

collagen diseases [51]. In Japan, this therapy has been used for IPF and AE-IPF

since 1978. It is also usually used in the treatment of other lung diseases presenting

with DAD, such as ARDS and AIP. Although the rapidly progressive clinical

condition is often temporarily stabilized by the pulse therapy, thereby improving

oxygenation, there is no evidence that it improves mortality. Indeed, the mortality

rate remains high, despite therapy. In recent years, a low-dose steroid therapy has

been employed (methylprednisolone, 1 mg/kg/day) in reference to trials in the

treatment of ARDS [52], but the benefits remain unclear. Given that the patholog-

ical evidence of DAD is an extremely poor prognostic factor, it seems that the effect

of steroids may be insufficient. Nevertheless, surgical lung biopsies reveal that

some cases of AE-IPF have organizing pneumonia rather than DAD [53], in which

case glucocorticoid therapy might be effective.

Immunosuppressants, such as cyclosporine A (CsA), cyclophosphamide, or

tacrolimus, are used together when the reaction of steroid alone is poor. These

drugs can also be used in combination with a steroid from the beginning. Several

investigators reported better survival in patients treated with this type of combina-

tion therapy [54–56]. Although these studies have mostly been retrospective, have

included small samples, and have used various definitions of AE-IPF, they suggest

that the use of immunosuppressants in combination with corticosteroids is more

effective than corticosteroid monotherapy. Sakamoto et al. [54] reported that the

mean survival period after the first onset of AE-IPF was 285 days in a CsA-treated

group and 60 days in a non-CsA-treated group. Thus, prognosis was significantly

better in the CsA-treated group. In this study, a low dosage of CsA (100–150 mg/
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day) was started at the same time as the pulse therapy. Morawiec et al. [55] reported

their experience with cyclophosphamide pulse therapy for AE-IPF in a small case

series. Patients with AE-IPF were treated with a methylprednisolone pulse

(1,000 mg) on days 1–3, before the escalating regimen of cyclophosphamide was

started on day 4 with an initial intravenous dose of 500 mg. The dose of cyclo-

phosphamide was then increased by 200 mg every 2 weeks up to the maximum dose

of 1,500 mg.

The majority of patients with AE-IPF receive empiric broad-spectrum antibi-

otics against respiratory pathogens, even if there is no obvious infection. This is

based on the following clinical rationale: (1) an underlying infection can be easily

missed on microbiological testing, (2) the mortality rate is very high, (3) many

patients present with fever and flu-like symptoms and have elevated blood neutro-

phil counts and CRP levels, and (4) antimicrobial therapy has a low risk of

complications.

Because a coagulation disorder subsequent to vascular injury could be important

for the pathogenesis of AE-IPF, anticoagulant therapy may be effective. A small

prospective clinical trial of anticoagulation with warfarin and low molecular weight

heparin in patients with IPF reportedly improved survival in the group receiving

anticoagulation mostly by reducing the mortality associated with AE-IPF [57]. In

that study, the mortality associated with AE-IPF was significantly reduced in the

anticoagulant group when compared with the non-anticoagulant group (18 %

vs. 71 %, respectively; P¼ 0.008). Conversely, a randomized, double-blind, pla-

cebo-controlled study of warfarin as a treatment for IPF had to be terminated early

because of higher mortality in the warfarin arm and a low likelihood of benefit

[58]. Therefore, at present, anticoagulant therapy in patients with IPF is

discouraged.

Combination therapy with sivelestat, a neutrophil elastase inhibitor, and corti-

costeroids was examined in a multicenter, double-blind prospective phase II study

in Japan [59]. In total, 78 cases were divided into placebo, low-dose, and high-dose

groups. High doses of sivelestat treatment for 14 days improved oxygenation and

global clinical status but not mortality. A subsequent phase III trial has since

confirmed the clinical utility for AE-IPF [60]. Currently sivelestat is clinically

available for lung injury with systemic inflammatory response syndrome (SIRS)

and it is often used for AE-IPF [61].

Pharmacological treatments such as thrombomodulin [62] have also been stud-

ied. However, their efficacy in the treatment of AE-IPF is based on a few small,

retrospective studies that do not provide conclusive evidence of benefit.
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3.10 Therapy with Polymyxin B-Immobilized Fiber

Column

One possible treatment for AE-IPF currently under study is a direct hemoperfusion

with a polymyxin B (PMX)-immobilized fiber column (PMX-DHP). In this tech-

nique, PMX-DHP columns not only absorb endotoxins and reactive oxygen species,

and other substances, but also selectively remove activated neutrophils that cause

endothelial injury [63–65]. Several case studies indicated that PMX-DHP treatment

may improve oxygenation and survival in patients with AE-IPF. Abe et al. [66]

reported a multicenter retrospective analysis (18 institutions in Japan) of

160 patients with interstitial pneumonia (including 73 with IPF) who had acute

disease exacerbations treated by PMX. In patients with AE-IPF, the ratio of PaO2/

FiO2 was significantly improved after treatment with PMX compared with that

before treatment (173.9� 105.4 to 195.2� 106.8 Torr; P¼ 0.003). Recently,

Enomoto et al. [67] reported 31 patients with AE-IPF; they found a significantly

greater improvement in PaO2/FiO2 ratio in those treated with PMX-DHP (n¼ 14)

after 2 days of treatment than in those who did not receive PMX-DHP treatment

(mean� SEM, 58.2� 22.5 vs. 0.7� 13.3; P¼ 0.034). The 12-month survival rate

was also significantly higher in patients treated with PMX-DHP (48.2 % vs. 5.9 %;

P¼ 0.041). These studies suggest that PMX-DHP therapy is promising and that

large randomized controlled trials are needed.

3.11 Prevention

Prevention of AE-IPF may be the most effective approach to management. Clinical

trials of several investigational treatments for IPF have evaluated whether daily

treatment of chronic phase of IPF reduces the incidence of AE-IPF.

Pirfenidone, an antifibrotic molecule, has shown inconsistent effects on AE-IPF.

A phase II study in Japanese patients with IPF was terminated after 9 months of a

planned 1-year follow-up because of a higher frequency of AE-IPF in the placebo

group than in the pirfenidone group [27]. However, in a phase III trial in Japanese

patients, no significant differences were observed in the incidence of AE-IPF over

52 weeks between patients treated with pirfenidone and those treated with placebo

[28]. Subsequent larger clinical trials of pirfenidone in patients with IPF

(CAPACITY-1 and CAPACITY-2) also failed to confirm any reduction in the

incidence of AE-IPF [68]. Therefore, at present, pirfenidone cannot be considered

to be effective in preventing the onset of AE-IPF.

Nintedanib is a tyrosine kinase inhibitor of platelet-derived growth factor recep-

tor (PDGFR), vascular endothelial growth factor receptor (VEGFR), and fibroblast

growth factor receptor (FGFR) that has been developed for the treatment of IPF. In

a phase II trial (the TOMORROW trial, lasting for 12 months), a lower incidence of

AE-IPF was observed in patients treated with nintedanib than those treated with
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placebo [69]. Two subsequent replicate 52-week, randomized, double-blind, phase

III trials (INPULSIS-1 and INPULSIS-2) were performed [29]. However, in

INPULSIS-1, there was no significant difference between the nintedanib and

placebo groups in the time to the first AE (hazard ratio in the nintedanib group,

1.15; P¼ 0.67), with similar proportions of patients with AE-IPF in the treatment

and placebo groups (6.1 % and 5.4 %, respectively). In contrast, INPULSIS-2

reported a significant increase in the time to the first AE in the nintedanib group

when compared with the placebo group (hazard ratio, 0.38; P¼ 0.005), and the

proportion of patients with AE was also lower in the nintedanib group than in the

placebo group (3.6 % vs. 9.6 %). In the prespecified pooled analysis, there was no

significant difference between the nintedanib and placebo groups in the time to first

AE (hazard ratio, 0.64; P¼ 0.08) and also in the proportion of patients with AE

(4.9 % in the nintedanib group and 7.6 % in the placebo group). Because nintedanib

did not show a consistent effect on the incidence of AE in these trials, its effec-

tiveness remains unclear.

Antacid drugs have been considered to be useful for preventing AE-IPF because

gastroesophageal reflux disease (GERD) is a risk factor for both IPF and AE-IPF. A

retrospective analysis using data from controls in three randomized controlled trials

showed that patients taking antacid treatments (proton pump inhibitors or histamine

receptor-2 blockers) at baseline had fewer AE-IPF than those who were not (zero

vs. nine events after a mean follow-up of 30 weeks; P< 0.01) [70]. The decrease in

FVC at 30 weeks was also smaller in the patients who were treated with antacid

drugs than those who were not treated (�0.06 vs.�0.12L; P¼ 0.05). These findings

suggest that antacid treatment could be beneficial in patients with IPF. Controlled

clinical trials are needed to confirm those observational findings.

Postoperative AE-IPF is also common and associated with a high mortality rate.

Therefore, appropriate measures should be employed to prevent the onset of

AE. Various preventive measures have been considered to date, but none has

been established. In general, high-pressure ventilation, high oxygen concentrations,

long operation times, and overhydration during operation should be avoided.

3.12 Conclusions

AE-IPF and AE of other fibrotic lung diseases are life-threatening events that

decrease overall survival and are associated with high mortality rates. They have

been recognized in Japan since the 1970s but have only recently been recognized in

Europe and America. One reason for this is that there was the difference of

recognition whether AE was regarded as a part of the natural progression of the

underlying disease or as a newly developed distinct condition. The other possibil-

ities for the reason are a racial factor and an environmental factor. However, this is

not likely because recent reports demonstrated that there are no great differences in

the incidence of AE-IPF between Japan and other countries.
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A critical problem in the management of AE-IPF is the differentiation from

comorbidities, such as pneumonia, pulmonary thromboembolism, pneumothorax,

or cardiac failure, which may present similarly with abrupt, acute deterioration of

respiratory failure in the context of chronic disease progression. In that setting, the

emergence of new bilateral lung shadows not caused by apparent infection should

be considered to be the decisive factor in favor of AE. Indeed, because they are

pathologically characterized by DAD, AE-IPF is easy to understand when one

considers them as ARDS due to IPF. Although the diagnosis of AE-IPF requires

that infection be excluded, concomitant infection may play a role such as that when

ARDS is caused by infection. Triggers for AE-IPF also appear to be variable and

unclear.

Despite trials of various therapies, no concrete therapy has been established to

date. Given the high incidence of AE-IPF following lung resection surgery, a high-

priming state probably makes the patient susceptible to a second attack. Unfortu-

nately, when an AE with DAD has occurred once, subsequent treatment becomes

extremely difficult. Therefore, efforts need to focus on the development of effective

prevention methods. Although emerging evidence from clinical trials suggests that

some treatments may reduce the incidence of AE-IPF in the context of chronic IPF,

robust evidence is needed to confirm their efficacy before they can be put into

routine practice.
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Chapter 4

Pathogenesis of IPF

Is Abnormal Repair of Epithelial Damage Involved in

the Basic Pathogenesis of This Disease?

Yasuhiko Nishioka

Abstract The molecular pathogenesis in IPF is not fully understood. However,

epithelial injury and subsequent aberrant wound healing, rather than chronic

inflammation, are thought to play central roles in the recent hypothesis. Alveolar

epithelial cells predisposed with genetic mutations may involve in the abnormal

responses subsequent to injury. Growth factors, such as transforming growth factor-

β and platelet-derived growth factors, are critical mediators that control the growth

and differentiation of lung fibroblasts. The novel topics in pulmonary fibrosis

include the origin of lung fibroblasts, alveolar epithelial integrity, and resolution

of extracellular matrixes. The further studies are required to clarify the mechanisms

involved in the fibrogenesis in the lungs of IPF.

Keywords Epithelial injury • Fibroblasts • Growth factors • Epithelial integrity

4.1 Hypothesis of the Molecular Pathogenesis of IPF: From

Inflammation to Epithelial Injury

IPF is believed to be caused by chronic inflammation in the lungs. In 2001, a novel

pathogenesis was advocated, in which epithelial injury and subsequent aberrant

wound healing, rather than chronic inflammation, play central roles [1, 2]. As a

result of injury, alveolar epithelial type II cells (AECII) secrete several mediators

capable of triggering profibrotic responses. Among these factors, growth factors,

such as transforming growth factor (TGF)-β, platelet-derived growth factor

(PDGF), and fibroblast growth factor (FGF), possess the ability to stimulate the

migration, proliferation, and collagen production of lung fibroblasts, indicating that

the interaction between AECII and fibroblasts is fundamental to the onset of
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fibrogenesis in the lungs [3, 4]. In addition, growth factors are produced by alveolar

macrophages and fibrocytes [3, 4]. Once the profibrotic pathway is stimulated,

activated fibroblasts differentiate into myofibroblasts and cause excessive extracel-

lular matrix (ECM) deposition, leading to remodeling of the lungs, with a so-called

“honeycomb” appearance [1–4]. The updated hypothesis for the pathogenesis of

IPF is summarized in Fig. 4.1.

4.2 Epithelial Injury and Genetic Background

Studies of the genetic backgrounds of patients with familial pulmonary fibrosis

have revealed the existence of germline mutations in several genes. Surfactant

proteins SP-A, SP-B, SP-C, and SP-D are produced from AECII and play roles in

preserving lung homeostasis [5]. SP-B and SP-C are extremely hydrophobic and

essential for reducing surface tension, whereas SP-A and SP-D belong to the

collectin family of proteins and are involved in the host defenses. Among these

genes, the SP-C gene mutation was first reported in children with familial pulmo-

nary fibrosis [6, 7]. A mutation in the SP-A2 gene was subsequently identified in

cases of familial disease [8, 9]; these mutations in the SP genes cause the accumu-

lation of misfolded proteins in AECII. Other mutations have since been reported in

telomerase genes [10, 11]. These mutations are believed to be associated with a

reduced enzyme activity of telomerase and inversely correlate with the length of the

telomere. An analysis of terc�/� mice also showed a reduced number of AECII in
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Fig. 4.1 Schematic drawing of the proposed molecular pathogenesis of IPF. AEC, alveolar

epithelial cell; EMT, epithelial-mesenchymal transition; ECM, extracellular matrix
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the distal lung epithelium [12]. Furthermore, the ATP-binding cassette protein A3

(ABCA3) is highly expressed in AECII and thought to be involved in the transport

of surfactant proteins. The mutation in the ABCA3 gene was originally reported to

cause the fatal interstitial lung disorder, whereas a later report showed an associ-

ation with pediatric interstitial lung disease [13, 14]. More recently, a common

MUC5B promoter polymorphism was identified to be associated with familial

interstitial pneumonia, although the role of MUC5B in the pathogenesis of IPF

remains unclear [15].

The above gene mutations are thought to render AEC susceptible to various

stimuli, such as genetic predispositions. However, the frequency of these gene

mutations appears to be rare in sporadic cases of IPF [16].

4.3 Biological Alteration in Injured AEC in IPF

Gene mutations in SP-C or SP-A2 cause the production of misfolded proteins that

are not secreted or accumulated in the endoplasmic reticulum (ER) of AECs

[17, 18]. Subsequently, the response to ER stress is induced, thereby upregulating

the expressions of XBP-1, GRP78/BiP, and HDJ-2/HSP40, followed by the activa-

tion of caspase3 and apoptosis. Increased ER stress is seen in epithelial cells in the

lungs of patients with IPF [19, 20], and apoptosis is reported to be increased in

AECs in IPF lungs [21]. ER stress is enhanced by numerous factors. For example,

viral infections, such as that with the influenza virus and cytomegalovirus, stimulate

ER stress in AECs [20, 22]. In addition, environmental exposure to toxins, includ-

ing cigarette smoke, upregulates ER stress in AECs [23], and aging is related to

enhanced susceptibility to ER stress induced by murine herpesvirus [24]. These

findings suggest that ER stress and apoptosis in AECs may be critical in both

sporadic and familial cases of IPF and that similar mechanisms leading to ER stress,

such as SP genes, may function in sporadic cases.

How do AECs under ER stress or apoptosis promote pulmonary fibrosis? The

answer is not fully understood. However, it was recently demonstrated that the

expression of TGF-β is mediated by ER stress associated with the SP-A2 gene

mutation and influenza infection in AECs [20, 25]. ER stress may also generate

EMT of AECs [26]. Since AECs have various biological functions, further research

is required to clarify the link with epithelial injury and pulmonary fibrosis.
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4.4 Critical Roles of Growth Factors in the Progression

of Pulmonary Fibrosis

As mentioned above, injury to AECs is believed to be the first event triggering the

onset of pulmonary fibrosis. However, growth factors are produced by various cells

in addition to AECs in the IPF lungs [27]. Alveolar macrophages are known to

produce numerous soluble factors under conditions of fibrogenesis in the lungs.

Furthermore, emerging cells called fibrocytes also have the ability to produce

profibrotic growth factors.

Among profibrotic mediators, transforming growth factor (TGF)-β and PDGF

are thought to play a critical role in the onset of fibrogenesis of the lungs due to the

activation of lung fibroblasts. Despite the limited evidence, other growth factors,

including fibroblast growth factor (FGF), vascular endothelial growth factor

(VEGF) and insulin-like growth factor (IGF)-1, etc., are also believed to contribute

to the pathogenesis of pulmonary fibrosis.

Representative growth factors with a profibrotic activity are summarized in

Table 4.1.

4.4.1 PDGF and PDGF Receptors

PDGF is a homo- or heterodimeric molecule with a molecular weight of 30 kDa

[28]. PDGF genes consist of four different genes, including PDGF-A, PDGF-B,

PDGF-C, and PDGF-D, which are located on chromosomes 7, 22, 4, and 11, respec-

tively [29, 30]. There are two types of PDGF receptors (PDGFRs), α and β, which
have a molecular weight of 170–180 kDa and are composed of homo- or

heterodimers. Possible PDGF-PDGFR interactions are multiple and complex

according to an in vitro study [7]. However, an in vivo study showed a limited

pattern of binding of PDGF-AA or –CC to PDGFR-α and PDGF-BB to PDGFR-

β [30].

PDGFs are expressed in many types of cells, including fibroblasts, vascular

endothelial cells, macrophages, and platelets/megakaryocytes [30]. It is also

known that the expression of PDGFs is upregulated by various inflammatory

cytokines and growth factors, including both TGF-β and PDGF. Moreover,

PDGFRs are expressed in various cells, although the classical targets of PDGF

are fibroblasts and smooth muscle cells, and the expression of PDGFRs is induced

by various stimuli. In contrast to PDGFs, the expression of PDGFR in some cells is

limited to PDGFR-α or PDGFR-β, not both.
PDGF is known to be a major mitogen for mesenchymal cells. In fact, PDGF is

the strongest stimulus of the proliferation of fibroblasts [28, 30], and the depletion

of the PDGF-A gene in mice has been shown to be homozygous and lethal, with two

different restriction points, one located prenatally and one located postnatally

[31]. Postnatally surviving PDGF-A-deficient mice develop lung emphysema
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secondary due to the loss of alveolar myofibroblasts containing PDGFR-α. On the

other hand, PDGFR-a null mice show cranial malformations and deficiency of

myotome formation [32]. Mice deficient for PDGF-B or PDGFR-β exhibit renal,

cardiovascular, and hematological, but not pulmonary, abnormalities [33, 34]. In

summary, PDGF-A/PDGFR-α pathway plays a role in the secondary septation

process, since PDGFR-α-expressing cells located in the alveolar entry ring have

characteristics of myofibroblasts [35].

PDGF is known to be a growth factor that plays a role in the pathogenesis of

pulmonary fibrosis [28, 30]. In animal models, the induction of pulmonary fibrosis

with bleomycin (BLM) has been used to assess the molecular pathogenesis. For

example, Maeda et al. reported that the expression of the PDGF-A gene is increased

in mice showing BLM-induced pulmonary fibrosis using semiquantitative reverse

transcriptase polymerase chain reaction (RT-PCR) [36]. Walsh et al. also examined

the bronchoalveolar lavage fluid of rats treated with BLM and found 38- to 40-kDa

and 29-kDa peptides detected with anti-PDGF-BB and anti-PDGF-AA antibodies,

respectively, demonstrating the growth-promoting activity of lung fibroblasts

[37]. In that study, the growth-promoting activity was neutralized 64 % by the

anti-PDGF-BB antibody and 15 % by the anti-PDGF-AA antibody. In contrast,

Zhuo et al. showed that the PDGF-C, but not the PDGF-A, PDGF-B, or PDGF-D,

gene is induced in the lungs of mice treated with BLM according to a Northern blot

analysis [38]. Moreover, Shimizu et al. reported that PDGF-A and PDGF-B are

induced and elevated in the BLM-treated lungs of mice at both the mRNA and

protein levels [39]. Additionally, the adoptive transfer of an adenovirus expressing

the PDGF-B gene into the lungs induces severe fibrosis in mice [40]. Based on these

reports, the expression of PDGF isoforms is enhanced in the setting of fibrogenesis

of the lungs, although the details require a further analysis.

On the other hand, an enhanced expression of PDGF in epithelial cells and

alveolar macrophages in the lungs of patients with IPF has been reported

[41, 42]. However, the mechanisms involved in the enhanced expression and

actions of PDGF in the fibrotic lung are poorly understood. Recently, Gochuico

et al. examined growth factors in the alveolar lining fluid of patients with rheuma-

toid arthritis complicated with pulmonary fibrosis and reported that PDGF-AB and

PDGF-BB, but not TGF-β or PDGF-AA, are associated with the progressive stage

of pulmonary fibrosis [43], indicating the importance of PDGF-B in the onset of

fibrogenesis of the lungs.

The evidence described above suggests that targeting the PDGF/PDGFR signal-

ing pathway may have therapeutic effects against pulmonary fibrosis. This hypoth-

esis has been investigated using animal models of pulmonary fibrosis with specific

inhibitors of PDGFR [44]. Rice et al. first reported that AG1296, a tyrosine kinase

inhibitor (TKI) for PDGFR, prevents the development of pulmonary fibrosis

induced by vanadium pentoxide (V2O5) in rats [45]. In addition, imatinib mesylate

(Gleevec in the United States, Glivec in Europe) has been applied, as imatinib

inhibits PDGFR in addition to bcr-abl and c-kit [46]. The antifibrotic effects of

imatinib in various pulmonary fibrosis models have been extensively examined,

and it has been reported that imatinib strongly inhibits fibrogenesis in the lungs
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[47–49]. In addition, Yoshida et al. reported that the in vivo gene transfer of an

extracellular domain of PDGFR-β reduces the onset of BLM-induced pulmonary

fibrosis [50]. Recently, nilotinib, another compound with a similar profile to that of

imatinib, was also reported to show a higher antifibrotic activity than imatinib

[51]. These observations suggest that the PDGF/PDGFR axis is a potential thera-

peutic target for pulmonary fibrosis.

4.4.2 FGF and FGF Receptors

FGF and FGF receptor (FGFR) are thought to be involved in the onset of

fibrogenesis in the lungs. The FGF/FGFR family is composed of 18 FGF ligands

and four FGFRs [52, 53]. Alternative splicing of the domain III of FGFR1–3 yields

two different isoforms, IIIb in epithelial tissue and IIIc in mesenchymal tissues.

Heparan sulfate glycosaminoglycan (HSGAG) binds to both FGF and FGFR in

order to stabilize the binding of FGF to FGFR by facilitating dimerization. The

specificity of different FGFs for different receptor isoforms has also been

reported [54].

The physiological functions of FGF are diverse and complex, and studies have

evaluated the roles of FGF proteins in vitro and in genetically modified mice in vivo

[52–54]. Since FGFs originally possess mitogenic, chemotactic, and angiogenic

activities, the biology of FGF has been examined in cancer research. In addition,

knockout mice have been used to demonstrate the role of FGFs in the embryonic

development of various organs. However, the physiological roles of most FGFs/

FGFRs remain unclear. Both Fgf1�/� and Fgf2�/� mice are viable and fertile, with

the exception of some abnormalities in the vascular system, although exogenous

FGF-2 induces the proliferation of endothelial cells, smooth muscle cells, and

fibroblasts.

The profibrogenic activities of FGFs have been observed in FGF-2 (basic FGF).

For example, Hetzel et al. reported the proliferative activity of FGF-2 for lung

fibroblasts [55], and fibroblasts derived from IPF show a reduced response to

FGF-2, IGF-1, and EGF, but not PDGFs, as compared with normal fibroblasts.

Meanwhile, Kanazawa et al. reported the activity of these compounds in promoting

the migration of skin fibroblasts [56]. However, FGF-2 does not stimulate the

production of fibronectin by lung fibroblasts. In IPF patients, there are scant data

regarding the localization of FGF-2 in the lungs. However, the expression of FGF-2

mRNA has been reported to be upregulated in BLM-treated lungs in mice

[57]. Although immunohistochemical staining has been reported to show the

expression of FGF-2 in inflammatory cells, the role of the FGF-2/FGFR axis in

mouse models of lung fibrosis remains unclear. Ju et al. reported that the adminis-

tration of soluble FGFR2c ectodomain significantly reduces the extent of lung

fibrosis in TGF-β-induced lung fibrosis mice [58]. However, Guzy et al. recently

reported that Fgf2�/� mice show increased mortality due to epithelial injury

induced by BLM without any effects on lung fibrosis [57]. At present, it is not
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possible to draw firm conclusions regarding the role of FGF-2 in the pathogenesis of

pulmonary fibrosis in mice or in humans.

In contrast to FGF-2, FGF-1 has been reported to be an antifibrotic factor. FGF-1

reverts the profibrogenic effects of TGF-β such as α-SMA induction [59]. In

addition, FGF-1 reduces the expression of collagen-I and induces the apoptosis of

lung fibroblasts [60, 61].

It is currently difficult to determine the overall roles of FGF/FGFR in the

pathogenesis of IPF. Further studies with an inhibitor specific for FGFR in pulmo-

nary fibrosis models may help to clarify the roles of FGF/FGFR, although each

isoform of FGF/FGFR cannot be analyzed minutely.

4.4.3 VEGF and VEGF Receptors

VEGF and VEGF receptors play a central role in both physiological and patholog-

ical angiogenesis [62]. The VEGF family is composed of seven members, VEGF-A,

VEGF-B, VEGF-C, VEGF-D, VEGF-E, PIGF, and svVEGF, while VEGF recep-

tors include three members, VEGFR1, VEGFR2, and VEGFR3. Within the VEGF

family, VEGF-A apparently serves as a key player in angiogenesis. Ebina

et al. reported that the number of CD34-positive vessels is increased in the early

phase of IPF of the lungs [63]. The role of angiogenesis in the development of lung

fibrogenesis has not yet been determined, although Antoniou showed elevated

VEGF levels in the BAL in patients with IPF [64]. There is limited evidence

concerning the relationship between VEGF and lung fibrosis. Farkas

et al. reported the direct effects of VEGF-A on lung fibroblasts and found that

VEGF-A enhances the collagen-I expression induced by TGF-β [65]. In addition,

Hamada et al. demonstrated that gene therapy with the soluble flt-1 gene reduces

pulmonary fibrosis in a BLM-induced model in mice [66]. On the other hand, Ou

et al. reported that the VEGFR-2 antagonist SU5416 attenuates BLM-induced lung

fibrosis in mice [67]. These reports suggest the possibility of the profibrotic effects

of VEGF, although the effects are unknown with respect to the role of each isoform

of VEGF/VEGFR.

4.4.4 TGF-β and TGF-β Receptors

The signaling pathway via the TGF-β/TGF-β receptor complex is complicated

[68, 69]. Human TGF-β ligand has three isoforms TGF-β1, TGF-β2, and TGF-β3,
among which TGF-β1 has been reported to be a predominant isoform in cases of

pulmonary fibrosis [70]. The TGF-β ligand binds heterodimeric serine/threonine

kinase receptors of the TGF-β receptor I (TβRI) (ALK5) and TβRII. The binding of
TGF-β to these receptors is regulated by several molecules, including latent TGF-β
binding protein (LTBP) and integrins αVβ6. The signaling pathway in the
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cytoplasm is also complex. The classical Smad pathway and non-Smad pathway

differentially regulate the profibrotic effects of TGF-β. The biological activities of
TGF-β are extremely pleiotropic and dependent on the type of cell and pathological

condition. Representative activities are known to inhibit cell proliferation, regulate

the extracellular matrix, suppress the immune response, and induce the epithelial-

mesenchymal transition (EMT) [69]. Therefore, TGF-β is believed to play a central
role in the pathogenesis of lung fibrosis.

The expression of TGF-β has been reported to be upregulated in the IPF lungs,

particularly in AECs [71]. TGF-β stimulates the migration and production of

collagen in lung fibroblasts [68, 69]. In addition, TGF-β inhibits the apoptosis of

myofibroblasts. The involvement of TGF-β in lung fibrosis was recently demon-

strated using BLM models of pulmonary fibrosis [72–74]. However, Andoriani-

fahanana et al. showed that profibrotic TGF-β responses require the cooperative

actions of PDGF and ErbB receptor tyrosine kinases [75]. Of course, the TGF-β
function is partly mediated by the productions of CTGF and FGF-2 [76, 77]. Based

on these reports, the profibrotic effects of TGF-β are mediated by several other

growth factors, including PDGF, EGF, CTGF, and FGF-2, indicating that the role

of TGF-β in lung fibrogenesis may have been overestimated. The other concern in

targeting therapy for TGF-β is the paradoxical induction of persistent inflammation

by blocking TGF-β signals [78, 79]. Therefore, further evidence is required to

completely understand and control TGF-β signals.

4.4.5 Origin of Lung Fibroblasts and Their Contribution
to Pulmonary Fibrosis

Lung fibroblasts are thought to be differentiated from the mesoderm during embry-

onic development and exist in the interstitium of the lungs as resident fibroblasts

[80]. However, recent findings have demonstrated other origins of lung fibroblasts

[81]. In 2004, Hashimoto et al. clearly showed the existence of bone marrow-

derived fibroblasts in the lungs treated with BLM in mice [82]. The typical

phenotype of these cells was both CD45 and collagen positive, suggesting that

the characteristics of these cells are compatible with those of so-called fibrocytes

[83]. The presence of fibrocytes in the BLM model was also reported by Phillips

et al., who confirmed that the trafficking of fibrocytes is dependent on the CXCL12/

CXCR4 axis [84]. In the setting of IPF, patients with progressive fibrosis or acute

exacerbation show increased numbers of fibrocytes in the peripheral blood

[85]. However, the role of fibrocytes is currently moving to a supportive role for

resident fibroblasts via the production of growth factors as a result of the direct

contribution of collagen production in mice [86–89]. The significance of fibrocytes

in IPF should be further examined.

The other source of these cells is believed to be EMT-derived fibroblasts. In

2005, Willis et al. reported the existence of the EMT in AECs in vitro as well as in
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IPF lungs [90]. According to their data, AECs expressing both pro-SP-B and

α-SMA are present in cases of IPF. Kim et al. also reported the existence of

EMT-derived fibroblasts expressing both pro-SP-C and α-SMA in a BLM model

[91], and Tanjore found EMT-derived cells (S100A4+SP-C+) in a BLM model in

mice, although the myofibroblasts expressing α-SMA were not derived from an

EMT origin [92]. Subsequently, Rock et al. demonstrated no contribution of the

EMT in α-SMA cells or S100A4+ cells using a confocal microscopic analysis

[93]. Although these results suggest the negligible contribution of the EMT in the

pathogenesis of pulmonary fibrosis, we cannot rule out the possibility that the EMT

is partially generated or that the incomplete differentiation of AECs still contributes

by producing several mediators, albeit not ECM.

Pleural mesothelial cells (PMCs) are reported to transform into fibroblasts in

response to TGF-β in vitro [94]. In recombinant mice for GFP driven by the Wilms

tumor-1 promotor, PMCs trafficking into the lungs are found to express α-SMA

[95]. Although PMC-derived myofibroblasts are detected in the subpleural area of

the IPF lungs, the number of these cells is reduced, indicating that PMCs are not a

major source of myofibroblasts in IPF [95]. Meanwhile, endothelial cells are a

major cellular component of the lungs. Hashimoto et al. reported that endothelial

cells differentiate into myofibroblasts in vitro as well as in mice [96]. Although

further research is required in humans, the endothelial-mesenchymal transition

(EndoMT) may contribute to the onset of fibrogenesis in the case of IPF. More

recently, pericytes have become a center of attention as a novel origin of lung

myofibroblasts. Pericytes are known to be specialized mesenchymal cells that share

a common basement membrane with endothelial cells. Using Foxd1-mapping

system in genetically modified mice, Hung et al. demonstrated that 45–68 % of

myofibroblasts are derived from pericytes in the lungs of BLM-treated mice

[97]. Further analyses of pericytes in the IPF lungs are expected in future studies.

4.4.6 Loss of Alveolar Epithelial Integrity and Pulmonary
Fibrosis

The concept of epithelial cell integrity may have an effect on the pathogenesis of

IPF. Tsujino et al. found that CD151�/� mice spontaneously develop age-related

pulmonary fibrosis and display increased susceptibility to BLM-induced lung

fibrosis [98]. CD151 is a tetraspanin protein expressed on the basolateral surface

of AECs that exhibits binding with integrin α3β1 and maintains epithelial integrity

to support the adhesion of AECs to the basement membrane. In the setting of IPF,

the expression of CD151 is significantly downregulated in AECs. A similar phe-

nomenon is observed in mice deficient for phosphatase and tensin homolog deleted

from chromosome 10 (Pten). Pten is a multifunctional phosphatase that negatively

regulates the PI3K/Akt pathway. Miyoshi et al. showed that the knockdown of Pten
in AECs induces the dysfunction of tight junctions and exacerbates lung fibrosis
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induced by BLM [99]. Furthermore, the phosphorylation of Akt is enhanced in the

lungs of Pten-deleted mice, and the blockade of Akt by the inhibitor reduces

pulmonary fibrosis. Moreover, a decreased expression of Pten and enhanced phos-

phorylation of Akt are observed in the lungs of IPF animals, and the AECs in Pten-
deficient mice show reduced expressions of surfactant proteins [100]. However, it

remains undetermined whether the loss of epithelial cell integrity is a causative

factor in IPF. In contrast to that observed in CD151-deficient mice, lung fibrosis in

Pten-deficient mice is not dependent on TGF-β signals. Therefore, disorders in

epithelial integrity may be crucial and fundamental for the progression of lung

fibrosis in the case of IPF.

4.4.7 Resolution of ECM and Fibrosis

The resolution of pulmonary fibrosis is dependent on the degradation of ECMs. The

irreversible fibrosis noted in cases of IPF may be related with the abnormalities in

the resolution phase. It is known that the balance between matrix metalloproteases

and its inhibitors is theoretically crucial for ECM metabolism. The gene expression

profile determined using a microarray analysis has demonstrated that several MMPs

are associated with pulmonary fibrosis in mice and IPF patients [101–103]. How-

ever, mice deficient for MMP-3 or MMP-7 are protected from the onset of

BLM-induced lung fibrosis. On the other hand, MMP-19�/� mice show marked

enhancement of pulmonary fibrosis, indicating that the role of MMPs is compli-

cated due to the interaction of both direct and indirect effects. Recently, LeBleu

et al. identified a novel proteinase inhibitor, a human epididymis protein (HE)-4, of

the novel serine proteases Prss35 and Prss23 in a renal fibrosis model [104]. Fur-

thermore, the neutralizing antibody for HE-4 significantly improves renal fibrosis in

mice. Therefore, specific molecules related to ECMmetabolism in the lungs may be

important for regulating pulmonary fibrosis.

Another interesting point in terms of the matrix is the degree of stiffness of the

IPF lungs. Booth et al. reported the significance of the matrix, but not cells

(fibroblasts), in regulating the profibrotic phenotype [105].

4.4.8 Conclusions

Recent understanding with respect to the molecular pathogenesis of IPF was

summarized in this chapter. However, the etiology of IPF is not fully understood.

In addition, IPF is undoubtedly heterogeneous in clinical phenotype as well as

pathogenesis. It is therefore difficult to fully explore the characteristics of

fibrogenesis in the case of IPF. However, updated technology in the fields of

genetics, proteomics, and mechanics (i.e., microscopy) may help to clarify the
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remaining problems, particularly issues pertaining to the fundamental topics “what

is IPF?,” in the future.
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Chapter 5

Specific Serum Markers of IPF

What Is the Significance of KL-6, SP-A, and SP-D?

Hirofumi Chiba and Hiroki Takahashi

Abstract Idiopathic pulmonary fibrosis (IPF) is defined as a specific form of

chronic, progressive, fibrosing interstitial pneumonia of unknown cause. It is

characterized by the progressive worsening of lung function and has a poor prog-

nosis (median survival is approximately 3 years). However, the clinical course of

disease shows considerable individual variability. Therefore, it is important to

monitor the clinical course and to predict prognosis for optimal therapy. Serum

biomarkers are both less invasive and reproducible diagnostic tools. Useful bio-

markers for patients with IPF are strongly coveted; however, to date, there are no

biomarkers that are globally known. In Japan, surfactant protein (SP)-A, SP-D, and

KL-6 are commonly used as serum markers of interstitial pneumonia, including

IPF, in the clinical setting, and empirical data has been accumulated over 10 years.

SP-A and SP-D are hydrophilic proteins and members of the collectin family. These

collectins have been shown to function as host defense lectins in the lung. KL-6 is a

high molecular weight glycoprotein and now classified as a human MUC1 mucin

protein. These three proteins are mainly synthesized by alveolar type II cells. The

mechanisms of increase for these protein levels in sera of patients with IPF are

probably a combination of a loss of epithelial integrity due to injury and an

increased mass of type II cells due to hyperplasia. It has been revealed that those

proteins are useful for monitoring the clinical course and predicting prognosis as

well as for the diagnosis of IPF. In this review article, the molecular structures and

biological functions of these biomarkers are outlined, and we discuss the clinical

application of these biomarkers for patients with IPF.
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5.1 Introduction

Idiopathic pulmonary fibrosis (IPF), the most common form of the idiopathic

interstitial pneumonias (IIPs), is a progressive, irreversible, life-threatening disease

of unknown etiology. IPF occurs primarily in older adults, is limited to the lungs,

and is associated with the histopathological and/or radiological patterns of usual

interstitial pneumonia (UIP) [1–3]. Many IPF patients have a relatively slow

clinical course; however, some patients experience acute respiratory deterioration.

Patients with IPF have a poor prognosis (median survival is approximately 3 years)

with considerable individual variability in the clinical course of disease [4,

5]. Options for the treatment of IPF are limited, and lung transplantation is the

only curative therapy. To prompt consideration for lung transplantation, the impor-

tance of identifying patients with increased risk of mortality within 2 years has been

mentioned [1, 6].

Currently, several factors in predicting prognosis and evaluating disease severity

for patients with IPF have been proposed. Patients that are older and male have been

reported as having a worse prognosis in some but not all studies. Longitudinal

change in physiology is clearly an important predictor of mortality in IPF. A decline

in FVC over 6 or 12 months has been reliably associated with decreased survival

[7–10]. A decline in DLco has also been associated with decreased survival [9,

10]. Some studies have suggested that desaturation during the 6-min walk test is a

marker for an increased risk of mortality [11, 12].

Biomarkers for IPF are highly desired for several reasons. These include

predicting patients at risk for developing IPF (predisposition biomarkers), diagnos-

ing patients with IPF (screening or diagnostic biomarkers), monitoring clinical

course and therapeutic effects (monitoring or therapeutic biomarkers), and

predicting prognosis and evaluating disease severity (prognostic and staging bio-

markers). In addition, serological biomarkers are preferred because they do not

require an effort from patients, can be reproducible, and are less invasive. To date,

there are no biomarkers used worldwide in the clinical setting. Several candidate

biomarkers have been mentioned, namely, surfactant protein (SP)-A, SP-D, KL-6,

matrix metalloproteinase (MMP)-1, MMP-7, and CC chemokine ligand-18

(CCL18) [13–18]. In Japan, SP-A, SP-D, and KL-6 are commonly used as serum

markers of interstitial pneumonia, including IPF, in clinical settings, with empirical

data accumulated for the last 10 years. We extensively discuss this issue in this

article based on accumulated experience.

62 H. Chiba and H. Takahashi



5.2 What Molecules Are SP-A and SP-D?

5.2.1 Structural Organization of SP-A and SP-D

SP-A and SP-D are structurally similar to the C1q component of complement- and

mannose-binding protein. These molecules are members of the collectin family.

The collectins possess four major structural domains: (1) an amino terminus

containing a cysteine involved in interchain disulfide bond formation, (2) a

collagen-like domain consisting of Gly-X-Y repeats, (3) a neck domain containing

a short hydrophobic stretch of amino acids and amphipathic helix, and (4) a lectin

domain (a carbohydrate recognition domain, CRD). The collagenous domains

promote trimerization, and the trimers undergo disulfide cross-linking to form

higher-order oligomers. SP-A forms a bouquet-like octadecamer assembled from

six trimers, whereas SP-D forms a cruciform dodecamer assembled from four

trimers (Fig. 5.1) [19–22]. The monomeric molecular mass of SP-A and SP-D is

30–36 kD and 43 kD, respectively. The molecular mass of the SP-A octadecamer is

reported to be approximately 650 kD by gel filtration analysis and that of the SP-D

dodecamer is approximately 540 kD [23].

5.2.2 Biochemical and Biological Functions of SP-A
and SP-D

Within the lung, SP-A and SP-D are produced in alveolar type II cells and Clara

cells. These pulmonary collectins bind to mannose, maltose, glucose, and fucose

with higher affinities [24, 25]. SP-A interacts with surfactant phospholipids includ-

ing dipalmitoylphosphatidylcholine (DPPC) and glycosphingolipids, such as

galactosylceramide, in addition to the carbohydrates [26, 27]. SP-D also binds to

phosphatidylinositol (PI) and glucosylceramide [28, 29].

Pulmonary collectins have been shown to function as host defense lectins

[30]. The proteins have been shown to bind gram-negative bacteria including

Escherichia coli, Klebsiella pneumoniae, and Haemophilus influenzae, gram-

positive organisms such as Streptococcus pneumoniae, fungi including Aspergillus
and Candida, and other pathogens including Mycobacterium tuberculosis,
Pneumocystis carinii, and influenza virus. SP-A is thought to bind to pathogens

via its CRD [31, 32]. The in vivo studies clearly reveal that pulmonary collectins

are involved in bacterial clearance. SP-A binds to and enhances the phagocytosis of

bacteria including Staphylococcus aureus, Klebsiella pneumoniae, Mycobacterium
tuberculosis, and Haemophilus influenzae by alveolar macrophages [33]. SP-D also

binds to microorganisms and aids opsonization and phagocytosis by alveolar

macrophages [34]. Pulmonary collectins have been shown to function as inflam-

matory modulators in the lung. Pathogen-associated molecular patterns (PAMPs),

such as lipopolysaccharide (LPS) and peptidoglycan, are potent stimulators of
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inflammatory cytokine secretion. Pattern recognition receptors, including Toll-like

receptor (TLR) and CD14, are responsible for the recognition and signaling of

PAMPs and cytokine production. A previous study demonstrated the different

actions of SP-A for distinct serotypes of LPS. SP-A inhibits the macrophage-

derived TNF-α secretion induced by smooth LPS, which is a complete structural

form of LPS. On the other hand, SP-A does not attenuate or even augment TNF-α
secretion elicited by rough LPS, which does not express O-specific antigen and is an

SP-A ligand. These distinct effects of SP-A occur through the direct interaction of

SP-A with CD14 [35]. SP-A also inhibits TNF-α secretion by gram-positive

bacteria via the interaction with SP-A and TLR2, which recognizes peptidoglycan,

Fig. 5.1 Structures of SP-A and SP-D. Monomeric and oligomeric structures of SP-A and SP-D.

Monomeric structures can be conceptually divided into four major structural domains: a short

N-terminal segment containing two intermolecular disulfide bonds, a collagen-like sequence of

Gly-X-Y repeats, an acidic and hydrophobic neck domain, and a C-terminal carbohydrate recog-

nition domain (CRD). The CRD contains a calcium-dependent, carbohydrate-binding site. The

matured molecule of SP-A and SP-D contains six and four trimeric subunits, respectively
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a major cell wall component of gram-positive bacteria [36]. Taken together, lung

collectins exhibit both inflammatory and anti-inflammatory functions. These dis-

tinct activities depend on the ligand-binding specificities of collectins.

5.3 What Molecule Is KL-6?

Anti-KL-6 monoclonal antibody (mAb) was first developed to recognize sialylated

sugar chains as a serum tumor biomarker for pulmonary, breast, and pancreatic

cancers. Although the precise epitope structure recognized by the anti-KL-6 mAb

was unclear, the possible carbohydrate epitopes have been reported to be novel

O-linked glycans containing 60sulfo-Gal/GalNAc of MUC1 [37]. Hirasawa

et al. reported that KL-6 was a submolecule of MUC1 based on the results of a

carbohydrate composition analysis [38]. KL-6/MUC1 is commonly used to denote

the KL-6 molecule.

MUC1 is a large glycoprotein containing three domains: (1) a cytoplasmic tail,

(2) a single transmembrane region, and (3) an extracellular domain. The extracel-

lular region of MUC1 contains sites of O- and N-linked glycosylation and variable

number tandem repeat (VNTR) domains with 20–100 repeats of a 20-amino-acid

sequence. MUC1 has an extended, rigid structure protruding 200–500 nm above the

plasma membrane and is found on the apical surface of normal glandular epithelial

cells (Fig. 5.2) [39, 40].

Cleavage site

Cytoplasmic
tail

Variable number of tandem repeats
(VNTRs)

GSTAPPAHGVTSAPDTRPAP

25-125 repeats of a 20-amino acid sequence

Transmembrane region
10-30 nm

Length, 200-500 nm

N-linked carbohydrate
O-linked carbohydrate

Fig. 5.2 Structure of MUC1. MUC1 is a large glycoprotein that contains three major structures: a

cytoplasmic tail, a single transmembrane region, and an extracellular domain. The extracellular

region contains sites of O- and N-linked glycosylation and variable number tandem repeat (VNTR)

domains of 20–100 repeats of a 20-amino-acid sequence
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5.3.1 Biochemical and Biological Functions of KL-6

KL-6 is normally expressed on the apical surface of glandular epithelial cells in

many types of tissue including the breast, lung, and ovary. In the normal lung tissue,

it is produced in alveolar type II cells and respiratory bronchiolar epithelial cells

and is weakly expressed in basal cells of the terminal bronchial epithelium [41,

42]. KL-6 can be cut and released from the cell surface through the action of TNF-α
converting enzyme (TACE; also called a disintegrin and metalloproteinase

17 [ADAM17]) and potentially ADAM9 [40, 43]. In addition, some soluble KL-6

may result from alternative splicing. In a transfection study using breast cancer

cells, MUC1 prevented E-cadherin-mediated cell-cell and cell surface adhesion

[44]. Another study demonstrated that anti KL-6 mAb mediates capping of MUC1

and restores E-cadherin, leading to inhibition of tumor proliferation [45]. These

results suggested that KL-6 may be a target molecule of cancer therapy. In relation

to the pathological role of lung fibrosis, previous reports have shown that KL-6 is

one of the chemotactic factors for fibroblasts and has both proliferative and

antiapoptotic effects for fibroblasts [38, 46]. These results indicate that KL-6 may

stimulate fibrotic processes in interstitial lung diseases and support the theory that

KL-6 is one of the key molecules involved in the intra-alveolar fibrotic process of

pulmonary fibrosis.

5.4 How Do SP-A, SP-D, and KL-6 Appear

in the Bloodstream?

Although surfactant proteins had been believed to be solely in the lungs, Chida

et al. reported that surfactant proteins could be found in the sera of patients with

RDS using a competitive ELISA with polyclonal antibody against SP-A or SP-B. A

positive result for SP-A was obtained in four infants with RDS at 1 week of age and

one surfactant-treated infant. All sera obtained at 2 months of age were negative for

SP-A and SP-B. The specificities of antibodies and the presence of surfactant

proteins in serum were not demonstrated in this study [47]. The enzyme-linked

immunosorbent assay (ELISA) with two mAbs (PC6 and PE10) to human SP-A has

been applied to the sera of patients with interstitial lung diseases. The sandwich

ELISA is capable of determining an SP-A level ranging from 2 to 250 ng/mL when

native SP-A isolated from patients with pulmonary alveolar proteinosis is used as a

standard [15, 48]. Since human SP-A has been found to contain group A antigenic

determinants, the criticism may be raised that monoclonal antibodies PC6 and PE10

may recognize simply group A antigen but not SP-A in the blood samples. When

human serum is applied to an affinity column on mannose-sepharose and the serum

proteins binding to the mannose-affinity matrix are analyzed by immunoblotting

using anti-SP-A monoclonal antibody or anti-SP-D monoclonal antibody, the

fraction with lectin activity contains approximately 35 kDa protein and 43 kDa
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protein, which correspond to the molecular sizes of SP-A and SP-D, respectively,

purified from bronchoalveolar lavage fluid (BALF) [49]. This demonstrates that

SP-A and SP-D exist in the bloodstream. One study has experimentally demon-

strated that SP-A leaks from alveolar spaces into vessels. Human recombinant SP-A

and/or artificial surfactant was intratracheally injected into immature newborn

rabbits, and human SP-A in alveolar washings and sera was monitored by ELISA

with PC6 and PE10, which do not cross-react with rabbit SP-A. The group that

intratracheally received human SP-A and saline showed that 2.4 % of the human

SP-A which was instilled into the lungs was detected in sera by ELISA. Since the

group receiving saline alone showed no detectable human SP-A in sera, this study

clearly demonstrates that SP-A leaks from alveolar space into the bloodstream

[50]. Although the exact mechanism for the increase of SP-A and SP-D in sera of

patients with interstitial pneumonia remains unknown, it is probably a combination

of a loss of epithelial integrity due to injury and an increased mass of alveolar type

II cells due to hyperplasia (Fig. 5.3).

Regenerating alveolar type II cells are the main cellular source of KL-6 in the

lungs of patients with interstitial pneumonias, including IPF and KL-6, which are

present at high levels in BALF [51]. A correlation between KL-6 levels measured in

BALF and in serum was shown in patients with interstitial pneumonia. In patients

with chronic beryllium disease, KL-6 serum levels correlated with albumin levels in

BALF [52]. These results demonstrated that KL-6, which was produced in the

lungs, appeared in the bloodstream as well as lung collectins and that serum KL-6

Capillary

Alveolar type II cell

Alveolar macrophage

Clara cell

SP-D
KL-6
SP-A

KL-6

Basement membrane

Bronchus

Alveolus

Increase protein production 
by (regenerating) alveolar type II cells 

Enhancement of permeability

Fig. 5.3 Mechanism for the blood uptake of SP-A, SP-D, and KL-6. The increased serum levels of

SP-A, SP-D, and KL-6 may be due to an increase in production of these proteins by (regenerating)

alveolar type II cells and enhanced permeability following the destruction of the alveolar-capillary

barrier

5 Specific Serum Markers of IPF 67



levels reflected the permeability of the air-blood barrier (Fig. 5.3). Since KL-6 is an

extremely high molecular weight glycoprotein, both the destruction of the alveolar-

capillary barrier and the enhancement of alveolar-capillary permeability are

thought to be necessary for the leakage of KL-6 into the bloodstream.

5.5 Utility as Biomarkers for Screening and Monitoring

of Patients with IPF

The mean level of SP-A in sera from 323 healthy control subjects was estimated to

be 24.6� 9.6 ng/mL [53], and there was no difference in the levels stratified by

gender and age [54]. However, the SP-A levels tend to be slightly higher in cigarette

smokers [55]. The mean level of SP-D in sera from 129 healthy control subjects was

49� 24 ng/mL, and there was also no difference between SP-D levels by gender

and age [56]. We reported that the serum SP-A and SP-D levels in patients with IPF

were increased: mean levels of 77.6� 47.6 ng/mL and 303� 220 ng/mL (n¼ 57),

respectively. When the cutoff values (mean� 2SD of healthy control subjects) were

set at 43.8 ng/mL for serum SP-A and 109.8 ng/mL for serum SP-D, IPF patients

showed high sensitivities for SP-A (78 %) and SP-D (87 %). These values were

extremely high in comparison with lactate dehydrogenase (LDH) (17 %), which is

not specific to the lungs and is released from many organs [13–15, 48, 56].

Kohno et al. reported that the average serum levels of KL-6 for 160 healthy

control subjects was 258� 131 U/mL (mean� SD). When the upper limit of

normal range was set at 520 U/mL (mean� 2SD), the positive late for idiopathic

interstitial pneumonia, including IPF, is 74 % (28 of 38) [42].

It should be noted that serum levels of these three markers increase in some

diseases and are not specific to IPF. Previous studies have demonstrated that the

levels of SP-A, SP-D, and KL-6 are elevated in sera from patients with IPF and

other interstitial lung diseases (ILDs) such as collagen vascular disease (CVD)-

ILD, radiation-induced pneumonitis, pulmonary alveolar proteinosis, and ARDS

[14, 15, 48, 57–60]. Thus, these biomarkers may reflect alveolar epithelium cell

dysfunction in a broad sense, which may not be specific to the pathogenesis of IPF.

In addition, patients with advanced stages of lung cancer show high concentrations

of these biomarkers in sera. Serum KL-6 is also elevated in patients with advanced

stages of pancreatic and breast cancers [41, 61]. Serum SP-A, SP-D, and KL-6 are

also elevated in some infectious diseases such as pneumocystis and cytomegalovi-

rus pneumonia [62, 63].

With regard to monitoring of clinical course, acute exacerbation is an extremely

important phenomenon. We reported that the most common cause of death in

Japanese IPF patients was acute exacerbation with a frequency of 40 % in a

large-scale epidemiological survey [64]. It is important to promptly know about

the occurrence of acute exacerbation and to start optimal therapy. High-resolution

computed tomography (HRCT) is a reliable examination method for detecting acute
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exacerbations; however, it is not always possible to be repeated at frequent inter-

vals. The serum levels of these biomarkers increase without exception when

patients with IPF develop respiratory failure due to acute exacerbation [13,

65]. In contrast, IPF patients developing respiratory failure due to bacterial infec-

tion seldom show high levels of these biomarkers. Therefore, the measurements of

these biomarkers may support the differential diagnosis for causes of acute respi-

ratory failure. Moreover, in many patients, the levels concomitantly decline

promptly with clinical improvement, suggesting that these biomarkers may be

reliable monitoring markers.

5.6 Utility as Biomarkers for Evaluating Disease Activity

and Predicting Prognosis of Patients with IPF

It is an important role for biomarkers to predict prognosis because patients with IPF

have considerable individual variability in clinical course of disease. Our study

demonstrated that high levels of serum SP-A and SP-D were associated with

mortality in patients with IPF. Fifty-two IPF patients were studied to evaluate the

association between serum SP-A and SP-D and deterioration in pulmonary function

and survival during 3 years of follow-up. The SP-D concentration, unlike that of

SP-A, was related to the rate of deterioration per year in pulmonary function. The

concentrations of SP-A and SP-D in patients who died within 3 years were

significantly higher than in patients who were still alive after 3 years. Initial SP-A

levels in non-survivors (117.7� 66.8 ng/mL) were significantly higher than those in

survivors (68.8� 40.4 ng/L) ( p¼ 0.0125). Initial SP-D levels in non-survivors

(453.7� 290.3 ng/mL) were also significantly higher than those in survivors

(248.0� 176.4 ng/mL) ( p¼ 0.0032) [13]. In a study using Cox’s proportional

hazards model, Greene et al. found that the levels of serum SP-A (log of SP-A,

HR, 1.73; p¼ 0.031) and SP-D (log of SP-D, HR, 2.04; p¼ 0.003) in patients with

IPF (n¼ 142) were significant predictors of mortality after adjusting for smoking

history and age [14]. These studies were performed before ATS/ERS consensus

classification for the diagnosis of IPF and might have included patients with

nonspecific interstitial pneumonia [2]. Kinder et al. found that serum SP-A levels

(each increase of 48.7 ng/mL, HR, 3.27; p¼ 0.003) were associated with an

increased risk of 1-year mortality after controlling for known clinical predictors.

There was no significant association between SP-D level and mortality, although

addition of SP-D to SP-A improved 1-year mortality prediction significantly (area

under the curve, 0.89 vs 0.76; p¼ 0.03) [66].

Satoh et al. reported that patients with higher levels of KL-6 had increased risk of

mortality in patients with ILD [67]. During the study period (1999–2005),

219 patients (152 patients with IIP and 67 patients with CVD- ILD) were enrolled

in this study. On HRCT scan, 183 patients showed an IPF/usual IP pattern. The

median follow-up period of the 219 patients was 20 months. Overall mortality was
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26.5 %. Serum KL-6 levels in the 58 non-survivors (median, 1330 U/mL) were

significantly higher than those of the 161 survivors (median, 823/U/mL)

( p¼ 0.0004). On the basis of receiver operating characteristic (ROC) analysis,

the optimal point on the ROC curves for discriminating between survivors and

non-survivors corresponding to KL-6 was 1000 U/mL. When the optimal cutoff

level of 1000 U/mL was applied, its sensitivity was 67.2 % and specificity was

60.2 %. Yokoyama et al. reported a correlation between serum KL-6 levels and

survival [16]. Twenty-seven patients with IPF were assessed retrospectively. Dur-

ing the 3 years of observation, 10 of 27 patients died. On the basis of univariate

logistic correlation analysis, both KL-6 and LDH had significant correlations with

survival among the six variables (age, VC% predicted, PaO2, C-reactive protein,

LDH, and KL-6). Furthermore, multivariate analysis revealed that KL-6 but not

LDH predicted prognosis. When the optimal cutoff level of 1000 U/mL was

applied, survival was significantly different between the two groups (median

survival, 36 months vs 18 months).

Song et al. hypothesized that a combination of biomarkers may be a more

accurate predictor than any single biomarker alone [17]. In 118 patients with IPF,

the predictive power of serum levels of biomarkers (SP-A, SP-D, KL-6, and

MMP-7) and the predictive power of biomarkers in combination for clinical out-

comes were shown. The data showed that blood levels of MMP-7 and SP-A are

useful predictors of mortality and disease progression in IPF. The combination of

both biomarkers yielded only marginally better prediction than clinical parameters

alone; however, with addition of three biomarkers (MMP-7, SP-A, and KL-6), the

improvement in predictability became statistically significant [17].

5.7 Relation Between HRCT Findings and Biomarkers

HRCT scanning is widely recognized to be a gold standard in determining disease

activity and extent of pulmonary fibrosis. The HRCT pattern of IPF commonly

shows patchy, predominantly peripheral, subpleural, bibasal reticular abnormali-

ties. There may be a variable amount of ground-glass opacity (GGO) and alveolar

opacity (AO). In areas of more severe involvement, there is often reticular opacity,

traction bronchiectasis (TBE), and subpleural honeycombing (HCMB). The GGO

observed on HRCT in patients with IPF can be associated with alveolar inflamma-

tion, mild fibrotic thickening of alveolar septa, and intraluminal fibroblastic foci.

Areas of GGO often progress to reticular opacity or HCMB on follow-up

evaluation.

We evaluated HRCT findings from 49 IPF patients to assess the correlation

between scoring of HRCT findings and serum SP-A and SP-D levels [13]. In this

study, the extent of GGO correlated significantly with serum levels of SP-A and

SP-D (SP-A, ρ¼ 0.791, p< 0.0001; SP-D, ρ¼ 0.446, p< 0.0001, p¼ 0.0034, when

analyzed using Spearman’s rank correlation test), whereas the extent of HMCB did

not correlate with levels of either surfactant proteins. Next, we divided the IPF
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subjects into two subgroups: GGO-dominant type and parenchymal collapse opac-

ity (PCO), which was defined as air bronchiolograms with intense lung attenuation

with parenchymal collapse, often accompanied by thickened vessels and traction

bronchiectasis. PCO may reflect collapsed and fibrotic abnormalities in peripheral

airspaces of alveoli and bronchioles. SP-A levels (51.3� 33.3 ng/mL) in

PCO-dominant type were significantly ( p¼ 0.0003) lower than those

(98.3� 55.8 ng/mL) in the GGO-dominant type, whereas SP-D levels were not

significantly different for two types (GGO-dominant type, 243.1� 142.4 ng/mL;

PCO-dominant type, 266.6� 161.1 ng/mL). The sensitivity of SP-A (52 %) was

inferior to SP-D (83 %) in the PCO-dominant group. This may explain why SP-D is

superior to SP-A in detecting mild interstitial changes, and mechanisms of increases

in these proteins may differ.

5.8 Mechanism and Significance for Dissociation Among

Serum Biomarker Levels

Simultaneous measurement of the serum levels of SP-A, SP-D, and KL-6 in

patients with IPF sometimes reveals a dissociation among these serum biomarkers.

For instance, an increase in the serum levels of SP-A and SP-D even in early and

mild lung injury is often observed, while serum KL-6 levels remain unchanged

[68]. The increases in serum KL-6 mean a leakage of high molecular weight protein

from the alveolar space into the bloodstream, and that indicates an intense destruc-

tion of the alveolar-capillary barrier. It is believed that the discrepancy between

serum KL-6 and lung collectins reflects the difference in the extent of alveolar

epithelium damage. As another mechanism for dissociation, the dissociation

between KL-6 and collectins in patients with acute eosinophilic pneumonia

(AEP) may be a good case. Serum SP-A and SP-D are present at quite high levels;

however, serum KL-6 remains at low level in AEP patients [69]. Lung collectins are

secretory proteins, while KL-6 is basically a structural component of the cell

membrane and its extracellular domain binds to the cell surface. Therefore, the

presence of some proteinase, such as ADAM17 or ADAM9, to cleave its extracel-

lular domain, may be essential for liberation into the alveolar space. If enzyme

activity is lacking, KL-6 will be limited on the cell surface even though severe

interstitial damage exists. BALFs from IPF patients show high concentrations of

KL-6; however, KL-6 in the BALFs from AEP patients are within normal range,

suggesting the mechanism responsible for the difference may be associated with the

secretion manner of these proteins.

SP-A and SP-D are proteins with high homology and similar molecular weight;

however, patients often showed differences in serum levels for the two proteins. A

recent study from this laboratory demonstrated that the difference in hydrophilicity

of the two proteins could be the cause of their difference in migration from the air

space into the bloodstream [70]. Most of the SP-A found in the alveolar space is
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bound to DPPC, which is the main component of pulmonary surfactant. In contrast,

SP-D remains in a lipid-free state in the alveolar space. SP-A decreases hydrophi-

licity by binding to DPPC, thus making it more difficult for SP-A to migrate to the

bloodstream. Because SP-D leaks into the circulation more easily than SP-A, serum

levels of SP-D may reflect pathological changes of the disease more sharply than

those of SP-A.

In addition to the above mechanisms, the difference in half-life of these bio-

markers in the bloodstream may also be related to dissociation.

5.9 Biomarkers for IPF Other Than SP-A, SP-D, and KL-6

Some studies have reported new candidates for biomarkers of IPF other than SP-A,

SP-D, and KL-6. CCL18 is a chemotactic factor produced by alveolar macrophages

and stimulates collagen production in pulmonary fibroblasts by TGF-β-signaling
pathway in an independent manner. In interstitial pneumonia including IPF, the

number of CCL18-positive macrophages increased. In 72 patients with IPF, it was

demonstrated that baseline serum CCL18 levels predicted a change in TLC and

FVC at 6-month follow-up [18]. ROC analysis revealed a significant relationship

between survival and baseline CCL18 levels. The cutoff value with the highest

diagnosis accuracy was defined as 150 ng/mL ( p< 0.0001). The hazard propor-

tional ratio adjusted for age, sex, and baseline pulmonary function data was 8.0.

There was a higher incidence of disease progression in the group with high serum

CCL18 levels. Therefore, serum CCL18 levels may be one of several useful

prognostic biomarkers.

MMPs are a large family of zinc-containing metallopeptidases that degrade

biological mediators and facilitate cell migration. MMPs are critically important

in homeostasis of the ECM, expressed at low levels in healthy tissue, and

upregulated in wound healing. MMPs are some of the most highly expressed

genes in the lungs of IPF patients. In IPF-affected lungs, MMPs are primarily

produced by activated alveolar type II cells; however, a few enzymes are produced

by fibroblasts within the fibroblast foci. In 74 patients with IPF, serum MMP-1 and

MMP-7 levels were significantly higher in IPF patients compared to healthy sub-

jects [71]. MMP-1 and MMP-7 serum protein levels are also higher in IPF com-

pared with subacute/chronic hypersensitivity pneumonia, sarcoidosis, and COPD.

In addition, MMP-7 levels correlate with impairment of pulmonary function (FVC

and DLco) in patients with IPF. In a large clinical trial cohort of IPF subjects

(n¼ 438), MMP-7 was an independent predictor of survival in a model including

clinical parameters (sex, FVC, DLco) and MUC5B genotype ( p¼ 0.04).
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5.10 Conclusion

IPF is a biologically heterogenous disease. Diversity is one of the features of this

disease. In clinical practice for patients with IPF, the biomarkers are required in the

following points: diagnosing the patients (diagnostic biomarkers), monitoring clin-

ical course and therapeutic effect (monitoring or therapeutic biomarkers), and

predicting prognosis (prognostic biomarkers). To date, there are no universally

accepted biomarkers used in the clinical setting.

In Japan, SP-A, SP-D, and KL-6 are commonly used as serum markers of

interstitial pneumonia, including IPF, in clinical settings. The mechanisms under-

lying serum elevation probably include a combination of epithelial injury and

breakdown, together with increased accumulation of alveolar type II cells due to

hyperplasia. Multiple studies have demonstrated the utility of these biomarkers for

IPF. These markers are useful for diagnosing, monitoring, and predicting prognosis

of patients with IPF. The serum levels of these biomarkers sometimes reveal a

dissociation. It is believed that the dissociation between serum KL-6 and lung

collectins reflects the difference of the extent of alveolar epithelium damage.

Some studies have reported new candidates for biomarkers of IPF other than

SP-A, SP-D, and KL-6. These biomarkers could, in the near future, improve

accuracy of diagnosis and predictability of prognosis and lead to optimal therapy.
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Chapter 6

High-Resolution Computed Tomography

of Honeycombing and IPF/UIP

ToWhat Extent Can Honeycomb Lung Be Diagnosed by

Imaging? To What Extent Can IPF Diagnosis Be Made

by HRCT?

Fumikazu Sakai

Abstract Typical and atypical imaging findings, differential diagnosis, complica-

tions of disease itself and roles of imaging, and problems in diagnosis of idiopathic

pulmonary fibrosis/usual interstitial pneumonia (IPF/UIP) are described. Pathologic

hallmarks of IPF/UIP are perilobular/periacinar fibrosis, temporal/spatial heteroge-

neity, advanced fibrosis, and small concentrated areas of nearly normal lung.

Typical high-resolution computed tomographic (HRCT) features of IPF/UIP are

subpleurally located reticular opacity or honeycomb lung in the dorsal aspect of

bilateral lower lobes. Honeycomb lung (honeycombing) is a key finding in the

diagnosis of IPF/UIP, but experienced radiologists sometimes disagree in judging

honeycomb lung at HRCT. Early diagnosis of IPF/UIP requires establishment of

diagnostic criteria other than honeycombing and investigation of HRCT findings

that correspond with temporal and spatial heterogeneity.

Keywords Heterogeneity • Honeycomb lung • HRCT • Pathology • Perilobular

fibrosis • Usual interstitial pneumonia

6.1 Introduction

Idiopathic pulmonary fibrosis (IPF), a form of idiopathic interstitial pneumonia

(IIP), has no apparent cause, is observed most commonly in older male smokers,

follows a progressive course, and offers a poor prognosis. Its pathological pattern is

that of usual interstitial pneumonia (UIP).
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The 2011 international guideline for the diagnosis and treatment of IPF/UIP

published by the American Thoracic Society (ATS), European Respiratory Society

(ERS), Japanese Respiratory Society (JRS), and Latin American Thoracic Associ-

ation (ALAT) [1] and the 2013 international multidisciplinary classification of IIPs

of the ATS and ER [2] emphasize the need for multidisciplinary discussion among

clinicians, radiologists, and pathologists that integrates clinical, imaging, and

pathological information to establish diagnosis except when disease manifests

typical clinical findings.

Findings of HRCT are very important in diagnosing IPF/UIP. Diagnosis of IPF is

possible without surgical lung biopsy when HRCT demonstrates a typical (definite)

IPF/UIP pattern and causes of interstitial pneumonia remain unknown, but acqui-

sition of pathological findings by surgical lung biopsy is necessary when HRCT

findings are atypical or inconsistent with UIP/IPF.

Imaging findings presumed from pathologic features, differential diagnosis, and

limitations and roles of imaging evaluation in the diagnosis and treatment of

IPF/UIP will be described.

6.2 Honeycomb Lung (Honeycombing)

6.2.1 Definition of Honeycomb Lung

Honeycomb lung is one of the most important findings of IPF/UIP. The term was

originally used to describe a macroscopic finding of bronchiectasis and has been

used to describe multiple cystic lesions in chronic fibrosing interstitial pneumonia

(CFIP) since Liebow and coworkers organized the pathologic findings of interstitial

pneumonia [3]. Most pathologists have adopted the term pathologic honeycombing

to describe the dilatation of a small airway surrounded by infolded fibrotic alveolar

wall and microscopic honeycomb to describe a constellation of cysts smaller than

one to 2 mm in size with fibrosis (Fig. 6.1a, b). Honeycomb lung must be differ-

entiated pathologically from the constellation of traction bronchiectasis (Fig. 6.2)

and such destructive changes as pulmonary emphysema (Fig. 6.3a, b).

6.2.2 Disagreement Among Radiologists in Judging
Honeycomb Lung

According to Fleischner Society nomenclature, radiological honeycomb lung

describes findings of a cluster of relatively thick-walled cysts (3–10-mm diameter

and 1–3-mm cyst wall thickness) in peripheral (subpleural) regions of the lung that

are most frequently seen in IPF/UIP [4]. These radiological findings correspond
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with pathologic features – cystic space with small dilated airway and thick cyst wall

with infolded fibrotic pulmonary parenchyma – that definitely differ from such

destructive change as that of pulmonary emphysema.

Fig. 6.1 Typical honeycomb lung. (a) High-resolution computed tomography (HRCT) shows

clustered multiple cysts of which walls are relatively thick. The diameter of each cyst is one cm or

less. Honeycomb lung is located subpleurally. (b) Reformatted coronal image shows a constella-

tion of multiple cysts located in the subpleural regions

Fig. 6.2 Traction bronchiectasis in advanced fibrotic nonspecific interstitial pneumonia (fNSIP).

High-resolution computed tomography (HRCT) of advanced fNSIP shows a constellation of

traction bronchiectasis in the right middle lobe, evidenced by the course of the dilated bronchi

within the CT plane. In the right lower lobe, a multicystic shadow may represent a constellation of

traction bronchiectasis when dilated bronchi are sliced in the transverse plane perpendicular to the

axes of the bronchi or honeycomb lung (circled)
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Because the limited spatial resolution of HRCT prevents observation of

microscopic honeycomb lung, radiological description must be confined to mac-

roscopic honeycombing, and the term honeycomb lung must be used with extreme

caution. Even experienced radiologists may disagree in judging honeycomb

lung [5], primarily because various pathologic processes mimic its appearance

and the term is used to describe different entities in the fields of pathology and

radiology.

Mimickers of honeycomb lung in emphysema include pneumonia and other

disease processes with diffuse ground-glass opacity (GGO)/consolidation, though

GGO/consolidation does not occur in the holes of emphysema, pneumonia that

resembles Swiss cheese on HRCT (Fig. 6.3), and the multiple cysts frequently

observed in pulmonary fibrosis concomitant with emphysema (Fig. 6.4a, b).

Constellated traction bronchiectasis may also simulate honeycomb lung when

dilated bronchi are sliced in the transverse plane perpendicular to their axes

(Fig. 6.2). The use of coronal/sagittal reconstructed images or 3-dimensional

display may improve its differentiation from honeycombing. It is very confusing

that traction bronchiectasis may intermingle with honeycombing and that a con-

stellation of “pure” traction bronchiectasis may simulate honeycomb lung

(Fig. 6.5a, b).

Fig. 6.3 Pneumonia and emphysema (Swiss cheese appearance). (a) Chest x-ray shows

overinflation of both lungs. Abnormal opacity is noted in the right middle to lower lung fields.

(b) High-resolution computed tomography (HRCT) shows a multicystic shadow and ground-glass

opacity/consolidation in the right lower lobe. Emphysema is evident in the lung fields without

ground-glass opacity/consolidation
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6.3 Imaging Findings of Idiopathic Pulmonary Fibrosis/

Usual Interstitial Pneumonia

6.3.1 Pathologic Criteria of IPF/UIP

Pathologic hallmarks of the UIP pattern include perilobular/periacinar fibrosis

and spatial and temporal heterogeneity. Advanced fibrotic change, such as

honeycombing, exists in close proximity with nearly normal lung tissue, typically

Fig. 6.4 Pulmonary fibrosis concomitant with pulmonary emphysema. (a) Computed tomography

(CT) of upper lung shows paraseptal and centrilobular emphysema mixed with ground-glass

opacity and reticular opacity. (b) CT scan of lower lung shows multiple cysts including large

thick-walled cysts that mimic honeycombing

Fig. 6.5 Advanced fibrotic nonspecific interstitial pneumonia (fNSIP). (a) High-resolution com-

puted tomography (HRCT) of lower lung shows traction bronchiectasis mixed with multiple cysts

that mimics honeycomb lung. (b) Reformatted coronal image shows most of cystic structures are

constellation of traction bronchiectasis
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within the same pulmonary lobule, and the borders of fibrotic foci are very sharp

and abruptly abut lung that is nearly normal [6].

Fibrosis with a UIP pattern may be seen in such diseases as secondary interstitial

pneumonia of known cause, interstitial pneumonia with collagen vascular disease

(CVD-IP), chronic hypersensitivity pneumonitis (CHP), sarcoidosis, and asbesto-

sis. Pathologic findings of CVD-IP frequently show rich aggregated lymphatic

follicles with germinal center, pleuritis, bronchiolitis, and other features. Typically,

CHP shows airway-centered fibrosis and small granulomas related to airways, but

these features may be absent. The multidisciplinary discussion to diagnose IPF/UIP

must exclude these secondary IPs with a UIP pattern.

The 2011 international diagnostic guideline [1] classifies pathologic patterns as

definite, probable, possible, and not UIP based on the combination of several

pathologic findings.

A definite UIP pattern comprises marked fibrosis/architectural distortion with or

without honeycomb lung located predominantly in subpleural and paraseptal

regions, patchy involvement by fibrosis, fibroblastic foci, and absence of any

finding that contraindicates the diagnosis of IPF/UIP. Findings that rule out IPF/UIP

include hyaline membrane, organizing pneumonia, marked inflammatory cell infil-

tration, granulomas, predominant airway-centered change, and any other finding

that suggests an alternative diagnosis.

A probable UIP pattern includes marked fibrosis/architectural distortion with or

without honeycomb lung, absence of either patchy involvement or fibroblastic foci,

and absence of any finding that contraindicates the diagnosis of IPF/UIP.

A possible UIP pattern demonstrates patchy involvement of the lung by fibrosis

with or without honeycomb lung and absence of any finding that contraindicates the

diagnosis of IPF/UIP.

The definite UIP pattern includes perilobular (subpleural and/or paraseptal)/

periacinar fibrosis and temporal/spatial heterogeneity, but the probable and possible

UIP patterns may include other pathologic patterns than those of IPF/UIP, such as

fibrotic nonspecific interstitial pneumonia (fNSIP), interstitial pneumonia with

collagen vascular disease, or chronic hypersensitivity pneumonia.

6.3.2 HRCT Criteria of IPF/UIP

HRCT images must be included in the analysis of radiological findings of interstitial

pneumonia [7–10]. Nishimura and associates described HRCT findings of IPF/UIP

as perilobular fibrosis (abnormal opacities along the pleura, bronchial wall, large

vessels, and interlobular septa) [11] (Fig. 6.6). Intralobular interstitial changes

correspond with periacinar fibrosis along the intralobular veins. Fibrotic change is

shown by reticular opacity or honeycomb lung. Honeycomb lung is a key finding of

IPF/UIP and more extensive in UIP than NSIP [12–17] (Figs. 6.5 and 6.6).
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Approximately one third of UIP diagnosed by video-assisted thoracoscopic

surgery (VATS) mimics NSIP at HRCT [18, 19], probably because surgical lung

biopsy is performed to diagnose IPF/UIP with atypical findings on radiology and

Fig. 6.6 Idiopathic pulmonary fibrosis/usual interstitial pneumonia (IPF/UIP). (a) High-

resolution computed tomography (HRCT) at the pulmonary apex shows small linear opacity

abutting the chest wall that suggests perilobular (pleural surface, interlobular septa, and

bronchovascular bundle) fibrosis. (b) HRCT at the level of the aortic arch shows inhomogeneous

reticular opacity abutting the chest wall (subpleural regions). (c) HRCT at the level of the tracheal

bifurcation shows inhomogeneous reticular opacity and honeycomb lung abutting the chest wall.

Small linear opacity adjacent to the chest wall is also identified. (d) HRCT at the level of the

pulmonary vein shows subpleurally located reticular opacity and honeycomb lung. Distribution of

abnormal opacity is patchy and confined to subpleural regions. (e) HRCT at the level of the lung

base shows patchy areas of reticular opacity and honeycomb lung in the subpleural regions. No

findings contraindicate the diagnosis of IPF/UIP
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not disease with typical features (Fig. 6.7). IPF/UIP may show an NSIP pattern

during the course of disease [20, 21], and a UIP pattern may change to an NSIP

pattern in the terminal stage of disease. The pattern of pathologically proven NSIP

comorbid with pulmonary emphysema mimics a UIP pattern at HRCT [22].

Fig. 6.7 Chronic fibrosing interstitial pneumonia of unknown cause with definite usual interstitial

pneumonia (UIP) pattern at pathology and atypical (inconsistent with) UIP pattern at high-

resolution computed tomography (HRCT). (a–g) Images at surgical lung biopsy; (f–i) images

were obtained 4 years later. (a) Chest x-ray shows volume loss in bilateral lungs with reticular

opacity. (b) HRCT at the middle lung shows ground-glass opacity (GGO) and reticular opacity in

the peribronchovascular regions in bilateral lungs. (c) GGO and reticular opacity predominant in

basal regions. Abnormal opacity is identified in both subpleural and peribronchovascular regions.

(d) HRCT at the middle lung shows peribronchovascular abnormal opacity that represents a

pattern inconsistent with UIP. (e) HRCT at the level of the lung base shows abnormal opacity in

both the peribronchovascular and subpleural regions. (f) Chest x-ray after 4 years shows progres-

sion of abnormal opacity and loss of volume in bilateral lungs. (g) HRCT at the level of the

pulmonary apex shows peribronchovascular and subpleural foci consolidation with traction

bronchiectasis. (h) HRCT at the level of the middle lung shows peribronchovascular-predominant

reticular opacity with traction bronchiectasis that suggests a pattern of fibrotic nonspecific

interstitial pneumonia (fNSIP). (i) In the lung base, HRCT shows peribronchovascular-

predominant reticular opacity that includes traction bronchiectasis and cysts
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6.3.2.1 Categories of HRCT Patterns in the 2011 Guideline (Table 6.1)

The 2011 IPF/UIP guideline [1] categorizes the disease patterns of IPF/UIP based

on HRCT criteria as definite UIP (Fig. 6.6), possible UIP (Fig. 6.8), and inconsistent

with UIP (Fig. 6.7). Certainty of IPF/UIP diagnosis is achieved by combining the

categories of HRCT and pathology.

A definite IPF/UIP pattern at HRCT consists of subpleural distribution of

reticular opacity or honeycomb lung predominantly in the dorsal aspects of the

lower lobes and absence of any of the below mentioned 7 findings noted that

contraindicate a diagnosis of IPF/UIP. A possible IPF/UIP pattern demonstrates

lower lobe predominance and subpleural distribution, reticular opacity, and lack of

any of the 7 findings that contraindicate a diagnosis of IPF/UIP; the honeycombing

of the definite IPF/UIP pattern is absent. A pattern that is inconsistent with IPF/UIP

includes any of the 7 findings that contraindicate IPF/UIP, peribronchovascular-

predominant distribution (Fig. 6.9), prominent GGO (wider than reticular opacity

and honeycomb lung) (Fig. 6.10), upper lung predominance as pleuropulmonary

fibroelastosis (PPFE) (Fig. 6.11), a large cyst away from honeycomb lung

(Fig. 6.12), segmental distribution of shadow, profuse micronodules (Fig. 6.13),

and diffuse mosaic appearance. These imaging findings may represent secondary

Table 6.1 High-resolution computed tomography (HRCT) categories of disease patterns of usual

interstitial pneumonia (UIP) of the 2011 international guideline for the diagnosis and treatment of

idiopathic pulmonary fibrosis [1]

HRCT criteria for UIP pattern

UIP pattern (all four features)

Possible UIP pattern (all three

features)

Inconsistent with UIP

pattern (any of the seven

features)

Subpleural, basal

predominance

Subpleural, basal

predominance

Upper or mid-lung

predominance

Reticular abnormality Reticular abnormality Peribronchovascular

predominance

Honeycombing with or without

traction bronchiectasis

Absence of features listed as

inconsistent with UIP pattern

(see third column)

Extensive ground-glass

abnormality

(extent> reticular

abnormality)

Absence of features listed as

inconsistent with UIP pattern

(see third column)

Profuse micronodules

(bilateral, predominantly

upper lobes)

Discrete cysts (multiple,

bilateral, away from areas

of honeycombing)

Diffuse mosaic attenuation/

air trapping (bilateral, in

3 or more lobes)

Consolidation in

bronchopulmonary seg-

ment(s)/lobe(s)
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interstitial pneumonias with a UIP pattern that may be included in the differential

diagnosis of IPF/UIP.

In IPF/UIP, HRCT findings of overlapping reticular and ground-glass opacity

(GGO) combined with honeycombing demonstrate a wider area of fibrosis than

Fig. 6.8 Possible usual interstitial pneumonia (UIP) pattern at high-resolution computed tomog-

raphy (HRCT). (a) Chest x-ray shows ground-glass opacity predominantly in bilateral basal lungs.

Nodular opacity in the left middle lung field suggests lung cancer. (b) HRCT at the upper lung

shows subpleural inhomogeneous reticular opacity. (c) HRCT at the lower lung shows

subpleurally located inhomogeneous reticular opacity. Reticular opacities distribute

inhomogeneously. (d) HRCT at the lung base shows subpleurally distributed reticular opacity

without honeycomb lung. (e) Coronal CT shows subpleural reticular opacity located predomi-

nantly in the lower lungs. No honeycombing is identified

Fig. 6.9 Interstitial pneumonia in a patient with dermatomyositis. Prominent peribronchovascular

distribution. High-resolution computed tomography (HRCT) shows peribronchovascular consol-

idation that suggests acute lung injury (fibrosing organizing pneumonia [OP])
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Fig. 6.10 Cellular nonspecific interstitial pneumonia (NSIP) and prominent ground-glass opacity

(GGO). High-resolution computed tomography (HRCT) shows widespread GGO without struc-

tural distortion that suggests cellular NSIP

Fig. 6.11 Pleuroparenchymal fibroelastosis (PPFE). (a) High-resolution computed tomography

(HRCT) at the pulmonary apex shows subpleural atelectatic fibrosis. (b) HRCT at the pulmonary

base shows subpleural fibrosis that suggests a usual interstitial pneumonia (UIP) pattern. (c)

Reformatted coronal CT image shows marked volume loss in bilateral upper lobes with elevation

of the pulmonary hili

Fig. 6.12 Chronic hypersensitivity pneumonia with large cyst. (a) High-resolution computed

tomography (HRCT) image shows multiple large subpleural cysts. Fungal ball is noted in the right

lung. (b) Reformatted coronal images show multiple large cysts in the subpleural region
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GGO. Prominent GGO suggests less fibrotic change. Profuse micronodules are

frequently seen in chronic hypersensitivity pneumonia and sarcoidosis, and

peribronchovascular-predominant abnormal opacity is typically seen in fibrotic

NSIP. Absence of segmental consolidation is intended to exclude pneumonia. A

large cyst is typically seen in complicated emphysema or cystic diseases, and

predominant upper distribution is a hallmark of such inhalational diseases as

pneumoconiosis and CHP. Diffuse mosaic appearance suggests airway disease,

sometimes identified in CHP.

6.3.2.2 Correlation of HRCT and Pathologic Findings (Figs. 6.6

and 6.8)

The 2011 diagnostic guideline for IPF/UIP [1] describes limited specific findings on

HRCT and none that reflect temporal/spatial heterogeneity, and other forms of

interstitial pneumonia, such as fibrotic NSIP (fNSIP), may manifest a pattern of

possible UIP on HRCT. Pathologic hallmarks of the UIP pattern are perilobular/

periacinar fibrosis and temporal/spatial heterogeneity. Fibrosis is assured by the

presence of reticular opacity and/or honeycombing at HRCT, and perilobular

fibrosis corresponds with the subpleural location of reticular opacity or

honeycomb lung.

Though few articles in the English literature describe the heterogeneous CT

appearance of IPF/UIP, HRCT findings that reflect the heterogeneous distribution

of fibrosis must be investigated [23]. Potentially useful findings that suggest

heterogeneity may include marked laterality of abnormal opacity, coexistence of

advanced fibrosis (such as honeycombing) with normal-appearing lung parenchyma

Fig. 6.13 Profuse

micronodules of respiratory

bronchiolitis interstitial

lung disease (RBILD).

High-resolution computed

tomography (HRCT) shows

prominent centrilobular

nodules
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packed in a very small area, and a normal-appearing area remaining within

subpleural reticular opacity and/or honeycomb lung [24, 25].

Approximately one third of VATS-determined IPF/UIP shows an atypical CT

appearance that mimics NSIP or unclassified patterns (which might represent

secondary UIP), probably because surgical biopsy was not performed in recent

cases of IPF/UIP that demonstrated a typical IPF pattern (definite UIP pattern)

[18]. However, the prognosis is similar for IPF/UIP with atypical findings and IPF

with a definite IPF/UIP appearance at HRCT [19].

6.3.2.3 Honeycomb Lung in the Diagnosis of IPF/UIP (Table 6.1,

Fig. 6.14)

Honeycomb lung is one of the most important findings of IPF/UIP [16, 26–29] and

can be key in its diagnosis [1]. Definitive diagnosis of IPF/UIP is possible without

surgical biopsy when HRCT shows a typical UIP pattern, but biopsy is necessary

when imaging demonstrates a possible or inconsistent with UIP pattern.

Honeycombing is the only finding different between the patterns of definite and

Yes

No

Possible UIP
Inconsistent with UIP

UIP

UIP
Probable UIP / Possible UIP
Non-classifiable fibrosis

Not UIP

Suspected IPF

Iden�fiable causes
for ILD?

Not IPF

Surgical Lung 
Biopsy

HRCT

IPF

MDD

IPF/Not IPF

Fig. 6.14 Approach of the 2011 international guideline for the diagnosis of idiopathic pulmonary

fibrosis [1]
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possible UIP, and difficulty in its discrimination on radiology findings, even among

experienced chest radiologists [5], requires that surgical lung biopsy be performed.

Heavy reliance on the observation of honeycombing to establish the diagnosis of

IPF/UIP therefore can be problematic.

6.3.2.4 Diagnosis of IPF/UIP in Early Stage

New drugs have recently been developed to treat IPF/UIP, and medical intervention

might be more effective in the early stage of disease prior to honeycombing.

Pathologic findings of IPF/UIP indicate that perilobular/periacinar fibrosis and

temporal/spatial heterogeneity should be included in the diagnostic criteria of

HRCT. Early recognition of these features in the disease process could improve

treatment management.

6.4 Differential Diagnosis of IPF/UIP

6.4.1 Nonspecific Interstitial Pneumonia

Satisfactory differentiation of subtypes of idiopathic interstitial pneumonias by

HRCT has been reported generally [30]. NSIP is one the most important differential

diagnoses of IPF/UIP [31, 32]. Its primary HRCT feature is peribronchovascular or

patchy ground-glass opacity. Findings of intralobular reticular opacity, traction

bronchiectasis within GGO, and honeycomb lung indicate progression of fibrosis

and suggest a worse prognosis (Fig. 6.15) [17, 33–41]. According to Sumikawa and

associates, IPF/UIP shows more extensive honeycombing than fNSIP [12].

Fig. 6.15 Fibrotic

nonspecific interstitial

pneumonia (fNSIP). High-

resolution computed

tomography (HRCT) at the

lower lung shows marked

volume loss in bilateral

lower lobes. Reticular

opacity and traction

bronchiectasis are identified

in bilateral lower lobes
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Approximately one third of VATS-determined IPF/UIP appears atypical on

HRCT, but the prognosis is similar for IPF/UIP with typical imaging features and

disease with atypical features that requires surgical lung biopsy [19].

6.4.2 Desquamative Interstitial Pneumonia

HRCT findings of desquamative interstitial pneumonia (DIP) include subpleural or

patchy panlobular ground-glass opacity. Usually reticular opacity is less prominent,

and honeycomb lung is absent. Multiple cystic changes are observed within areas of

GGO, especially after disappearance of GGO by treatment [42]. During long-term

follow-up study, honeycombing can become apparent [43].

6.4.3 Respiratory Bronchiolitis Interstitial Lung Disease
(Fig. 6.13)

Respiratory bronchiolitis interstitial lung disease (RBILD) is another form of

idiopathic interstitial pneumonia closely related to cigarette smoking [44]. Its

main feature on HRCT is abundant centrilobular nodules that reflect respiratory

bronchiolitis; other findings include patchy ground-glass opacity and reticular

opacity [45, 46].

6.4.4 Sarcoidosis

Pulmonary sarcoidosis may mimic IPF at HRCT [47]. Profuse micronodules with

perilymphatic distribution suggest the diagnosis of sarcoidosis.

6.4.5 Chronic Hypersensitivity Pneumonia (Fig. 6.16)

Chronic hypersensitivity pneumonia is a secondary interstitial pneumonia that

shows a UIP or NSIP pattern on pathologic specimens [48]. Its imaging features

most frequently show a UIP pattern but include upper lobe predominance or

generalized distribution in the craniocaudal direction, profuse centrilobular

micronodules in the upper lungs that suggest bronchocentric fibrosis, bridging

fibrosis that connects the centrilobular and perilobular regions, cyst formation in

the upper lungs, atelectatic induration, and/or prominent ground-glass opacity
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[49]. Some CHP cases simulate IPF/UIP, lacking any findings contraindicating this

diagnosis, so the diagnosis of CHP requires multidisciplinary discussion among

specialists [50, 51].

6.4.6 Collagen Vascular Disease (CVD) (Fig. 6.17)

Interstitial lung disease in patients with collagen vascular disease (CVD) most

frequently shows an NSIP pattern, but a UIP pattern may be seen, especially in

patients with rheumatoid arthritis [52–54]. Features of usual interstitial pneumonia

with CVD (CVD-UIP) are somewhat atypical from those of IPF/UIP, and concom-

itant peribronchovascular abnormal opacity in addition to subpleural reticular

opacity and/or honeycomb lung indicate concomitant UIP and NSIP patterns. On

the other hand, Assayag’s group described no difference between HRCT images of

UIP complicated with rheumatoid arthritis and those of IPF/UIP [55].

Because NSIP is frequently complicated in patients with CVD, Kinder and

colleagues suggested NSIP might be a lung complication in patients with undiffer-

entiated connective tissue disease (UCTD) [56]. Though the prognoses differ

distinctly between patients with UCTD and those with usual NSIP [57], no differ-

ences in HRCT findings have been reported.

Lung-dominant connective tissue disease (LD-CTD) [58] and autoimmune-

featured interstitial lung disease (AFILD) [59] are reported to be interstitial pneu-

monias that do not satisfy the diagnostic criteria of specific collagen disease but

have clinical and/or pathologic findings that suggest CVD.

Though CVDs most frequently complicate NSIP, approximately half of AFILD

shows a UIP pattern. Some LD-CTD/AFILD shows an unclassifiable (mixed UIP

and NSIP pattern) or UIP pattern at HRCT. Because interstitial pneumonia in

patients with UCTD, LD-CTD, and AFILD is currently classified as idiopathic

interstitial pneumonia, IPF/UIP may include these interstitial pneumonias with the

“flavor of CVD.”

Fig. 6.16 Chronic hypersensitivity pneumonitis (CHP). (a) High-resolution computed tomogra-

phy (HRCT) at the pulmonary apex shows multiple subpleural areas of atelectatic induration

abutting the chest wall. Small cysts are also identified. (b) HRCT of the lower lung shows

interstitial pneumonia with a UIP pattern. (c) Coronal reformatted image shows that reticular

opacity is confined to subpleural regions
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6.4.7 Pneumoconiosis

Asbestosis is bronchocentric fibrosis caused by asbestos fiber (2 or more asbestos

bodies/one square cm in histologic section). Bronchocentric fibrosis extends to the

perilobular regions and may show the fibrosis of a UIP pattern [60–62].

Imaging findings of asbestosis differ by disease stage. Early stage findings

include small nodular centrilobular opacities that correspond with bronchocentric

fibrosis, thickening of the intralobular interstitium, septal thickening, subpleural

curvilinear opacity that corresponds with coalescent bronchocentric fibrosis,

wedge-shaped abnormal opacity abutting the chest wall, and air trapping

[63]. Advanced asbestosis shows honeycomb lung and atelectatic fibrosis [64–66].

Although asbestosis may show fibrosis with a UIP pattern [67], typical HRCT

images of classical asbestosis can show centrilobular nodules, subpleural curvilin-

ear opacity, transpulmonary band, and prominent air trapping and less frequent

honeycomb lung and traction bronchiectasis than IPF/UIP [68].

Pleural plaque on chest x-ray (CXR)/CT and clinical history of asbestos expo-

sure are also useful in diagnosing asbestosis. Mixed dust pneumoconiosis and hard

metal lung may show a UIP pattern [69].

6.4.8 Combined Pulmonary Fibrosis and Emphysema
and Smoking-Related Pulmonary Fibrosis (Fig. 6.18)

Pulmonary fibrosis with emphysema is frequently seen in daily clinical practice.

Since Cottin proposed the term combined pulmonary fibrosis and emphysema

(CPFE) to describe pulmonary emphysema in the upper lung and pulmonary

Fig. 6.17 Interstitial pneumonia with collagen vascular disease (CVD-IP) (fibrosing nonspecific

interstitial pneumonia [NSIP] pattern). (a, b) High-resolution computed tomography (HRCT)

images show abnormal opacities located predominantly in the lower lungs that represent

peribronchovascular ground-glass opacity and consolidation including traction bronchiectasis
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fibrosis in the lower lung as defined by clinical and imaging characteristics, there

has been much controversy regarding the pathogenesis of interstitial pneumonia

complicated with emphysema [70, 71].

The 2013 ATS/ERS consensus guideline for idiopathic interstitial pneumonia

[2] defines CPFE as a state, not a disease. CPFE is thought to include emphysema

and interstitial pneumonia coexistent with smoking-induced pulmonary fibrosis.

CPFE may not be differentiated from idiopathic interstitial pneumonia based on

imaging findings, but it may show destructive change, such as a large cyst. CPFE is

thought to include heterogeneous disease from comorbid pulmonary emphysema

and idiopathic interstitial pneumonia with smoking-induced pulmonary fibrosis

[72–76].

Biopsy-proven NSIP concomitant with pulmonary emphysema can show a UIP

pattern at HRCT as a result of pre-existing pulmonary emphysema [22].

6.5 Imaging Features of Complication of IPF/UIP

6.5.1 Acute Exacerbation (Fig. 6.19)

Acute exacerbation of unknown cause is one of the most serious complications of

IPF/UIP and one of the most frequent causes of death in patients with IPF in Japan.

Approximately 40 % of patients with IPF/UIP experience this complication, pos-

sibly related to viral infection [77–80]. The surgical procedure, drug toxicity, and

radiation exposure can exacerbate disease [81–84]. Acute respiratory failure after

Fig. 6.18 Combined pulmonary fibrosis and emphysema (CPFE). (a) High-resolution computed

tomography (HRCT) at the upper lung shows centrilobular emphysema. (b) HRCT at the lower

lung shows centrilobular cysts surrounded by reticular and ground-glass opacity, a pattern defi-

nitely different from that of usual interstitial pneumonia (UIP)
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surgical resection may be related to acute exacerbation of subclinical interstitial

pneumonia [85, 86] (Fig. 6.20). Exacerbation by drug toxicity is considered to be

drug-induced lung injury.

The pathology of acute exacerbation demonstrates diffuse alveolar damage

(DAD) or an organizing pneumonia (OP) pattern. Imaging features of acute

exacerbation of IPF/UIP include widespread ground-glass opacity or consolidation

[85, 86].

Imaging findings are useful to predict the prognosis of acute exacerbation.

Distribution of newly appeared GGO/consolidation is classified as diffuse, patchy,

or peripheral. Prognosis is better for the peripheral pattern than the other two

Fig. 6.19 Acute exacerbation of IPF/UIP. (a) Chest x-ray shows volume loss in bilateral lungs

with reticular opacity. (b) High-resolution computed tomography (HRCT) shows reticular opacity

located predominantly in the subpleural region of lung base. (c) Chest x-ray at the onset of acute

exacerbation shows widespread overlapping ground-glass opacity on pre-existing interstitial

opacity. (d) HRCT shows widespread ground-glass opacity overlapping pre-existing interstitial

pneumonia
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Fig. 6.20 Postsurgical exacerbation of chronic fibrosing interstitial pneumonia with lung cancer.

(a) Preoperative chest x-ray shows reticular opacity located predominantly in the bilateral lower

lungs. The mass lesion is overlapped on the upper portion of the right hilum. (b) Computed

tomography (CT) at the level of the upper lungs shows minimal emphysema. (c) CT at the level of

the lung base shows reticular opacity and honeycomb lung in the subpleural regions. (d) High-

resolution computed tomography (HRCT) of the right upper lobe shows nodular opacity, which is

diagnosed as lung cancer by bronchoscopy. (e) Chest x-ray 4 days after right upper lobectomy

shows widespread ground-glass opacity (GGO) and consolidation in bilateral lungs. (f) CT of the

lower lungs shows diffuse GGO in the lungs. (g) HRCT of the right lower lobe shows diffuse GGO

overlapping pre-existing interstitial pneumonia
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patterns [87]. More extensive ground-glass opacity that includes traction bronchi-

ectasis and honeycombing suggests a poor prognosis [88].

The differential diagnosis of acute exacerbation of IPF/UIP includes various

infections, pulmonary edema by cardiac failure and following noninfectious dis-

ease, and acute exacerbation of other types of chronic fibrosing interstitial pneu-

monia, including acute interstitial pneumonia (AIP), cryptogenic organizing

pneumonia (COP), acute eosinophilic pneumonia, diffuse alveolar hemorrhage,

and acute respiratory distress syndrome (ARDS).

6.5.2 Lung Cancer (Fig. 6.21)

Lung cancer is more frequently identified in patients with IPF/UIP, and risk factors

in these patients include older age, male gender, and history of smoking [89–

91]. The frequencies of histological subtypes of lung cancer do not differ between

Fig. 6.21 Lung cancer complicated with idiopathic pulmonary fibrosis/usual interstitial pneumo-

nia (IPF/UIP). (a) High-resolution computed tomography (HRCT) shows lung cancer abutting the

cyst wall in the right upper lobe. (b) HRCT of the lower lung shows UIP pattern fibrosis. (c) HRCT

of the right upper lobe obtained one year before (a) shows a very subtle nodule abutting a small

cyst
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those with IPF/UIP and those without IPF [89–91]. Multiple lung cancer is not rare

in cancer complicated by IPF/UIP [92].

Lung cancers with IPF/UIP frequently occur in fibrotic areas [93–95] and

abutting cysts or interface between fibrotic areas and relatively normal lung

[93]. Lung cancer in patients with IPF shows solid abnormal opacity formation

even in early-stage disease, and early-stage lung cancer is indistinguishable from

localized fibrotic shadow because of its small size and irregular shape.

6.5.3 Infection (Figs. 6.12 and 6.22)

Pneumonia is one of the most important differential diagnoses of acute exacerba-

tion of IPF. Although infectious pneumonia usually shows segmental or lobar

Fig. 6.22 Pneumonia in a patient with idiopathic pulmonary fibrosis/usual interstitial pneumonia

(IPF/UIP). (a) Chest x-ray shows reticular opacity in bilateral lower lungs and segmental consol-

idation in the lateral aspect of the right middle lung field. (b) High-resolution computed tomog-

raphy (HRCT) shows scattered foci of reticular opacity and honeycombing in bilateral lungs.

Segmental ground-glass opacity (GGO) including consolidation is noted in the right upper lobe.

(c) HRCT shows GGO and consolidation in the right upper lobe more clearly
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distribution, nonbacterial infection, such as Pneumocystis pneumonia, shows dif-

fuse ground-glass opacity that simulates acute exacerbation.

The appearance of mycobacterial infection complicated with IPF is atypical

on CT.

It is more likely to appear as lobar/segmental consolidation instead of likely to

show centrilobular nodular opacity/tree in bud [96, 97] that mimics bacterial or

fungal pneumonia (Fig. 6.23).
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Chapter 7

Pathology of IPF

Why Does the Pathological Classification of IIPs Vary

Among Pathologists?

Yoshinori Kawabata

Abstract The pathological pattern of usual interstitial pneumonia (UIP) is defined

as temporal and topological heterogeneous chronic interstitial pneumonia with a

peripheral lobular distribution. The natural history of UIP is unclear, but attempts

have been made to elucidate it. The complication of acute and subacute worsening

or exacerbation has been discussed as an important part of the natural history of

UIP. The major differential diagnoses of UIP are nonspecific interstitial pneumonia,

desquamative interstitial pneumonia, and airspace enlargement with fibrosis. In a

significant number of cases, analyses of pathological materials have just led to a

diagnosis of chronic interstitial pneumonia not otherwise specified (an important

component of unclassifiable interstitial pneumonia). Various diseases and other

factors cause UIP, including idiopathic, collagen vascular diseases; chronic hyper-

sensitivity pneumonia; occupational exposure, especially to asbestos; and the

administration of certain drugs. The role of pulmonary pathologists is to make a

pathological diagnosis of UIP or another diagnosis and to look for etiological

findings, like epithelioid cell granuloma and asbestos bodies. In this chapter, recent

pathological advances in UIP are critically discussed, and I consider the reason why

the pathological classification of IIPs varies among pathologists.

Keywords Usual interstitial pneumonia • Chronic interstitial pneumonia •

Surgical lung biopsy • Pathology • Natural history

7.1 Introduction

In 2002, the histological patterns of idiopathic interstitial pneumonias (IIPs) were

classified into usual interstitial pneumonia (UIP), nonspecific interstitial pneumonia

(NSIP), (bronchiolitis obliterans) organizing pneumonia (BOOP/OP), diffuse
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alveolar damage (DAD), respiratory bronchiolitis (RB), desquamative interstitial

pneumonia (DIP), and lymphoid interstitial pneumonia [1]. To me, DAD, NSIP,

UIP, and DIP comprise the main idiopathic and secondary interstitial pneumonias. I

exclude (BO) OP because of alveolar pneumonia [2] and RB/RB interstitial lung

disease (RB-ILD) because only smoking causes RB and RB does not show histo-

logical features of ordinarily identified interstitial pneumonia. Katzenstein

et al. divided IIPs into four types histologically (UIP, DIP/RB-ILD, NSIP, and

DAD [3]). Katzenstein et al. also excluded OP because of intra-alveolar processes.

The recent ATS/ERS Committee classified IIPs into three groups, namely, acute

and subacute (DAD, OP), smoking related (DIP, RB), and chronic (UIP, NSIP) [4].

In this chapter, various features of UIP and its differential diagnosis are mainly

discussed; the term UIP is used just to refer to the pathological pattern, not to a

specific disease. I wish to emphasize papers written in Japanese (mainly by my

research group).

7.2 Previous Understanding of Usual Interstitial

Pneumonia (UIP) and Its Recent Histological Criteria

7.2.1 Previous Understanding

Liebow et al. reported that UIP is characterized by honeycombing and muscular

tissue proliferation, which occurs in one of five chronic interstitial pneumonias;

they also thought that DAD is the first step of UIP [5, 6]. The superimposition of

DAD on UIP at autopsy was identified, which is why the pathological features were

a mixture of DAD and UIP and the early pathology was supposed to be DAD. In

1978, Carrington et al. for the first time established the histological features of

modern UIP through open lung biopsy [7]. A highly variegated structure was

stressed, but the presence of fibroblastic focus (FF) was not stated. In 1988,

Myers et al. first reported the presence of FF at the top of dense fibrosis of UIP

[8], and, in 1998, Katzenstein et al. stressed that FF is necessary for the diagnosis of

UIP in addition to the above definition of Carrington [3].

7.2.2 Recent Histological Criteria of UIP

Recently, idiopathic pulmonary fibrosis (IPF) and UIP have been redefined [1, 4, 9,

10]. In addition to structural/topological heterogeneity (normal lung to dense

fibrosis with structural remodeling), (a) temporal heterogeneity (presence of FF),

(b) peripheral lobular distribution, and (c) the absence of suspicion of other diseases

were added (Fig. 7.1). Katzenstein et al. do not require peripheral lobular
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distribution [11, 12]. I personally prefer and use Katzenstein’s definition, but here I
will follow the official definition [1, 4, 9, 10] concerning UIP.

Now (in 2011), we can understand that UIP (HRCT and/or histology) of

unknown etiology is IPF [10]. In 2000, IPF was defined as follows: (a) unknown

etiology, (b) abnormal pulmonary function (decreased vital capacity and/or

impaired gas exchange) with decreased diffusing capacity, and (c) abnormality on

conventional chest radiographs or high-resolution computed tomography (HRCT)

(bibasilar reticular abnormalities with minimal ground-glass opacities on HRCT)

when surgical lung biopsy (SLB) proved UIP [9]. Clinical criteria of IPF without

SLB were defined separately. Recently, typical HRCT findings (honeycombing)

have been stressed (previous criteria [9] including dyspnea and abnormal pulmo-

nary function were eliminated), and SLB was recommended when HRCT is not

typical [10]. In the latter cases [10], complicated combinations of HRCT and SLB

can diagnose IPF as definite, possible, or inconsistent. Histopathological criteria for

UIP were divided into (a) definite (fulfills the four criteria: marked fibrosis with

structural remolding predominantly located peripheral lobule, patchy involvement,

FF, and no alternative diagnosis), (b) probable (marked fibrosis but lacking either

patchy involvement or FF and no alternative diagnosis), (c) possible (marked

fibrosis and no alternative diagnosis), and (d) not UIP [10].

Not UIP includes the presence of any of six criteria: (a) hyaline membranes,

(b) organizing pneumonia, (c) granulomas, (d) marked inflammatory cell infiltra-

tion away from honeycombing, (e) predominant airway-centered changes, and

Fig. 7.1 Histology of UIP. (a) Panoramic view. Patchy involvement and perilobular dense fibrosis

with structural remodeling. Bar: 1 cm. Hematoxylin-eosin staining (HE). (b, c) Fibroblastic focus

on dense fibrosis (arrow). �10. HE
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(f) features suggestive of an alternative diagnosis. Features suggestive of an alter-

native diagnosis can include silicotic nodules, asbestos bodies, substantial other

inorganic dust deposits, and marked eosinophilia [1].

7.3 Natural History of UIP, Emphasizing the Early Stage

and Exacerbation

Natural history of UIP will be presented in Fig. 7.2 and will be explained later. In

short, its continuous gradual progression and acute and subacute exacerbation will

take place at any stages of UIP. Clinical IPF is the last stage.

7.3.1 Definition of IPF

It is unclear to me whether IPF without dyspnea is admitted into the new classifi-

cation [10], though many Japanese specialists believe so. In order to avoid confu-

sion, here I wish to use the terms subclinical (asymptomatic stage but sufficiently

Fig. 7.2 Suspected natural history and treated course of UIP. Natural history of UIP (thick line) is
divided into three stages: (1) undetectable stage; (2) asymptomatic, HRCT-detectable, subclinical

stage; and (3) symptomatic, clinical stage. Acute exacerbation (blue) can be seen at any stage and

some cases respond to corticosteroid therapy (red arrow). When acute exacerbation is seen at the

undetectable stage, it is called acute interstitial pneumonia or idiopathic DAD (yellow arrow).
Subacute exacerbation (purple) can be seen at any stage and most cases respond to corticosteroid

therapy (red arrow). Slower progression than expected is also seen (dark blue) (Modified from

Modern Physician (Ref. [38]), Internal Medicine [43], and Kokyu [49] with permission)
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detectable by HRCT) IPF and clinical (symptomatic stage, ordinarily) IPF when the

cause of UIP is unknown.

7.3.2 Natural History of UIP

7.3.2.1 Stage

I suspect that UIP starts with microscopic dense fibrosis with FF generally located

in the base of the lower lobe subpleurally (Fig. 7.3a, b). Gradually, this fibrosis

extends upward and to the inner lung continuously or discontinuously until HRCT

can detect it (Fig. 7.3c, d).

I personally defined the UIP stages as follows: (a) microscopic stage, when

macroscopically undetectable; (b) mild macroscopic stage, macroscopically detect-

able but up to 1 cm in depth from the pleura; and (c) extensive macroscopic stage,

more than 1 cm in depth from the pleura by macroscopic examination of resected

Fig. 7.3 Histology of early UIP. a.c. Costophrenic edge on the right side. (a) Microscopic UIP

showing dense fibrosis with/without structural remodeling (arrow). Bar: 1 cm. Panoramic view.

HE. (b) Fibroblastic focus on dense fibrosis (arrow). �10. HE. (c) Histology of macroscopic mild

UIP showing dense fibrosis of 4.5 mm thickness from the pleura (between arrows) with

honeycombing (thick arrows). Panoramic view. HE. (d) Fibroblastic focus on dense fibrosis

(arrow). �10. HE
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lung [13–15]. The mild macroscopic stage roughly correlates with the HRCT-

detectable stage when there are faint or clear, sufficient reticular shadows and/or

honeycombing. When bilateral lower lobe reticular shadows or honeycombing are

clearly seen within 1 cm in depth, it is subclinical IPF. The extensive macroscopic

stage might be roughly clinical IPF.

7.3.2.2 Incidence and Time Course

It is unclear how many years are required to progress from onset until the mild

macroscopic stage, although 10 to 20 years has been suggested by me. The inci-

dence of macroscopically detectable mild- and extensive-staged UIP was more than

20 % in more-than-moderate smokers and 3.5 % in nonsmokers in lungs subjected

to lobectomy for lung cancer [14]. The incidence of mild macroscopic UIP

increases with age (0 %, <40 years; 3 %, 50–60; 14.1 %, 70–80; 28 %, >80)

[13]. It seems that mild macroscopic UIP begins approximately at the age of the

40s. The rate of subclinical interstitial pneumonia (mainly subclinical IPF) was

9.7 % [16] in Japan. In addition, a rate of bilateral lower lobe reticular shadows of

8 % was reported, as determined by HRCT in asymptomatic smokers [17]. I

suppose that both variously typed interstitial pneumonias and airspace enlargement

with fibrosis (AEF) [14] are included in this 8 %. As for progression, Nagai

et al. reported that routine chest X-ray-screened, pathologically proven UIP cases

became symptomatic 1000 days later [18]. Fukushima et al. followed up 127 micro-

scopic and macroscopic mild UIP cases for 4 years; 4 % showed acute exacerbation

and 6 % showed chronic progression [19]. It is necessary to follow up cases that

show HRCT-detected reticular shadows and macroscopically detected UIP lesions

found by lobectomy to determine how many years are required for progression to

clinical IPF.

7.3.3 Acute Exacerbation of UIP

7.3.3.1 Historical Understanding

DAD superimposed of UIP is clinically called acute exacerbation [20–30], whether

UIP is idiopathic or secondary. Liebow might have been the first to report acute

exacerbation of IPF [5]. In Japan, idiopathic interstitial pneumonia was divided into

the acute form (idiopathic DAD) and the chronic form (IPF) in 1976 following

Liebow’s concept because of the common complication of DAD in UIP. Yoshimura

et al. reported acute exacerbation of IPF for the first time in 1984 [20]. Thirty-five

cases suffered 43 episodes of acute exacerbation, and 97.1 % had died one month

after the episode. They proposed diagnostic criteria of acute exacerbation. Kondo

and Saiki published the first English paper in 1989 [21]: (a) clinical study (among

155 IPF cases, 89 (57 %) showed acute exacerbation) and (b) pathological study
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(among 22 SLB-proved IPF cases, four showed acute exacerbation, and patholog-

ical examination confirmed hyaline membrane formation (one type of DAD) on

UIP in all of these four cases).

7.3.3.2 General Risk Factors and Incidences

Papers on acute exacerbation were mainly reported from the northeast of Asia, and

the incidence of acute exacerbation varied, but was around 10 % per year [20, 22–

25]. Risk factors were infection, reduction of corticosteroid dose, and various types

of surgery, among others [15, 20–22, 25]. The reported incidences of acute exac-

erbation of clinical and subclinical IPF following lobectomy for lung cancer are

15 % (collective data of nine papers) [26] and 15.8 % (11 papers) [27]. The

incidences of acute exacerbation of microscopic and macroscopic mild and exten-

sive UIP cases just after lobectomy were 1.6, 6, and 10.6 % [15]. The incidence of

acute exacerbation following SLB was reported to be low in Europe and America

[28, 29].

7.3.3.3 Extension of Acute e Exacerbation to the Milder Cases

and Mortality

Generally, the concept of acute exacerbation has been used for clinical IPF. We

reported acute exacerbation of macroscopic mild UIP cases following lobectomy in

2001 [13] and again in 2005 [15], in the same year as the report of Chida et al. [30],

as well as a case report in 2011 [31]. We also reported acute exacerbation of the

microscopic-staged cases [15, 32].

The mortality rate of acute exacerbation varies [20–22, 25, 27], from 20 to

100 %. Kondoh et al. reported three SLB cases of acute exacerbation without

death [33].

7.3.3.4 The Pathological Risk Factors

The pathological risk factors of acute exacerbation have not been well clarified.

Fukushima et al. compared a thick-walled, small-sized honeycombing

(4.3� 0.5 mm in diameter) cases and a thin-walled, variously sized honeycombing

(10.0� 1.6 mm in diameter) cases. The former cases showed a higher incidence of

acute exacerbation, as well as higher rates of women, nonsmokers, and those with a

lower smoking index [34]. We also confirmed that the former cases showed a higher

incidence of acute exacerbation, in addition to extent by another trial [15]. Histo-

logical factors related to acute exacerbation was the presence of active inflamma-

tory changes: (a) degree of interstitial inflammation continuous with dense fibrosis,

(b) amount of granulation tissue in and next to dense fibrosis (FF), (c) quantification

of interstitial inflammatory change with granulation tissue apart from dense fibrosis,
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and (d) quantification of acute interstitial inflammatory change with fibrin exuda-

tion seen in the lobectomy UIP area [35]. In addition, a microscopic organized

membranous organization pattern of DAD, which will be described later, was seen

only in the acute exacerbation cases [35].

7.3.3.5 Two Histological Types of DAD

According to my experience, two histological patterns of DAD are observed. One is

extensive epithelial erosion and hyaline membrane formation with subsequent

membranous or ring organization (hyaline membrane was replaced by membranous

granulation tissue due to activation of fibroblast) over the orifice ring of the alveolar

wall (Fig. 7.4), and the other is epithelial erosion and massive exudation of fibrin

following subsequent obstructive and incorporated-type intraluminal organization

(Fig. 7.5) [36]. I named these as follows: (a) membranous organization pattern and

(b) luminar organization pattern (somewhat resembling OP) in 1992 and 1994

[37, 38] (Figure 7.6 with permission from Kokyu and Modern Physician).

Fig. 7.4 Organizing DAD, membranous organization.�10. (a) Membranous or ring organization

and dilated space. HE. (b) Alveolar orifice (arrows, portion of black dot) is embedded in the

membranous organization and alveolar lumina are markedly collapsed. Dilated space is alveolar

sac or duct. Elastica-van Gieson staining (EvG). (c) Remaining tiny airspace (mainly collapsed

alveolar lumen) is lined by regenerative epithelium but no epithelialization on sac or duct.

Immunostaining with AE1/AE3 for epithelium
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Frequently, both patterns and mixed pathology are seen in autopsy lungs, especially

cases without a fulminant course, and the luminar organization pattern is older than

the membranous organization pattern. DAD pathology as reported by Kondoh

et al. was a luminar organization pattern [33]. Mandal et al. reported that DAD

with organizing pneumonia showed greater survival than DAD without it (67 %

versus 33 %) [39]. A luminal organization pattern and DAD with organizing

pneumonia might involve nearly the same pathology. Parambil et al. reported

seven cases showing DAD (six cases) and OP (one case) with 86 % mortality

[40]. Churg et al. reported 12 cases showing DAD (four cases), OP (five cases), and

giant fibroblastic foci (three cases), ten cases of which survived due to therapy [41].

Fig. 7.5 Organizing DAD, luminar organization.�10. (a) Longitudinal organization in the center

and thick-walled surrounding alveolar wall with cuboidal metaplasia (arrow). HE. (b) Many

collapsed obliterated alveoli are trapped in the organization (obstructive-type organization).

EvG. (c) No epithelialization in the organization, but surrounding alveolar wall is lined by

cuboidal cells. Immunostaining with AE1/AE3 for epithelium. Figures 7.4 and 7.5 are of the

same case. A 66-year-old female complained of exertional dyspnea and diffuse ground-glass

opacities (GGO) within 1 month. Transbronchial lung biopsy showed luminal organization.

Later, necropsy showed both membranous organization and luminal organization. The type of

DAD changed or progressed
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7.3.3.6 Three Histological Features of Acute Exacerbation

and Histological Differences Might Be Related to Prognosis

Before writing about pathology of acute exacerbation, I wish to discuss acute lung

injury patterns (ALI/P). ALI/P was proposed by Katzenstein including DAD and

BOOP in 1997 [42]. As far as my understanding from English literatures, the

distinction between organizing DAD (luminal organization pattern) and OP is not

so clear to me. The intraluminal organization seen in DAD is obstructive and

incorporated mural pattern with an unclear lung structure, and the intraluminal

organization in OP is mainly of the polypoid type with a preserved lung structure.

Histologically, differential diagnosis between DAD and OP is clear, but there is a

transitional-typed organization between DAD and OP. I named this ALI/P not

otherwise specified (NOS). Katou et al. also reported this type of acute exacerbation

[43]. Table 7.1 presents the histological features and prognosis of the two types of

DAD and ALI/P NOS. Nowadays, above three comprise pathological features of

acute exacerbation.

As stated before, the mortality rate of acute exacerbation ranges from 0 to 100 %.

This difference in the mortality rate might mainly depend on different histology, in

addition to recent advanced therapy, and other factors.

Fig. 7.6 Two types of DAD. Membranous organization begins with hyaline membrane formation

covering the surface of the alveolar orifice, and then hyaline membrane undergoes organization,

resulting in a membranous or ring organization. Luminar organization begins with massive

exudation to the alveoli, and obstructive and mural organization firmly attached to the

alveolar wall
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7.3.4 Subacute Exacerbation of UIP

We reported on female-dominant subacute interstitial pneumonia (SIP) [44] with

1 month to 6 months of increasing dyspnea, which shows a favorable prognosis

following steroid treatment in 1995, 1 year after the NSIP paper [45]. Histologically,

SIP resembles cellular and fibrosing NSIP (c- & f-NSIP) [45], but differs from

organizing pneumonia [2]. I wish to propose the descriptive pathological term

“organizing interstitial pneumonia” (organizing IP; interstitial pneumonia with

various degreed and types of luminar organization) for SIP pathology. In addition,

there was the frequent complication of UIP subpleurally together with SIP

(15 cases, age 62.4� 9.3) (Fig. 7.7) in the same slide, which showed worse

prognosis than SIP alone (35 cases, age 58� 11) in spite of no clinical and

radiological differences between two groups [46]. This resembles subacute exac-

erbation of UIP cases. There are also reports on discordant UIP, namely, the

presence of UIP and NSIP in different lobes, which follows the prognosis of IPF

and has a worse prognosis than NSIP alone [47, 48].

7.3.5 Scheme of the Natural History of UIP

Katou et al. and I proposed schemes of the natural history of UIP in 1994 and 1995

[38, 43, 49], and now I wish to present a modified natural history and treated course

Table 7.1 Histological features and prognosis of acute exacerbation

Early, acute stage Organizing stage Prognosis

DAD membra-

nous

organization

Mainly hyaline

membrane

formation

Membranous/ring fibrosis on hyaline

membrane with remodeled lung

structure

Poor,

mostly

fatal

Epithelial

denudation

Atypical epithelial regeneration

including stratified squamous cells

Fibrin exudation

Hemorrhage

DAD luminar

organization

Mainly fibrin

exudation

Obstructive and mural organization with

unclear lung structure

Frequently

favorable

Epithelial

denudation

Atypical epithelial regeneration

Myxomatous swell-

ing of the alveolar

wall

ALI/P NOS Not clear Various types and degrees of organiza-

tion with unclear or preserved lung

structure

Favorable

Diffuse interstitial inflammation

Epithelial regeneration

Abbreviations: DAD diffuse alveolar damage, ALI/P NOS acute lung injury pattern not otherwise

specified
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of UIP, with permission from the publishers (Modern Physician, Internal Medicine,

and Kokyu) of references [38, 43, 49] (Fig. 7.2). Namely, it is divided into

undetectable stage, subclinical stage, and clinical stage, as stated before. At any

stage, acute exacerbation can take place. Araya et al. reported fatal [32], but Katou

et al. reported improved acute exacerbation at the undetectable stage [44]. When

acute exacerbation occurs at the undetectable stage, it is difficult to differentiate

from idiopathic DAD (so-called acute interstitial pneumonia). We reported that the

incidence of acute exacerbation at the undetectable stage following lobectomy is

1.6 % [15]. We also suspect that subacute exacerbation can take place at any stage

(Fig. 7.7). Slower progression than expected is also experienced. The suspected

progression pattern is shown in Fig. 7.8, namely, chronic, subacute, and acute (with

permission from Modern Physician: [38]). Chronic progression comprises FF and

local interstitial pneumonia with organization next to or adjacent to dense fibrosis.

Subacute progression comprises two types of subacute exacerbation (c- & f-NSIP

and organizing IP) and may be cellular NSIP (c-NSIP) apart from dense fibrosis.

Fig. 7.7 Combined fibrosing IP and UIP seen in a SLB slide. (a) Diffuse involvement of the lung

tissue. Panoramic view. HE. (b) Inflammatory thick alveolar wall due to incorporation of organi-

zation into interstitium and new luminar organization (upper box). �10. HE. (c) About

2-mm-thick, dense subpleural fibrosis with muscle tissue proliferation of UIP feature (lower
box). �10. HE
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The complication of two types of DAD, AIP/P NOS, c-NSIP, c- & f-NSIP, and

organizing IP might be an integral part of UIP (concept of stable or inactive phase

of UIP when there is UIP only and unstable or active phase of UIP when there is

UIP + another interstitial pneumonia).

7.3.6 Early HRCT Detection of UIP Can Prepare for Acute
Exacerbation and Early Therapy

CT and HRCT features of IPF were reported [50, 51]. Johkoh et al. recently

reported the HRCT features of clinical IPF without honeycombing [52]. However,

we do not know about the HRCT features of subclinical IPF. Close pathological and

radiological correlation is needed using lung subjected to lobectomy showing

macroscopic mild UIP or subclinical IPF. It would be useful to understand the

characteristic HRCT features of subclinical IPF, so we can prepare for acute and

Fig. 7.8 Three patterns of UIP progression. Generally, UIP progression is chronic, characterized

by fibroblastic focus formation and other injury patterns next to fibrosis or the nearby perilobular

area. Subacute progression sometimes takes place, showing interstitial pneumonia with some

luminar organization apart from dense fibrosis. Acute exacerbation shows both luminar organiza-

tion and membranous organization of DAD or ALI/P NOS. Generally, luminar organization takes

place first, followed by membranous organization. In fulminant cases, only hyaline membrane

formation occurs, and death occurs without membranous organization (Modified from Modern

Physician (Ref. [38]), with permission)
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subacute exacerbation, especially choosing therapy methods for lung cancer and

introducing prompt timely therapy. I used to report to clinicians on whether

lobectomized UIP cases had a risk of acute exacerbation or not by checking the

activity of UIP as described before within 1 week, since most postoperative acute

exacerbations occur around 1 week after surgery (unpublished data).

As discussed before, many of acute exacerbations are suspected to begin with

luminar organization-typed DAD or ALI/P NOS; then early vigorous therapy can

be effective.

7.4 Differential Diagnosis of UIP and Etiological Approach

Through Histology

7.4.1 Classification of Interstitial Pneumonias

The classification of interstitial pneumonias is an artificial one, and there was no

complete classification. We thus have to look for a more suitable classification that

shows the clinical-radiological-pathological correlation and indicates the constant

effect of therapy.

Carrington et al. proved the differences in the natural history and treated course

between UIP and DIP [7]. However, DIP was interpreted as the early stage and UIP

as the late stage of IPF in 1976 [53], which was officially corrected in 2002 [1].

In my opinion, interstitial pneumonias of various etiologies can be classified into

three types: acute interstitial pneumonia (using just the pathological pattern, not the

specific disease) within 1 month, SIP with a course of 1–6 months of symptoms, and

chronic interstitial pneumonia with a course of more than 6 months of symptoms or

radiological findings [37, 49, 54]. Acute interstitial pneumonia can be histologically

divided into membranous organization and luminar organization of DAD and

ALI/P NOS. SIP can be histologically divided into organizing IP, c-NSIP, and c-

& f-NSIP (overlap each other). Chronic interstitial pneumonia can be histologically

divided into UIP, c- & f-NSIP, fibrosing NSIP (f-NSIP), DIP, and just chronic

interstitial pneumonia unclassifiable.

Various types of SIP can be reversible. The challenge to the pathologists is

chronic interstitial pneumonia; each histology has its own course and therapy

response. Differentiation is essential for the selection of therapy.

7.4.2 Histological Heterogeneity of UIP and Selection
of SLB Site

7.4.2.1 Histological Heterogeneity

As stated before, Flaherty et al. reported that, among 109 cases (either UIP or

NSIP), biopsied multiple lobes showed UIP-UIP in 47 %, UIP-NSIP in 26 %, and
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NSIP-NSIP in 27 % [47]. Monaghan et al. reported that among 64 previously

diagnosed IPF cases, 12.5 % showed UIP-NSIP, 39.1 % showed UIP-UIP, and

48.4 % showed NSIP-NSIP [48]. I wonder whether the UIP-NSIP group showed

pure UIP-pure NSIP without mixed features in one slide. In both studies, the age of

UIP-NSIP cases was intermediate between those of UIP-UIP cases and NSIP-NSIP

cases. Our SIP +UIP cases are old (not statistically significant) compared with SIP

only. I suspect that, in the UIP-NSIP group, UIP might have a macroscopic mild

extent and NSIP might be complicated, which could explain why the patients are

younger than those with UIP-UIP and show symptoms. Katzenstein et al. also stated

that focal NSIP was frequently seen in UIP [11, 12]. The data indicate that mixed

histological patterns frequently exist, even in one disease, and the complication of

NSIP can be understood as chronic exacerbation of UIP/stepwise progression of it

or subacute exacerbation.

7.4.2.2 Effect of Therapy

Treatment also affects histological features. Matsushima reported that SLB-proved

DIP following treatment showed NSIP by later lobectomy for lung cancer

[55]. Generally, at an advanced stage, each pathological pattern loses its character-

istic or specific features and becomes nonspecific with/without therapy.

7.4.2.3 Selection of Biopsy Site and Management

In order to make a pathological diagnosis, clinicians have to avoid far-advanced

areas and should choose mildly to moderately affected areas, including normal-

looking lung or early-stage areas. If possible, clinicians should select two portions

showing different features on HRCT. In addition, the tip of the middle lobe or

lingula should be avoided because of many nonspecific changes. Afterward, SLB

staple should be removed and formalin should be injected, until the pleural surface

becomes smooth, through the staple-removed area, in order to avoid injection of

formalin into a fibrotic portion and interlobular septum.

7.4.3 Differential Diagnosis of UIP

Smoking affects the pathological features of UIP in various ways. According to our

current understanding, the concept of combined pulmonary fibrosis and emphy-

sema is affected by smoking [56]. The complication of AEF [14] on UIP sometimes

makes the interpretation of UIP difficult [57]. Smoking seems to affect the size of

honeycombing. As stated before, Fukushima et al. divided UIP into a thick-walled

honeycombing group (4.5 mm) and a thin-walled, variously sized honeycombing

group (10.0 mm). The smoking ratio and smoking index were significantly higher in
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the latter [34]. Flaherty et al. also began to look for smoking-related changes in SLB

specimens [58].

UIP is complicated by other histological patterns, and smoking causes additional

features and affects UIP itself, so the differential diagnosis is sometimes difficult.

7.4.3.1 f-NSIP

NSIP was first reported by Katzenstein et al. [45] and incorporated into IIPs [1, 4].

Recent criteria of f-NSIP consisted of interstitial thickening by uniform fibrosis

of the same age, usually preserving the alveolar architecture with varying amounts

of cellular inflammation [4, 59]. Katzenstein et al. stressed the presence of

paucicellular fibrosis with minimal or mild inflammation [11, 12], which indicates

that they thought that this represents a more advanced stage than in the international

criteria [1, 4]. When temporal and spatial uniformity was disturbed, the distinction

between UIP and NSIP became impossible, and chronic interstitial pneumonia

unclassifiable might be a better classification.

When a mixture of UIP and f-NSIP was seen in one slide, distinction became

impossible, and a classification of chronic interstitial pneumonia with UIP and

f-NSIP might be better. Clinical follow-up can resolve whether this is one type of

UIP (UIP + α) or not.

7.4.3.2 DIP

There is much controversy concerning the nature of DIP. Carrington et al. stressed

that DIP progresses to end-stage fibrosis with honeycombing, but has a more

favorable prognosis (70 % survival rate) than UIP [7]. Travis et al. reported a

10-year survival rate of 100 % [60]. The pathological criteria of DIP are as follows:

(a) uniform involvement of lung parenchyma, (b) prominent accumulation of

alveolar macrophages, (c) mild to moderate fibrotic thickening of the alveolar

septa, and (d) mild interstitial chronic inflammation with lymphoid aggregate [1],

and DIP was categorized into smoking-related IIPs akin to RB [4]. Katzenstein

et al. also classified DIP and RB-ILD into a single category and limited this to only

mild inflammation and fibrosis of the alveolar wall [11, 12]. We reported that DIP is

an immunological disorder characterized by increased erythrocyte sedimentation

rate and serum immunoglobulin and increased eosinophils and neutrophils in

bronchoalveolar lavage fluid [61]. We think DIP has no relationship to smoking.

Craig et al. reported that the smoking rate of DIP is 60 % [62]. The etiological and

pathological features of DIP and RB are shown in Table 7.2. We confirmed that DIP

progresses radiologically and shows honeycombing by a long-term follow-up [63],

like Carrington et al. reported [7]. Via therapy and over a long course, the DIP

pathology becomes nonspecific [55, 62, 64]. Early-stage DIP is easy to diagnose,

but fibrotic-stage DIP is difficult to differentiate, especially from f-NSIP (Fig. 7.9)

and sometimes from UIP (our personal experience).
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7.4.3.3 Pulmonary Upper Lobe Fibrosis, Pulmonary Upper Lobe

Predominant Fibrosis, and Pleuroparenchymal Fibroelastosis

In 1992, Amitani et al. reported 13 cases (with one autopsy, three SLB, and five

transbronchial lung biopsy) of idiopathic pulmonary upper lobe fibrosis (IPUF),

vigorously excluding old tuberculosis, old nontuberculous mycobacteriosis, anky-

losing spondylosis, and sarcoidosis, among others which show upper lobe fibrosis

[65]. The histology is completely identical to that of apical scar. The macroscopic

features include peripleural zonal atelectatic induration in the upper lobe beginning

at the apex radiologically, and the histological feature is fibroelastosis with marked

collapse. The coexistence of interstitial pneumonia in the lower lobe was excluded,

so their criteria are strict. Clinically, the patients are not old and thinly built. In

1999, Shiota et al. reported seven cases of pulmonary upper lobe-predominant

fibrosis confirmed by pathology that allows the coexistence of various types of

interstitial pneumonia (mainly UIP) in the lower lobe [66]. Five years later, exactly

the same category was reported under the name of idiopathic pleuroparenchymal

fibroelastosis (IPPF) [67]. This name is inappropriate because the pleura do not

show elastosis and pleural fibrosis is just an associated lesion. In addition, some

cases are not idiopathic. We think that pulmonary upper lobe fibrosis or pulmonary

upper lobe-predominant fibrosis is suitable as the general term, but the term IPPF

was adopted [4]. I feel sorry about this as a Japanese person because Amitani

et al. proposed the original concept in a review and Shiota et al. expanded this

concept as an original paper. Histologically, upper lobe (predominant) fibrosis

shows peripleural dense fibrosis with fibroblastic focus at the edge facing the

normal lung. However, by elastic staining, the lung structure in the dense fibrosis

Table 7.2 Etiological and pathological features of DIP and RB

DIP RB

Cause Idiopathic, CVD, organ-specific autoim-

mune diseases, asbestosis, among others

Smoking only

Lobe Lower lobe predominance Upper lobe predominance

Distribution Confluent panlobular, diffuse Centrilobular, airway centered

Interstitial

inflammation

Plasma cells, lymphocytes, eosinophils, and

lymphoid follicles. Undergoes continuous

fibrosis with structural remodeling

Paucicellular and hyalinous RB

and alveolar wall with preserved

structure

Alveolar

epithelium

Diffuse cuboidal metaplasia Occasional bronchiolarization

Alveolar

lumina

Packed with Mφ and small numbers of

eosinophils and neutrophils

Only Mφ

Character of

Mφ
Large eosinophilic-collared cytoplasm,

vesicular nuclei, and nucleoli

Small, brown-collared cytoplasm,

condensed nuclei without

nucleoli

Abbreviations: DIP desquamative interstitial pneumonia, RB respiratory bronchiolitis, RB respi-

ratory bronchiole, CVD collagen vascular disease, Mφ macrophage
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is preserved, which is completely different from UIP, in addition to different

locations (upper lobe predominance versus lower lobe predominance).

7.4.3.4 Airspace Enlargement with Fibrosis

In 2007, Yousem separated nine cases of respiratory bronchiolitis-associated inter-

stitial lung disease with fibrosis as a disease from f-NSIP by the reevaluation of

SLB slides [68]. In 2008, we found 100 AEF lesions through the examination of

lungs subjected to lobectomy for lung cancer [14]. Katzenstein et al. also reported

nine lesions named smoking-related interstitial fibrosis by examination of 23 lungs

subjected to lobectomy [69]. Reddy et al. reported seven lesions named respiratory

bronchiolitis with fibrosis [70]. The histological features of the above four papers

are similar, except for the multiple thin-walled cysts in our work. The histological

findings are (a) fibrous (frequently hyalinized) interstitium with structural

Fig. 7.9 Suspected fibrotic-stage DIP. A 53-year-old male smoker with diffuse lobule-based

ground-glass opacity and 26 % eosinophils and 28 % neutrophils by bronchoalveolar lavage. (a)

SLB specimen. Rather diffuse involvement with various types of interstitial fibrosis and lymphoid

follicles. Bar: 1 cm. Panoramic view. HE. (b) Lung structure was lost because of intraluminal

organization. In box. �4. HE. (c) Marked accumulation of large-sized, eosinophilic-colored

macrophages in the alveoli and eosinophils in the interstitium (arrow). This comes from another

slide of this case. �40, HE. Pathological differential diagnosis with f-NSIP is impossible. Clinical

information helped in reaching the final diagnosis
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remodeling, (b) emphysematous change, (c) frequently a bronchiolocentric loca-

tion, and (d) general absence of FF. One example is hyalinous fibrous lesion

(Fig. 7.10a) and another is fibrous cysts (Fig. 7.10b). Yamada et al. reported that

the wall of the honeycomb (2.1� 0.3 mm) is thicker than the cyst wall of AEF

(0.9� 0.3 mm) [71].

We used a descriptive term because nonsmokers with an occupational history

also showed the same lesion, but most lesions are smoking related.

7.4.4 Etiological Approach Through Histology

Generally, pathologists cannot decide on the disease or etiology. Collagen vascular

disease (CVD), chronic hypersensitivity pneumonia (CHP), and occupational expo-

sure also cause UIP. The role of a pathologist is only to suggest the probability of

secondary UIP. Only the clinician can decide on the disease.

Fig. 7.10 AEF from lobectomy lung. (a) Subpleural interstitial hyalinous thickening with mild

emphysematous change and cystic change at the inner area (arrow). Bar: 5 mm. �1, HE. (b)

Multiple thin-walled cysts (arrow). Bar: 1 cm. Panoramic view, HE
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7.4.4.1 CVD-Related UIP

Rheumatoid arthritis and Sj€ogren’s syndrome, among others, cause UIP. In addition

to ordinally UIP, plasma cell infiltration in the fibrotic area, lymphoid follicle with

germinal center, various types of airway inflammation including follicular bron-

chiolitis, various types of pleuritis, and inflammatory thickening of the lymphatic

routes are frequently seen (Fig. 7.11). However, the presence of the above features

alone does not mean that UIP is associated with CVD. Song et al. reported that the

germinal center score was the best distinguishing feature, but also reported the

pathological resemblance between autoantibody-positive IPF and CVD [72]. Some

cases of IPF and ANCA-positive UIP also show the same features. When pathol-

ogists see such features, they can suggest the possibility/probability of CVD to the

clinician.

Fig. 7.11 UIP-type CVD lung. A 75-year-old female with CREST syndrome showing

honeycombing and ground-glass opacity by CT with increase of GGO or reticular shadow within

1 year. (a) SLB specimen. The costophrenic edge of the lower lobe shows rather diffuse involve-

ment. ILS means dilated interlobular septum due to formalin. Bar: 1 cm. Panoramic view. HE. (b)

Perilobular dense fibrosis and intraluminal young organization in the central area (arrow). Upper
box, �4. EvG. (c) Marked inflammatory cell infiltration and germinal center around bronchiole.

Lower box, �5. HE. Histology is typical of active UIP showing improvement by steroid semi-

pulse therapy
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7.4.4.2 UIP-Type CHP

Churg et al. reported that most cases of UIP-type CHP showed more

peribronchiolar fibrosis than one would expect in IPF and showed 88 % giant

cells, granulomas, or Schaumann bodies by SLB [73]. Takemura et al. reported

that bronchiolitis, centrilobular fibrosis, bridging fibrosis, organizing pneumonia,

granulomas, giant cells, and lymphocytic alveolitis were significantly more com-

mon among patients with clinically confirmed CHP than among patients with IPF;

however, the frequency of subpleural collapse did not differ between CHP and IPF

cases, using SLB specimens [74]. In addition, Akashi et al. reported that

centrilobular fibrosis and bridging fibrosis were significantly more conspicuous in

the cases with clinically confirmed and treated CHP than in those with IPF by

autopsy examination [75].

Some degree of centrilobular fibrosis and bridging fibrosis together with gran-

ulomas seems to be an indicator of UIP-type CHP. When the above features are

found, pathologists can suggest the probability of CHP to the clinician. When the

causative antigen is found, this is beneficial for patients. Figure 7.12 shows UIP

seen in CHP that is identical to that of IPF.

Fig. 7.12 UIP-type CHP. A 65-year-old male with clinically confirmed bird fancier’s lung

underwent lobectomy for lung cancer. (a) The costophrenic edge showed dense fibrosis with

honeycombing. Bar: 1 cm. Panoramic view. HE. (b) Fibroblastic focus on top of dense fibrosis

(arrow). �10. HE. There was no centrilobular fibrosis, bridging fibrosis, or epithelioid cell

granuloma
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7.4.4.3 Occupational Exposure-Related UIP

Various types of mild to moderate occupational exposure cause a significant rate of

UIP [76–78]. When a silicotic lesion is found, the case is pneumoconiosis-related

UIP [76]. When asbestos bodies (fewer than 2/cm2) are found, the case is asbestos-

related UIP [79] (Fig. 7.13). Yamamoto reported that some asbestosis cases did not

have pleural fibrosis or adhesion and were indistinguishable from IPF, apart from

the asbestos bodies [80]. Therefore, a vigorous search for asbestos bodies by iron

staining is required, even with only mild to moderate occupational asbestos expo-

sure history. When typical bizarre giant cells with emperipolesis are found in the

alveoli, the case might be UIP-type hard metal disease [81]. Metal analysis using

electron probe microanalyzers is needed to confirm etiology.

In both CHP and occupational exposure, the level of exposure is up to moderate,

and the duration of exposure is long.

Fig. 7.13 Asbestos-related UIP. A 74-year-old male with a history of construction work for

30 years and pleural plaque underwent lobectomy for lung cancer. (a) Basal area of the lower lobe

showing diffuse fibrosis with traction ectasis and honeycombing. Macroscopic feature. (b) The

costophrenic edge showed typical UIP with patchy involvement and honeycombing. Bar: 1 cm.

Panoramic view. HE. Box. Typical asbestos body by iron staining. One asbestos body was found

per glass slide, but this does not fulfill the criteria of asbestosis
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7.4.4.4 Not UIP/P

Not UIP/P [10] is an intriguing concept and does not exclude UIP or even IPF. The

presence of hyaline membrane means acute exacerbation. The presence of OP

can indicate subacute exacerbation. Marked interstitial inflammatory cells away

from honeycombing seem to be subacute exacerbation or chronic exacerbation and

also suggest UIP-type CVD or CHP. Granuloma can be seen in IPF, but upon

combination with centrilobular fibrosis and bridging fibrosis, UIP-type CHP is

strongly suggested. Predominant airway-centered changes suggest UIP-type CHP

and occupation-related UIP. Even the presence of fewer than 2/cm2 asbestos bodies

means asbestos-relatedUIP. I think UIP is just a pathological term, not a disease (IPF).

7.4.5 Diagnostic Dilemma

Unfortunately, the pathological diagnosis of the pattern and etiological suggestion

is not a science, but rather an art. There are no definite boundaries, but instead

significant overlaps between pathological patterns and etiological findings. Signif-

icant interobserver variation or difference has also been noted, even among spe-

cialists [82, 83]. When we follow the diagnostic criteria too strictly, many cases

might be unclassifiable, while upon too loose application of these criteria, most

cases would be classified.

7.5 Conclusion

The natural course of UIP is relentless progression, including acute, subacute, and

even chronic exacerbation, and UIP histology complicates the two types of DAD,

ALI/P NOS, organizing IP, and various NSIPs. This complication makes UIP

diagnosis especially difficult. It is inevitable that the pathological classification of

IIPs varies among pathologists.
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Chapter 8

Differential Diagnosis of IPF

What Should We Particularly Keep in Mind in the

Differential Diagnosis?

Hidehiro Watanabe

Abstract The idiopathic pulmonary fibrosis (IPF) guidelines were announced in

the 2011 ATS/ERS/JRA/ALAT statement, and 6 items were listed as Summary

Conclusions. Diagnosis is described in item 2, and both exhibiting a UIP pattern on

high-resolution computed tomography (HRCT) scans, and that finding being consi-

stent with the SLB findings are said to be necessary. The factors that are suspected

of being associated with IPF and are important to the differential diagnosis have

also been sorted out, and we consider them to mainly consist of three categories of

factors and miscellaneous other factors. The first category is chronic hyper-

sensitivity pneumonitis (CHP)/Feather duvet lung (FDL) caused by environmental

factors. The second category is autoimmune-featured interstitial lung disease

(AIF-ILD) in which lung lesions are observed first. The third category consists of

PF that develops after a certain period of time has passed in patients treated with

molecularly targeted drugs, anti-arrhythmia drugs, etc. The rest consist of PF caused

by persistent infection. Because the time that has passed (sometimes as much as

several years) after the corresponding episode is long, and the HRCT findings and

SLB findings resemble the findings in a usual interstitial pneumonia (UIP), differ-

entiation is difficult even when a diagnosis of PF has been made. A wide variety of

possibilities are suspected when PF is encountered, and it is necessary to confirm the

detail of past medical history and base on it to perform special tests (e.g., lympho-

cyte stimulation tests, antibody tests, virus DNA tests) in addition.

Keywords Chronic hypersensitivity pneumonitis (CHP) • Feather duvet lung

(FDL) • Autoimmune-featured interstitial lung disease (AIF-ILD) • Molecularly

targeted drugs • Anti-arrhythmia drugs • Persistent infection
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8.1 Introduction

The American Thoracic Society/European Respiratory Society (ATS/ERS) pro-

posed the 2002 International Multidisciplinary Consensus Classification of the

Idiopathic Interstitial Pneumonias [1]. When a surgical lung biopsy (SLB) has not

been performed, four major criteria and three minor criteria are needed to be

fulfilled to make a diagnosis of idiopathic pulmonary fibrosis (IPF). IPF has the

highest incidence among the idiopathic interstitial pneumonias (IIPs), and it con-

sists of nonbacterial chronic inflammation primarily of the alveolar interstitium and

not intra-alveolar inflammation. The fibrosing of the lungs progresses until the

lungs become irreversibly honeycombed, and it destroys the lungs. IPF has a poor

prognosis. The average median survival time after the diagnosis of IPF is about 3–

5 years, during which patients’ quality of life deteriorates as a result of their

diminishing pulmonary function. Since the ATS/ERS Classification was proposed

in 2002, drug-induced lung injury, environmental factors, collagen-disease associ-

ations, etc. have been important in the differential diagnosis. However, with the

passage of time, problems have come to light in regard to these diagnostic criteria

for IPF. Major criterion 2, i.e., respiratory function; minor criterion 2, i.e., slow

progression; and minor criterion 3, i.e., disease duration, are important in terms of

prognostic factors for IPF, but they do not seem to be IPF specific. There is even a

report that in some cases of IPF in which SLB reveals a usual interstitial pneumonia

(UIP) pattern the pathology progresses despite pulmonary function being normal

[2]. Moreover, there is a possibility that factors, such as smoking, etc., influence the

slow progression of IPF, and acute IPF can be ruled out by disease duration in

minor criterion 3. It was against this background that the IPF guidelines were

announced in the 2011 ATS/ERS/JRA/ALAT statement, and 6 items were listed

as its Summary Conclusions [3, 4] (Table 8.1). Diagnosis is described in item 2, and

both exhibiting a UIP pattern on high-resolution computed tomography (HRCT)

scans and that finding being consistent with the SLB findings are said to be

necessary. Then, “the major and minor criteria proposed in the 2000 ATS/ERS

Consensus Statement have been eliminated.”

The factors that are suspected of being associated with IPF and are important to

the differential diagnosis have also been sorted out [5], and we consider them to

mainly consist of three categories of factors and miscellaneous other factors. The

first category of the factors consists of environmental factors, including pneumo-

coniosis and asbestos lung, and chronic hypersensitivity pneumonitis, including bird

breeder’s disease and farmer’s lung. The second category consists of collagen-

disease-related pulmonary lesions, and the third category consists of drug-induced

pulmonary lesions caused by the latest anti-arrhythmia drugs, anticancer drugs,

and molecularly targeted drugs. The miscellaneous other environmental factors are

microbial pathogens (e.g., special pathogens including viruses that cause infection-

induced pulmonary lesions). Naturally, it is thought that the factor of a smoking also

may play a certain role in the manifestation of interstitial lung diseases (ILD),

although the mechanisms are not still solved. The study of last decade has reported

that a smoking participates in themanifestation of ILD other than chronic obstructive
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pulmonary disease [4, 6]. However, according to study of large-scale for lung cancer

using high-resolution computed tomography (HRCT), interstitial lung abnormalities

are observed in the several percent of asymptomatic smokers [7–9]. At present, it

needs to be evaluated in future studies through discovering the smoking-related ILD

by screening tests such as a lung cancer.

In order to make all of these differentiations, it is important, first and foremost, to

listen to the patient’s past medical history with these differentiations in mind. In this

chapter I will summarize the key points to bear in mind regarding these factors

associated with IPF when making the differential diagnosis.

8.2 Chronic Hypersensitivity Pneumonitis (CHP)/Feather

Duvet Lung (FDL)

Hypersensitivity pneumonitis used to be classified into acute, subacute, and

chronic, but because of difficulty in defining “subacute” [10], it is now classified

into acute and chronic. Acute hypersensitivity pneumonitis has a characteristic

history, clinical picture, and course, and it appears to be relatively easy to make

Table 8.1 ATS/ERS/JRA/ALTA statement

1. IPF is defined as a specific form of chronic, progressive fibrosing interstitial pneumonia of

unknown cause, occurring primarily in older adults, limited to the lungs, and associated with

the histopathologic and/or radiologic pattern of UIP

2. The diagnosis of IPF requires

(a) Exclusion of other known causes of interstitial lung disease (ILD) (e.g., domestic and

occupational environmental exposures, connective tissue disease, and drug toxicity)

(b) The presence of a UIP pattern on high-resolution computed tomography (HRCT) in

patients not subjected to surgical lung biopsy

(c) Specific combinations of HRCT and surgical lung biopsy pattern in patients subjected

to surgical lung biopsy

The major and minor criteria proposed in the 2000 ATS/ERS Consensus Statement
have been eliminated

3. The accuracy of the diagnosis of IPF increases with multidisciplinary discussion between

pulmonologists, radiologists, and pathologists experienced in the diagnosis of ILD

4. IPF is a fatal lung disease; the natural history is variable and unpredictable

(a) Most patients with IPF demonstrate a gradual worsening of lung function over years; a

minority of patients remain stable or decline rapidly

(b) Some patients may experience episodes of acute respiratory worsening despite pre-

vious stability

5. Disease progression is manifested by increasing respiratory symptoms, worsening pulmo-

nary function test results, progressive fibrosis on HRCT, acute respiratory decline, or death

6. Patients with IPF may have subclinical or overt comorbid conditions including pulmonary

hypertension, gastroesophageal reflux, obstructive sleep apnea, obesity, and emphysema.

The impact of these conditions on the outcome of patients with IPF is unclear

Idiopathic pulmonary fibrosis: evidence-based guidelines for diagnosis and management

Summary Conclusions 2011
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the diagnosis. However, because the clinical picture and course of CHP are

similar to the clinical picture and course of IPF and fibrotic nonspecific interstitial

pneumonia (fNSIP), it is difficult to diagnose. In a prospective case-cohort study by

Morell F. et al. [11], 20 (43 %) of 46 patients initially diagnosed as IPF were later

diagnosed as CHP. None of the patients had a medical history of that included an

occupational history of farming, mushroom growing, painting, etc., and there were

no associations with residential humidity or humidifiers. The patients had just been

using ordinary feather bedding. They appeared to have had feather duvet lung

(FDL), and it seems very important to differentiate FDL from IPF.

Associations between feathers and respiratory tract lesions began to be reported

around 1960 when there was a report of dyspnea developing in workers engaged in

duck and goose feather processing [12], and in 1992 Haitjema T. et al. [13] reported

the case of a 31-year-old female with CHP caused by a feather duvet. The event had

developed in a nonsmoker during the 4th year of using a feather duvet. A chest

x-ray showed reticulonodular shadows in both lower lung fields. After feather

duvets came into widespread use worldwide, the pathological features of FDL/CHP

became clear. In 2003, Inase et al. [14] reported a case of FDL/CHP in a 73-year-old

woman. The patient had started using a feather duvet 8 years before, and she had a

chronic course of illness that had developed 3 years before. The HRCT findings

consisted of scattered consolidation, micronodules, and peribronchial ground-glass

opacities. In 2008, Morell F. et al. [15] reported analyzing 86 cases of bird fancier’s
lung and that 17 % were the chronic type and 3 cases were FDL/CHP. In 2010,

Koschel D. et al. [16] analyzed 13 cases of FDL. In one case the patient had used

only a feather pillow, and in the other 12 cases, the patients had either used a feather

duvet or both a feather pillow and a feather duvet. The results of their analysis

showed: “in all patients specific IgG antibodies to goose and/or duck feathers were

detected. Pulmonary function tests revealed a moderate to severe reduced diffusion

capacity and a mild restrictive pattern.” In 6 of the 11 cases in which HRCT was

performed, the images revealed a PF pattern, and in one of the 9 cases in which an

SLB was performed, it showed UIP. Based on these reports, cases that have been

diagnosed as IPF have included a certain number of FDL/CHP cases. FDL/CHP

pursues a chronic course and is slowly progressive and difficult to differentiate from

IPF, but differential aspects have been pointed out based on both the HRCT and

SLB findings.

Akashi T. et al. [17] assessed 16 autopsy cases of CHP and reported that the

predominance of honeycombing in the lower lung fields resembled the findings in

IPF/UIP, but that honeycombing that predominated in the upper lung fields and

asymmetry of the honeycomb lesions were more common in CHP. They also

reported that when there is centrilobular fibrosis in UIP, it is important to conduct

a thorough investigation of the possibility of antigen exposure. Takemura

T. et al. [18] compared 22 cases of CHP accompanied by UIP and 13 cases of

IPF/UIP in which SLB had been performed. They reported that “bronchiolitis,

centrilobular fibrosis, bridging fibrosis, organizing pneumonia, granulomas, giant

cells and lymphocytic alveolitis were significantly more frequent among patients

with CHP than among patients with IPF (all P< 0.01).” Silva C. I. et al. [19]

described the HRCT image characteristics of CHP, thus: “The CT features that best
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differentiated CHP were lobular areas with decreased attenuation and vascularity,

centrilobular nodules, and absence of lower-zone predominance of abnormalities.”

The values of the interstitial pneumonia markers KL-6 and SPD are both high in

FDL and reflect disease activity, but they are not FDL specific. However, Ohnishi

H. et al. [20] reported that the KL-6 levels were high in winter in bird-related HP

(close to FDL) and that seasonal fluctuations in KL-6 values are a valid basis for

making the diagnosis. The presence of specific IgG antibodies to goose feathers

is useful for making the diagnosis of FDL [21], but evaluation is difficult when

it is the chronic type. Antigen-induced lymphocyte proliferation in peripheral blood

or bronchoalveolar lavage cells is positive in FDL. Its specificity is high, and it is

said to be useful in making the diagnosis [22].

Cordeiro C. R. et al. [23] reported a case of CHF that was impossible to

differentiate from IPF because the patient had clinical manifestations, including

shortness of breath, which are common to IPF, and because testing was negative for

parakeet-specific antibody, and because the SLB pathology findings were those of

UIP. There were no significant findings in the pathological diagnosis or specific

antibodies in their case. Nevertheless, the patient “had regular exposure to a para-

keet and poultry,” and “chest imaging showed subpleural cystic lesions and traction

bronchiectasis with a right side and upper level predominance.” The pathological

findings in SLB specimens and the results of specific antibody testing do not always

provide answers, and careful assessment of the medical history and findings is all

that can be done.

8.3 Collagen-Disease-Antecedent PF and Collagen-Related

Diseases

Collagen-related diseases and PF that precedes collagen disease present problems

in making the differential diagnosis. Cases of interstitial lung disease (ILD) in

which there is suspicion of a collagen disease have been debated by the American

College of Rheumatology (ACR), and thus far three concepts have been proposed.

Diseases that do not fulfill the diagnostic criteria established for collagen diseases

have been classified as unclassified connective tissue disease (UCTD) [24–26],

cases with meager systemic findings other than lung lesions have been classified as

lung-dominant connective tissue disease (LD-CTD) [27, 28], and cases with some

sort of autoimmune abnormality that do not fulfill the diagnostic criteria for

collagen disease have been classified as autoimmune-featured interstitial lung

disease (AIF-ILD) [29]. Lung diseases associated with them consist of many

cases of NSIP in UCTD, ILD as a whole in LD-CTD, and many cases of UIP in

AIF-ILD. Thus, there seems to be a high degree of need to differentiate AIF-ILD

from IPF. In 2011, Vij et al. [29] conducted a comparative study in which, based on

replies to a questionnaire and the results of serologic tests, they divided 200 ILD

cases into three groups: an AIF-ILD group (63 cases, 32 %), an ordinary IPF group

(58 cases, 29 %), and a so-called collagen-disease-lung lesion (connective tissue
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disease – interstitial lung disease [CTD-ILD]) group that had already been diag-

nosed with collagen disease (37 cases, 19 %). HRCT revealed a classic UIP pattern

in 62 % of the AIF-ILD cases, and in 81 % of the cases in which an SLB had been

performed, it showed a UIP pattern. Moreover, the outcome of the AIF-ILD cases

was the same as the outcome of the IPF cases. Based on the findings they reported to

have obtained in these cases by HRCT and SLB, which are important tools in

making the diagnosis, it is impossible to reliably distinguish between AIF-ILD and

IPF. Points that have been cited to differentiate AIF-ILD from IPF have been as

follows: female gender; in terms of clinical manifestations, dry eye, gastro-

esophageal reflux disease (GERD), foot swelling, joint pain, and the Raynaud pheno-

menon; and in terms of clinical laboratory test findings, the presence of antinuclear

antibody (ANA) and rheumatoid factor (RF).

In research conducted on IPF, Kono et al. [30] reported a study in which they

followed up 111 IPF cases for a mean period of 6.4 years. The result was the

discovery that a definite collagen disease had developed in ten (9 %) of the cases,

and the collagen diseases consisted of rheumatoid arthritis (RA) in four cases,

microscopic polyangiitis (MPA) in four cases, and systemic sclerosis (SSc) in one

case. There were two factors at the time the diagnosis of IPF was made that were

important predictors of the future onset of a collagen disease: female gender and

biopsy specimen histology showing the presence of lymph follicles with germinal

centers. In addition, the outcome of the IPF accompanied by collagen disease was

significantly better than that of the IPF not accompanied by collagen disease. Thus,

whether or not a collagen disease will develop in IPF in the future appeared to be a

factor related to the prognosis. In research conducted on RA, Lee et al. [31]

assessed 18 cases of ILD associated with RA. In 3 of the 18 cases, the pulmonary

lesions developed first. In two of the three cases, they were UIP lesions, and

in one case they were NSIP lesions. However, the pulmonary lesions had developed

1.6–7 years in advance, earlier than the 1.1–4.3 years in the report by

Kono et al. [30]. Ultimately, they may fall into the AIF-ILD category before a

definitive diagnosis is made.

8.4 Drug-Induced PF

A drug-induced type of PF caused by anticancer drugs (e.g., bleomycin) is known.

Since an underlying disease is present, when treatment with one of the drugs that

fall into this category is considered necessary, it is possible to make the differential

diagnosis of ILD that develops relatively soon after starting the drug. However,

development of a wide variety of drugs is proceeding, and the drug situation has

been changing. The problem is PF that develops after treating patients with mole-

cularly targeted drugs, anti-arrhythmia drugs, etc., and a certain period of time

has passed.
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8.4.1 Infliximab (Antitumor Necrosis Factor-Alpha
Monoclonal Antibody)

Hagiwara et al. [32] reported observing cases in which ILD/IPF developed from

3 weeks to 51 months after starting treatment of rheumatism with infliximab.

All seven patients in whom infliximab was added during maintenance-dose metho-

trexate therapy developed ILD, not IPF according to the strict definition. The

incidence of ILD appears to start to increase with the third course of infliximab

therapy [33–35].

8.4.2 Gefitinib (Epidermal Growth Factor Receptor Tyrosine
Kinase Inhibitor)

Ando et al. [36] reported observing the development of ILD in 70 of 1976 patients

being treated for non-small cell lung cancer with gefitinib. Although not IPF in the

strict sense in this report either, ILD developed an average of 31 days (18–50 days)

after the start of treatment with gefitinib, and risk factors were male gender, history

of smoking, and presence of ILD. The ILD sideration ratio in a gefitinib treatment

had a difference between regenerates, and the ratio in Japanese was significantly

higher than that in American [37].

8.4.3 Amiodarone (Antiarrhythmic Agent)

In research on patients being treated with amiodarone for arrhythmias, Ernawati

D. K. et al. [38] assessed 237 cases of amiodarone lung injury and reported that at

the age of 60 years and over, a duration of treatment of 6�12 months and

cumulative doses of 101–150 g were high risk factors. Kang I. S. et al. [39]

observed 7 cases of lung injury among 34 amiodarone therapy cases, and in 6 of

them, the lung injury was PF. Furthermore, the cumulative dose in the cases that

developed lung injury was 449.6 g� 191.4 g, and the duration of treatment was

2206.7 days� 1207.4 days. Since their results showed a higher cumulative dose and

longer duration of treatment than in the report by Ernawati D. K. et al. [38], they

considered regular HRCT follow-up examinations to be necessary to detect the

onset of PF.

All of the above were drug therapies for an underlying disease, but, with the

exception of gefitinib, if the onset occurred several years after treatment, then the

differential diagnosis is not easy. Follow-up in the form of regular HRCT exami-

nations and observation of KL-6 and SPD values before treatment as a baseline are

considered effective means of detecting the onset of drug-induced PF [40, 41].
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8.5 Infection-Induced PF

Herpesvirus involvement, in particular, has been pointed out among cases of PF

caused by persistent infection by viruses and other pathogens [42]. Hepatitis C virus

[43], adenovirus [44], human cytomegalovirus (HCMV) [45], and Epstein-Barr

virus (EBV) [46] have also been associated with the development of PF. These

viruses cause persistent latent infections and do not produce any clear clinical

manifestations of an infection. Dworniczak S. et al. [45] compared newly diagnosed

PF patients and 16 healthy volunteers and tested their alveolar lavage fluid cells for

the presence of HCMV DNA. Both groups tested positive for HCMV DNA, but the

number of DNA copies in the PF group was significantly higher. Endoplasmic

reticulum (ER) stress has been hypothesized to increase as a result of persistent

infection and induce alveolar epithelial-cell apoptosis [47]. Lawson et al. [48]

discovered that the markers of endoplasmic reticulum (ER) stress were elevated

in alveolar epithelial cells lining areas of the fibrosing portion of IPF using the

immunostain. They also discovered the antigen proteins of three herpesviruses

(EBV, CMV, or HHV-8) to the same area seen with the same distribution for the

ER stress markers. These findings were the interesting reports which suggest the

hypothesis implicating alveolar epithelial-cell apoptosis in the pathogenesis of

PF. There was also a report of PF being observed in an SLB 1 year after Myco-
plasma pneumoniae pneumonia [49], and there is a possibility of PF developing as a

result of a pathogen that causes a latent infection. However, there were some reports

which were not able to discover the antigen of herpesviruses from the tissue of PF

[50, 51]. It is still unknown that the infection of viruses and others may play the role

to IPF. The relationship between latent infections (such as viruses and others) and

IPF will be probably confirmed in the near future.

8.6 Conclusion

I think that there are three major categories of conditions plus infections that require

differentiation from IPF (Table 8.2). The first category is CHP/FDL caused by

environmental factors. The second category is AIF-IDL in which lung lesions are

observed first. The third category consists of PF that develops after a certain period of

time has passed in patients treated with molecularly targeted drugs, anti-arrhythmia

drugs, etc. The rest consist of PF caused by persistent infection. Because the time that

has passed (sometimes as much as several years) after the corresponding episode

is long, and the HRCT findings and SLB findings resemble the findings in UIP,

differentiation is difficult even when a diagnosis of PF has been made. Special tests

also are impossible without postulating the differential diagnosis. A wide variety of

possibilities are suspected when PF is encountered, and it is necessary to confirm the

detail of past medical history and base on it to perform special tests (e.g., lymphocyte

stimulation tests, antibody tests, virus DNA tests) in addition.
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Zompatori M, Pastorino U. Interstitial lung diseases in a lung cancer screening trial.

Eur Respir J. 2011;38(2):392–400.

8. Washko GR, Hunninghake GM, Fernandez IE, Nishino M, Okajima Y, Yamashiro T, Ross JC,
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Chapter 9

Pharmacotherapy of IPF Using Antifibrotic

Compounds

Can Antifibrotic Agents Rescue Patients with IPF?

Tomohiro Handa and Arata Azuma

Abstract Pirfenidone is an antifibrotic agent that has multiple functions, and three

out of four phase III clinical trials proved its efficacy to suppress disease progres-

sion in patients with mild to moderate idiopathic pulmonary fibrosis (IPF). In

addition, pooled data have shown its efficacy to improve survival of patients with

IPF. Nintedanib is another drug whose efficacy in the treatment of IPF has been

confirmed by clinical trials, and both these drugs have recently been approved by

the FDA. However, the efficacy of both drugs in severe IPF and the optimal length

of therapy remain unknown. Based on the balance of clinical efficacy, side effects,

disease severity itself, and cost-effectiveness, neither of these drugs is strongly

recommended in the international guidelines. Furthermore, inhaling NAC is a cost-

effective therapy, and well-conducted RCT should be considered to assess its

effectiveness in treating IPF. Because a substantial percentage of patients with

IPF die from acute exacerbation or lung cancer, medical treatment for IPF should

focus not only on slowing the disease progression, but also on reducing the risk of

acute exacerbation and lung cancer. Further investigation regarding the efficacy of

combination therapies is necessary.
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9.1 Introduction

Recent studies have shown that the pathogenesis of idiopathic pulmonary fibrosis

(IPF) is characterized by alveolar epithelial cell damage and death caused by

repetitive injuries that is followed by aberrant wound healing and excessive fibrosis.

It also appears that genetic susceptibility together with environmental factors

confers predisposition to IPF development. Molecules involved in IPF pathogenesis

are potential targets of drug treatment, and a number of large-scale clinical studies

have been conducted since 2005 [1]. However, most of these studies have failed to

show efficacy of the drugs being tested. To date, only pirfenidone and nintedanib

(formerly known as BIBF 1120) have shown efficacy in slowing the progression of

IPF. Pirfenidone is the first drug approved for the treatment of IPF in Japan and is

now approved in more than 30 countries spanning the EU, Korea, and Canada

[2]. Based on the positive results in multiple phase III clinical trials, including the

ASCEND trial [3], it has also recently been approved by the Food and Drug

Administration (FDA) in the United States. Nintedanib has demonstrated encour-

aging results in phase III studies [4] and has also been approved by the FDA.

Emergence of multiple drugs is going to widen our choice of medical treatment for

IPF. In this chapter, we focus on pirfenidone and nintedanib, which are expected to

play a central role in the medical treatment for IPF, and review their mechanisms of

action as well as results of their clinical trials, including their efficacy and side

effects. The potential efficacy of inhalation therapy with N-acetylcysteine (NAC),

which has been mainly used in Japan, will also be discussed.

9.2 Pathogenesis of IPF and Potential Therapeutic Targets

The precise disease pathogenesis of IPF still remains unclear, but it is considered to

be a heterogeneous process that differs from patient to patient. Alveolar epithelial

cell injury and death is a crucial step in IPF progression, which is caused by a

variety of stimuli such as smoking, virus infection, and acid reflux. In response to

the epithelial cell injury, an increase in vascular permeability, extravascular leak of

inflammatory cells, and immune activation occurs. In addition, Th1/Th2 immune

balance is shifted toward a Th2-dominant milieu and may contribute to the

fibrotic process. In IPF, these responses hinder the complete wound healing and

reepithelialization, but result in lung fibrosis and functional impairment (Fig. 9.1)

[1]. The molecules involved in these disease processes are ideal potential targets for

IPF therapy. It has been shown that genetic susceptibility may also be involved in

the development of IPF. Telomere length is associated with cell life cycle, and

telomere shortening may contribute to the epithelial cell injury observed in IPF

[5]. Previous reports have shown that mutations of genes controlling telomere

length, such as TERT and TREC, are associated with an increased risk of IPF

development [6]. A recent genome-wide association study (GWAS) showed that a
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common variant of the MUC5B gene is associated with the susceptibility to IPF [7],

and this has been reproduced in a few other IPF cohorts. Furthermore, the suscep-

tible allele of the MUC5B promoter gene is associated with better prognosis,

suggesting that IPF patients who carry MUC5B-susceptible alleles may have

different pathogenesis than other IPF patients [8]. Although the precise role of

MUC5B remains unclear, this molecule may be involved in the host defense

mechanisms present in IPF. Another recent study also showed association between

lung microbiome and IPF progression [9], suggesting that host defense mechanism

may play a key role in the pathogenesis of IPF. Further investigation of this

mechanism may lead to the development of novel drugs for the treatment of IPF.

9.3 Pirfenidone

9.3.1 Mechanism of Action

Animal studies have shown that pirfenidone suppresses accumulation of inflam-

matory cells within alveoli; production of inflammatory cytokines such as IL-1β,
IL-6, and TNFα; and activation of growth factors, including transforming growth

factor-β (TGF-β), platelet-derived growth factor (PDGF), and basic fibroblast

growth factor (bFGF). Pirfenidone also suppresses the decrease of interferon

(IFN)-γ production in bleomycin-administered animals, shifting the immune bal-

ance to a Th1-dominant milieu [10] (Fig. 9.1). Furthermore, pirfenidone has

Fig. 9.1 Pathogenesis of IPF and the mechanism of action of antifibrotic agents

9 Pharmacotherapy of IPF Using Antifibrotic Compounds 149



antioxidant properties [11] and suppresses fibrocyte migration [12], which leads to

its antifibrotic activity.

9.3.2 Results of RCT

According to the open-label studies conducted by Raghu et al. [13], a double-blind,

phase II, placebo-controlled trial was conducted in Japan, which recruited

107 patients with IPF to evaluate the efficacy of pirfenidone (maximum 1800 mg/

day) [14]. The patients recruited for this study were well-defined patients with IPF

belonging to the age group of 20–75 years, with PaO2 level≧70 torr and the lowest

SpO2 level <90 % during the 6-min steady-state exercise walk test on the treadmill

(6MET). The primary endpoint was a change in the lowest SpO2 level during the

6MET. Based on trends in the decreased frequency of acute exacerbation in the

pirfenidone group observed during the former 6 months of the trial, this study was

terminated at the 9th month. There was no significant difference in the primary

endpoint at the 9th month; however, significant improvement in the lowest SpO2

level was observed in a subpopulation of 80 patients, who had the lowest SpO2 level

>80 % during 6MET ( p¼ 0.0069 at the 6th month, p¼ 0.0305 at the 9th month).

There was a significant difference in the decline of VC between the pirfenidone

group (�0.03 L) and placebo group (�0.13 L) ( p¼ 0.0366). In addition, there was

a difference in the frequency of acute exacerbation during this 9-month study period

between the pirfenidone group (no patients) and the placebo group [5/35 (14 %)

patients] ( p¼ 0.0031). In the pirfenidone group, photosensitivity was found in

43.8 % of the patients, and gastrointestinal symptoms were found in approximately

30 % of the patients, but these side effects were not associated with a significant

difference in the frequency of patients who discontinued the medication.

In a subsequent phase III study in Japan, 267 patients with IPF were treated with

pirfenidone for 52 weeks [15]. Eligible patients belonged to the age group of 20–

75 years of age, with oxygen saturation of 5 % or more difference between the

resting SpO2 level and the lowest SpO2 level during 6MET and the lowest SpO2

level�85 % during the 6MET. Patients were allocated to high-dose (1800 mg/day),

low-dose (1200 mg/day), and placebo groups in a 2:1:2 ratio. The primary endpoint

was the change in VC at the 52nd week, and both the high-dose (�0.09 L) and the

low-dose groups (�0.08 L) showed a significant difference when compared with

the placebo group (�0.16 L) ( p< 0.05). The secondary endpoints included

progression-free survival (PFS) and minimal SpO2 level during the 6MET. The

high-dose group showed significant improvement in PFS ( p¼ 0.0280), whereas the

low-dose group showed marginal improvement ( p¼ 0.0655). There was no signifi-

cant difference in the minimal SpO2 during 6MET or the frequency of acute

exacerbation between the pirfenidone and placebo groups. Photosensitivity was

observed in 51 % of the patients in the high-dose group and 53 % of the patients in

the low-dose group; however, in most of the cases, it was mild in severity, and only

3 % of the patients discontinued the study due to photosensitivity.
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The CAPACITY trial was a multicenter, randomized controlled trial consisting

of two concurrent studies (study 004 and 006), which recruited patients with IPF

from Australia, Europe, and North America and evaluated the efficacy of

pirfenidone (2403 mg/day or 1197 mg/day) on FVC decline observed at the 72nd

week [16]. In study 004, the group that received 2403 mg/day of pirfenidone

showed a significantly lower decline in FVC each time from the 24th week to the

72nd week, and the groups that received 1197 mg/day of pirfenidone showed an

intermediate outcome between the pirfenidone 2403 mg/day group and the placebo

group. However, in study 006, there was no significant difference in FVC decline

between the pirfenidone and placebo groups at 72 weeks, prompting US regulatory

authorities to request an additional trial for its approval by the FDA.

The ASCEND trial was conducted at 127 sites in 9 countries, and 555 patients

were allocated to either an oral pirfenidone (2403 mg/day) or placebo group.

Patients recruited to the study had to meet all of the following criteria: %FVC,

50–90 %; %DLCO, 30–90 %; FEV1/FVC, >0.8; and 6MWD, >150 m [3]. These

criteria were aimed at enrolling patients with more advanced progressive disease

than the CAPACITY 006 trial, in which the negative result could be ascribed to the

attenuated disease progression in the placebo group. These criteria also intended to

exclude patients with an airflow limitation, as is seen in patients with comorbid

emphysema. There was a significant difference between the groups pertaining to the

primary endpoint, the change in the %FVC from baseline to the 52nd week

( p< 0.001). The change in FVC was �428 mL in the placebo group and

�235 mL in the pirfenidone group. In addition, regarding the secondary endpoint,

pirfenidone treatment improved the 6MWD and PFS. Furthermore, in a pooled

analysis of the three phase III studies (692 patients in the CAPACITY studies and

555 patients in the ASCEND trial), 1-year mortality was decreased by 48 %

( p¼ 0.01), and IPF-associated mortality was decreased by 68 % ( p¼ 0.006) in

the pirfenidone group as compared with the placebo group. Skin-related events

(pirfenidone group 28.1 %, placebo 8.7 %) and gastrointestinal events were more

common in the pirfenidone group, but no patient in either group exhibited more

than a grade 4 event.

RECAP is an open-label extension study that recruited patients who were

previously randomized to the placebo groups in one of the two CAPACITY studies.

Eligible patients received oral pirfenidone as 2403 mg/day, and their lung function

and survival rates were evaluated. This study included 178 patients, who showed

similar lung functioning and survival rates as compared with the patients treated

using pirfenidone in the CAPACITY trials [17]. This study further confirmed the

clinical efficacy of pirfenidone in the treatment of IPF.
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9.3.3 Characteristics of Patients Who Benefit from
Pirfenidone

In three out of four phase III studies, pirfenidone reduced the decrease in VC or

FVC, and the pooled analysis of these studies showed that its administration

improves survival of patients with IPF. However, it remains unclear what are the

distinct characteristics of patients who benefit from pirfenidone. On an average, the

study population in the phase II study in Japan [14] showed %VC as 80 % and %

DLCO as 50–60 %. In the phase III study in Japan [15], the study population

showed %VC as 75–80 % and %DLCO as 50–55 %, indicating that these studies

were conducted in patients with mild to moderate levels of IPF. The participants in

the ASCEND trial had relatively severe disease, showing %FVC as 65 to 70 % and

%DLCO as 40–45 %, with 22 % of these patients having %DLCO <35 %. In the

subanalyses of the phase III study in Japan [18], patients were stratified by baseline

%VC, arterial oxygen partial pressure (PaO2), and minimal SpO2 during 6MET.

The study showed that the effect of pirfenidone on VC was most prominent in a

subgroup of patients having %VC �70 and SpO2 level during 6MET <90 % at

baseline. However, in this study the number of patients stratified into the severe

disease category was small and definite conclusions could not be made.

An open-label study by Nagai et al. [19], which comprised 8 patients with IPF

and 2 patients with systemic sclerosis-associated UIP who had relatively severe

disease with average %VC as 54.6 %, but some of these patients showed stabili-

zation of the disease by pirfenidone. In another study, Okuda et al. evaluated the

efficacy of pirfenidone in 76 patients with IPF including severe cases and found

marginal significant effect of pirfenidone in 11 patients with %VC as <60 %,

whose FVC changed from �280 mL before treatment to �80 mL after 6 months of

treatment ( p¼ 0.074) [20], and they also showed that a progressive FVC decline

before treatment is associated with a good response to pirfenidone. These reports

suggest that there may be some patients with severe disease who respond to

pirfenidone. In contrast, Arai et al. showed that mild disease (Japanese severity

grade I or II) and SLB diagnosis for IPF were associated with a favorable short-term

response to pirfenidone [21]. As will be described later, some European guidelines

recommend pirfenidone in mild to moderate disease based on CAPACITY data.

Further investigation is necessary to elucidate the efficacy of this drug in severe

IPF. As the ASCEND trial eliminated patient airflow limitations, the efficacy of

pirfenidone in patients with comorbid emphysema should also be examined.

9.3.4 Side Effects of Pirfenidone and Its Management

As aforementioned, photosensitivity and gastrointestinal symptoms are two major

side effects of pirfenidone. In post-marketing surveillance of 1370 Japanese

patients who underwent pirfenidone treatment, the most common side effect was
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loss of appetite (27.9 %), followed by photosensitivity (14.4 %) and nausea (7.9 %)

(Inoue Y, Azuma A, Ogura T, et al. All-case post-marketing surveillance (PMS) of

pirfenidone in Japan: clinical characteristics, efficacy and safety profile in >1300

patients with idiopathic pulmonary fibrosis (IPF). 2013 ERS Annual Meeting,

P3369, Barcelona.). These data suggest that the frequency of photosensitivity can

be reduced by educating patients to avoid ultraviolet exposure and encourage the

use of sunscreen. In Japan, proton pump inhibitors (PPI), cisapride or rikkunshi-to

(a herbal medicine) is used to prevent gastrointestinal symptoms, although their

efficacy is often unsatisfactory. Arai et al. showed that PPI are efficacious in the

management of gastrointestinal side effects caused by pirfenidone treatment [21],

while others have shown a similar effect of rikkunshi-to [22]. Further investigation

is necessary regarding the management of the side effects of pirfenidone to ensure

its full effect.

9.3.5 Potential Role of Pirfenidone in Other Clinical Settings

There are only limited data available regarding the efficacy of pirfenidone in

interstitial lung diseases besides IPF. Miura et al. used pirfenidone in patients

with untreated systemic sclerosis-associated interstitial pneumonia, and VC

improved in all patients [23]. Vos et al. reported a case of restrictive allograft

syndrome (RAS) following lung transplantation, in which pulmonary function and

HRCT results were found to be improved during the treatment with pirfenidone

[24]. In this patient, lung histology demonstrated a combination of diffuse PPFE,

alveolar fibrosis, and bronchiolitis obliterans. Some physicians hesitate to use

pirfenidone in patients with PPFE due to potential adverse effects on pneumo-

thorax. However, due to the limited medical therapy available for this disease,

further investigation is necessary regarding the effect of pirfenidone on PPFE.

Retrospective data in Japan showed that pirfenidone may be effective for the

prevention of lung cancer in patients with idiopathic interstitial pneumonias,

including IPF (Miura Y, Saito T, Tsunoda Y et al. Clinical effect on incidence of

lung cancer of pirfenidone in idiopathic interstitial pneumonias. 2014 ERS Annual

meeting, Munich), which requires further confirmation in prospective studies.

Pirfenidone is also used to prevent acute exacerbation after surgery. Iwata

et al. retrospectively analyzed postoperative events in twelve patients with IPF

and concomitant lung cancer that received perioperative pirfenidone and compared

them with those of 16 patients with IPF who underwent lung cancer surgery without

pirfenidone treatment. They showed that there were no IPF-related events in

patients with perioperative pirfenidone treatment, whereas six control patients

developed acute exacerbation of IPF (P¼ 0.0167) [25]. A prospective clinical

study is currently ongoing in Japan examining whether pirfenidone has a prophy-

lactic effect on acute exacerbation following lung cancer surgery in patients

with IPF.

9 Pharmacotherapy of IPF Using Antifibrotic Compounds 153



9.4 Nintedanib

9.4.1 Mechanism of Action

Receptor tyrosine kinases play a crucial role in regulating cell proliferation, migra-

tion, metabolic changes, differentiation, and survival. Nintedanib (formerly known

as BIBF 1120) is an intracellular tyrosine kinase inhibitor that suppresses multiple

tyrosine kinase receptors, including those of VEGF, fibroblast growth factor (FGF),

and platelet-derived growth factors (PDGF). Nintedanib is used in several malig-

nant diseases, including lung cancer [26]. Chaudhary et al. showed that BIBF

suppresses TGF-β2-induced αSMA expression in fibroblasts derived from patients

with interstitial pneumonia, suggesting that VEGF, FGF, and PDGF are involved in

the pathogenesis of pulmonary fibrosis [27]. Thus, this agent was expected to be a

potential therapeutic drug for IPF. Nintedanib is believed to exert its antifibrotic

effect by suppressing elevation of inflammatory cells within alveoli, fibroblast

proliferation, and fibroblast to myofibroblast transformation [28]. In addition,

PDGF and FGF are also involved in the pathogenesis of pulmonary arterial hyper-

tension (PAH) [29]. Therefore, nintedanib may also have a beneficial effect on

pulmonary hypertension in patients with IPF.

9.4.2 Results of RCT

A phase II study was conducted in 432 patients with IPF to investigate the efficacy

and optimal dosage of nintedanib in this disease [30]. The primary endpoint was the

annual rate of decline in FVC. Patients were randomly assigned to one of the five

groups, which included four groups that received different doses of nintedanib

(50 mg once a day, 50 mg twice a day, 100 mg twice a day, or 150 mg twice a

day) and a placebo group. After 12 months, FVC decreased by 0.19 L in the placebo

group, whereas FVC decreased by only 0.06 L in the nintedanib 150 mg twice a day

group ( p¼ 0.01 with the hierarchical testing procedure, p¼ 0.06 for multiplicity

correction). With this dose, nintedanib decreased the frequency of acute exacer-

bation ( p¼ 0.02) and improved SGRQ ( p¼ 0.007). However, the frequency of

liver enzyme elevation and discontinuation of the treatment due to gastrointestinal

symptoms were higher in the nintedanib 150 mg twice a day group as compared

with placebo. Next two replicate phase III trials (INPULSIS-1 and INPULSIS-2)

were conducted to evaluate the efficacy and safety of 150 mg of nintedanib twice a

day [4]. In these trials, 1066 patients with IPF were randomly assigned in a 3:2 ratio

to receive nintedanib or placebo. The primary endpoint, which was in the 52-week

rate of FVC decline, was improved with nintedanib treatment in both INPULSIS-1

(�114.7 mL vs. �239.9 mL, p< 0.001) and INPULSIS-2 (�113.6 vs. �207.3 ml,

p< 0.001). Nintedanib was also shown to prolong time to the first acute exacer-

bation ( p¼ 0.005) in INPULSIS� 2, but not in INPULSIS-1. Pooled analysis of
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these three clinical trials showed no significant effect of nintedanib on mortality,

but nintedanib had a significant benefit to prolong the time to the first acute

exacerbation in IPF. Diarrhea was the most frequent adverse event and was

observed at a rate of 61.5 % and 63.2 % in the nintedanib groups from these studies.

However, less than 5 % of the events led to the discontinuation of the study.

9.5 NAC

It has been reported that an oxidant/antioxidant balance is involved in the patho-

genesis of IPF [31, 32]. NAC is a precursor of the major antioxidant glutathione and

is a potential drug for the treatment of IPF. A non-randomized trial showed that

treatment with oral NAC increased alveolar glutathione levels and improved the

lung functioning in IPF and connective tissue diseases [33]. Following this, a

double-blind, placebo-controlled multicenter study (IFIGENIA study) was

conducted to evaluate the efficacy of adding oral NAC at a dose of 1800 mg/day

to prednisolone and azathioprine, which was a standard drug therapy for IPF at that

time. VC and DLCO significantly improved after a 12-month treatment in the NAC

group compared with the control group [34]. However, this study did not include a

pure placebo arm. The PANTHER trial was conducted to evaluate the efficacy of

NAC alone compared to the three-drug regimen (prednisolone, azathioprine, NAC).

Mild to moderate IPF patients with %FVC as >50 % and %DLCO as >30 % were

assigned to triple therapy, NAC alone, and placebo groups. However, the study was

interrupted due to the increased frequency of death or disease progression in the

three-drug regimen group [35], and a clinical alert was issued. After a period of

interruption, the trial protocol was modified, and patients were recruited for NAC

alone and placebo groups and were evaluated for 60 weeks. There was no signifi-

cant difference in the primary endpoint (FVC change), although 6MWD and quality

of life (QOL) tended to improve in the NAC group compared with placebo.

However, cardiac disorders were significantly higher in the NAC group (6.8 %)

as compared with the placebo group (1.5 %) [36].

In Japan, oral NAC is unavailable, but NAC inhalation therapy has been tried in

some institutes. A multicenter, prospective, randomized controlled clinical trial

which included 76 patients with mild to moderate IPF that experienced no

desaturation following exercise was conducted in Japan [37]. Patients were

assigned to a group that received 352.4 mg of NAC via inhalation twice daily or

to a control group. There was no significant difference in the primary endpoint

(FVC change) after 48 weeks. However, NAC therapy was associated with FVC

stability in a subset of patients with initial %predicted FVC as <95 % (n¼ 49,

p¼ 0.02) or initial %predicted DLCO as <55 % (n¼ 21, p¼ 0.009). Adverse

events included mild to moderate bacterial pneumonia, cough, sore throat, and

hypercholesterolemia. NAC inhalation therapy is reported to have an advantage in

cost-effectiveness, but further investigation with a larger number of patients is

required to determine the efficacy of inhaled NAC in patients with IPF.
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9.6 Other Agents

Based on the disease pathogenesis of IPF (Fig. 9.1), several new drugs are under

evaluation which target Th1/Th2 balance, cytokines, or chemokines. A number of

clinical trials have been conducted to evaluate the efficacy of bosentan, macitentan,

ambrisentan, interferon, sildenafil, TNF-α inhibitor, imatinib mesylate, Anti-CCL2

antibody, anti-IL-13 monoclonal antibody, and others. However, none of the trials

with these drugs have shown significant efficacy in the treatment of IPF. Ongoing

clinical trials include those with IL-13 monoclonal antibody, Integrin avβ6 mono-

clonal antibody, CTGF inhibitor, lysophosphatidic acid receptor antagonist, and

LOXL2 monoclonal antibody [1]. It is hoped that these studies may lead to the

discovery of novel drugs which widen our choice of treatment for IPF.

9.7 Guideline Recommendation

In the revised IPF guideline by ATS/ERS/JRS/ALAT published in 2011 [38], no

medical therapy is positively recommended when taking the balance of clinical

evidence, efficacy, cost, and potential harmful effects into account. “Strong

against” recommendation was given to many of the drugs which had been used in

clinical practice, including corticosteroids alone or in combination with immuno-

modulatory drugs. “Weak against” recommendation was given to pirfenidone,

triple therapy (prednisone, azathioprine, NAC), and anticoagulation therapy, mean-

ing that these drugs may not be appropriate for majority of the patients. However, it

should be noted that majority of the committee members abstained from voting for

pirfenidone because they were involved in the CAPACITY trials, and the panel felt

that many would want the treatment [2, 38]. After the approval of pirfenidone in the

European Union in 2011, guidelines for IPF have been updated in European

countries, and many of them recommend that patients with mild to moderate IPF

should be offered pirfenidone [2]. For instance, in the United Kingdom pirfenidone

is recommended for patients with IPF with %FVC as 50–80 %, and in France

pirfenidone is recommended for patients with %FVC as 50–80 % and %DLCO as

<35 %. Now that triple therapy [35] and anticoagulation therapy [39] have been

proved to be ineffective or even harmful, pirfenidone is the only drug to be

recommended in these guidelines. Following the result of the ASCEND trial,

pirfenidone has been approved by the FDA, and the ATS/ERS/JRS/ALAT

evidence-based guideline is now under the process of being updated so that

pirfenidone and nintedanib will be given conditional recommendation. However,

whether the use of pirfenidone will be indicated in severe IPF cases or in those with

emphysema still remains unclear.
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9.8 Combination Therapy

Due to the emergence of many drugs with varying mechanisms of action, combi-

nation drug therapy for IPF is expected. It is of our particular interest whether

combination therapy with pirfenidone and nintedanib is more effective than therapy

with either drug alone. Despite the initial lack of efficacy of oral NAC combined

with immunosuppressive drugs, further investigation is required to evaluate the

efficacy of adding NAC to antifibrotic drugs. Sakamoto et al. retrospectively ana-

lyzed the effect of pirfenidone in 18 patients with progressive and advanced IPF and

found that patients who had combination use of inhaled NAC showed a favorable

response to pirfenidone, including better survival [40]. In the Spanish guideline for

IPF, pirfenidone is recommended as the first-line therapy in patients with IPF with

FVC as >50 %. In patients whose disease continues to progress, the possibility of

designing pirfenidone combination regimens was described [41]. At present, lim-

ited data is available for combination drug therapy in IPF, and further investigation

is required.

9.9 Conclusion

Based on clinical experience in Japan and other countries where pirfenidone is

approved, pirfenidone is presently the most reliable drug for the treatment of mild

to moderate IPF when considering both efficacy and safety. However, its effect on

IPF is far from a “cure,” and it remains unclear at what stage of disease and in which

type of patients it should be used. In a mild case, an initial policy of observation

may be appropriate. Nintedanib is another drug which should demonstrate clinical

utility in the treatment of IPF; however, further information is necessary regarding

its long-term efficacy and safety.

Although oral NAC did not show a significant effect in a clinical trial, further

investigation is necessary on the effectiveness of NAC inhalation therapy in

patients with mild disease. In Japan, acute exacerbation and lung cancer account

for 40 % and 11 %, respectively, of the cause of death in IPF [42], and thus they are

important prognostic factors. Unfortunately, the effect on acute exacerbation has

not been consistently observed in clinical trials evaluating pirfenidone and

nintedanib. Since acute exacerbation is not always diagnosed accurately, we need

to standardize diagnostic process of this devastating disease that develops during

chronic course of IPF. Further analysis of the benefit of antifibrotic agents on acute

exacerbation and/or overall survival is needed for appropriate indication of these

agents which were not clearly given in RCTs. In addition, pulmonary hypertension

(PH) is another prognostic factor in IPF, and the effect of antifibrotic agents on PH

should be investigated. Further investigation is required on the efficacy of combi-

nation therapy, or the possibility of therapy tailored based on disease severity,

genetic background, and comorbidities, to establish a comprehensive strategy for

the treatment of IPF.
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Chapter 10

Pharmacotherapy of IPF (Corticosteroids,

Immunosuppressants, Etc.)

Are These Actually Effective? Ineffective? Harmful?

Masashi Bando

Abstract There was no evidence showing the usefulness of corticosteroid and

immunosuppressant with anti-inflammatory effects for the treatment of idiopathic

pulmonary fibrosis (IPF). This therapy may induce acute exacerbation associated

with dose reduction and side effects such as a complicated infection. Therefore, the

treatment with corticosteroid and immunosuppressant is not recommended in

definite IPF patients in an official ATS/ERS/JRS/ALAT statement (evidence-

based guidelines for diagnosis and management of IPF).

However, the usefulness of the combination therapy with a small amount of

corticosteroid and immunosuppressant or antifibrotic agents is still unknown. It

cannot be completely denied that this combination therapy becomes one of the

therapies as conditional recommendation for the moment.

Keywords Idiopathic pulmonary fibrosis • Corticosteroid • Immunosuppressant

10.1 Introduction

Because it is thought to be important to control “lung injury caused by chronic

inflammation of alveolar septa and the process of becoming fibrotic,” historically, a

corticosteroid and immunosuppressant with anti-inflammatory effects have been

administered as the treatment strategy for idiopathic pulmonary fibrosis (IPF) [1–3].

However, in low-evidence studies performed before 2000 [4, 5], not all IPF

patients were given combination treatment of a corticosteroid and immunosuppres-

sant. In addition, patients with nonspecific interstitial pneumonia (NSIP) or sec-

ondary interstitial pneumonia might have been included in the studies showing that

corticosteroid therapy was effective. In the ATS/ERS international consensus

statement in 2000 [6], the combination of a relatively small amount of
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corticosteroid and immunosuppressant has been proposed as a therapy for IPF.

Additionally, because combination therapy with immunosuppressant was effective

compared with corticosteroid monotherapy which was shown to be less effective

[7, 8], the combination of a corticosteroid and immunosuppressant is designated as

a proposed therapy in guidelines on the diagnosis and therapy of idiopathic inter-

stitial pneumonias (IIPs) published in Japan in 2004. The combination of an

immunosuppressant with corticosteroid tapering or corticosteroid alternate-day

therapy has been provided as a specific treatment for IPF until the revised second

edition published in 2008 [9].

Moreover, in recent years, a major pathological condition of IPF that produces

resistance to corticosteroid therapy is believed to be “repetitive alveolar epithelial

cell injury and subsequent abnormal lesion repair, which induce proliferation of

fibroblasts and deposition of extracellular matrix,” by the development of molec-

ular techniques used in studies of pathophysiological conditions, resulting that an

antifibrotic therapy is playing a central role [10–12].

This chapter describes functions of treatment with a corticosteroid and immu-

nosuppressant in the medical care of IPF patients in the stable phase based on the

latest evidences.

10.2 Corticosteroid and Immunosuppressant

for the Treatment of IPF from the Perspective

of the Latest Guidelines

In the evidence-based guidelines for diagnosis and management of IPF [13] pre-

pared by the ATS/ERS/JRS (the Japanese Respiratory Society)/ALAT (the Latin

American Thoracic Association) in 2011, the treatment recommendations were

determined based on the previous evidence-based studies. These guidelines

recommended that patients with IPF should not be treated with corticosteroid

monotherapy, cyclosporine A therapy, and the combination of corticosteroid with

immunosuppressant (azathioprine or cyclophosphamide) (strong recommendation,

very low-quality evidence). A three-drug combination therapy of corticosteroid,

azathioprine, and oral N-acetylcysteine (NAC) was not recommended in the major-

ity of IPF patients, but this therapy may be a reasonable choice in a minority (weak

recommendation, low-quality evidence) (Table 10.1). However, according to an

interim report of the clinical trial with three arms of steroid/azathioprine/oral NAC,

NAC monotherapy, and placebo (PANTHER-IPF) [14], because elevations in the

mortality rate, and hospitalization, and acute exacerbation had been reported, the

previous recommendation was revised, and the recommendation against the use of

the three-drug combination therapy with corticosteroid, azathioprine, and oral NAC

for the treatment of IPF is strong in 2015 guidelines [15].

Taken together, there was no evidence showing the usefulness of the combina-

tion of corticosteroid and immunosuppressant for the treatment of IPF. Considering
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the possibility that this therapy may induce acute exacerbation associated with dose

reduction and side effects such as a complicated infection which occurs with

long-term usage, the treatment with corticosteroid and immunosuppressant is not

recommended in definite IPF patients.

10.3 Therapy for IPF in Our Clinical Practice

A study that aimed at elucidating the actual medical practice concerning IPF in

Japan entitled “A prospective investigation research for diffuse pulmonary disease,

Project on Measures for Intractable Diseases, Health and Labour Science Research

Grant” was registered on the Internet, and a prospective epidemiological study was

conducted [12]. Information obtained from a multicenter study including the

therapeutic regimen, clinical findings, and the clinical course of patients with IIPs

including IPF was actively entered in a database on the Internet. As a result, 321 IPF

patients from 19 medical facilities were registered. Regarding the therapeutic

regimen for IPF patients and a change in the regimen (see Fig. 10.1), the majority

of IPF patients were untreated (78.7 %) by the end of fiscal year 2008 when

pirfenidone was approved, but the untreated rate among IPF patients decreased

by 44.6 % between 2009 and the end of fiscal year 2013. Pirfenidone has been used

as a therapy for IPF patients (32.9 % between 2009 and the end of fiscal year 2013)

including pirfenidone monotherapy (17.4 %), and therefore this medication plays a

key role in the treatment of IPF in Japan. On the other hand, the use of corticosteroid

monotherapy for IPF patients showed a slight increase from 6.2 to 7.5 %; likewise,

the use of the combination of corticosteroid and immunosuppressant slightly

increased from 11.2 to 13.1 %. These results show that the combination of a

corticosteroid and immunosuppressant is used conditionally as symptomatic ther-

apy for IPF in our medical practice with awareness of the side effects of each

medication.

Table 10.1 Evidence-based treatment

Treatment Recommended

Strength of

recommendation

Quality of

evidence

Pharmacologic therapies

Corticosteroid monotherapy No Strong
L

○○○

Colchicine No Strong
L

○○○

Cyclosporine A No Strong
L

○○○

Corticosteroid + immunomodulatory No Strong
L

○○○

Corticosteroid + azathioprine

+ acetylcysteine

Majority – no Weak
LL

○○

Minority – may be a

reasonable choice

2015 Guidelines No Strong

2011 Guidelines for the diagnosis and management of IPF. An ATS Pocket Publication (modified)
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Steroid alone
6.2%

Pirfenidone alone
17.4%

FY2006

FY2008
(n=178)

Steroid + 
immunosuppressive 

drugs
11.2%

Other
3.9%

Steroid + pirfenidone
4.2%

NAC+
pirfenidone

2.3%

FY2009

FY2013
(n=213)

~
~

Steroid +
immunosuppressive drugs + 

pirfenidone
7.5%

None
78.7%

None
44.6%

Steriod +
immunosuppr
essive drugs

13.1%

Steriod
alone
7.5%

Other
3.4%

Fig. 10.1 The treatments and their changes in IPF
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10.4 Pharmacological Effects and Side Effects from the Use

of Corticosteroid and Immunosuppressant

10.4.1 Corticosteroids

The anti-inflammatory effects of corticosteroids are well known for their genomic

mechanism producing biological actions. After the corticosteroids form complexes

with glucocorticoid receptors (GCRs) inside the cytoplasm, the complexes translo-

cate to the nucleus and bind to glucocorticoid-response elements on DNA. Once

GCRs that had translocated into the nucleus bind to negative glucocorticoid-

response element, the mRNA transcription of various cytokines involved in inflam-

mation is inhibited. On the other hand, when GCRs translocate into the nucleus and

bind to positive glucocorticoid-response element on DNA, the mRNA transcription

of anti-inflammatory proteins is upregulated. The binding of transcription factors

including nuclear factor-κB and AP-1 to DNA is inhibited, resulting in interference

of cytokine production [16]. The amount of corticosteroid that would saturate

corticosteroid receptors in an adult human is approximately 60 mg of prednisolone,

although there are individual differences. In contrast, high-dose corticosteroid

therapy is thought to act through a non-corticosteroid receptor-mediated mecha-

nism, so-called non-genomic mechanism [17], which is entirely different from the

genomic mechanism and has an onset of effect between a few seconds and a few

minutes. Although the details are unknown at this time, there are two kinds of

non-genomic mechanisms: nonspecific effects that directly act on cell membrane

fluidity and specific effects that act on a specific receptor. Corticosteroid pulse

therapy can be expected to have stronger genomic and non-genomic effects and

have an impact on inflammatory cells, alveolar epithelial cells, T lymphocytes,

vascular endothelial cells, etc. [18, 19]. Meanwhile, because corticosteroids do not

inhibit the production of basic fibroblast growth factor and transforming growth

factor-β (TGF-β) in bleomycin-induced murine pulmonary fibrosis [20], they have

no antifibrotic actions. The following side effects of corticosteroids are important:

diseases induced by infectious diseases (particularly tuberculosis, fungus, cytomeg-

alovirus, Pneumocystis pneumonia, etc.), peptic ulcer, diabetes, mental deteriora-

tion, hypertension, secondary adrenocortical insufficiency, osteoporosis, aseptic

necrosis of the femur and others, myopathy, glaucoma, cataract, thrombosis, endo-

crine abnormality, and so on. Because the above major side effects influence

disease prognosis, whether the therapeutic effect is beneficial to the patient or not

needs to be carefully pondered when such a side effect occurs. In addition, a

decision must be made as to whether patients will continue the therapy with

corticosteroid, reduce the dose, or discontinue this therapy. When a corticosteroid

is administered for a long period of time, the combined treatment of sulfamethox-

azole and trimethoprim is necessary to prevent Pneumocystis pneumonia. Because

postmenopausal women and elderly people are vulnerable to the development of

osteoporosis and compressed fracture, a medication such as bisphosphonate is also

required. In contrast, minor side effects of corticosteroid administration include
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hirsutism, acne, moon-shaped face, extravasation of blood into the skin, purpura,

and so on, but these side effects are sometimes not severe, and the physician may

not recommend reducing the dose or discontinuing the drug.

10.4.2 Immunosuppressants

Generally, an immunosuppressant is used for the treatment of various interstitial

pneumonias other than IPF in the following cases: patients who have no response to

corticosteroids, those who experienced severe side effects of corticosteroid, and

those who are at high risk of developing side effects with corticosteroid. In the

United States and Europe, cyclophosphamide and azathioprine are often used for

treatment, but cyclosporine A is also used in Japan.

10.4.2.1 Cyclophosphamide

Cyclophosphamide is classified as an alkylating compound that is activated by

hepatic microsomal enzymes and exhibits pharmacological action. The inhibitory

effects of cyclophosphamide on DNA synthesis act on the cell cycle in a

nonspecific manner. Cyclophosphamide shows a stronger inhibitory action against

B lymphocytes than T lymphocytes. The general dosage required for cyclophos-

phamide is 1.0–2.0 mg/kg/day (ideal body weight, highest dose: 150 mg/day). The

medication is initiated at 50 mg/day and increased by 25 mg every 7–14 days as

needed. Because the onset of the therapeutic effect is usually more than 3 months

after starting this medication, the medication needs to be continued for at least

6 months or longer as long as there are no severe side effects. Some side effects of

cyclophosphamide are bone marrow suppression, hemorrhagic cystitis, second

primary cancer, hair loss, a feeling of sickness, stomatitis, diarrhea, and hepatic

impairment associated with cholestasis. Pulmonary fibrosis has also been reported

although it is rare. The medication is suspended or the dose is reduced by half when

the white blood cell count falls below 4,000/mm3 or platelet count falls below

100,000/mm3. Patients drink adequate fluids to prevent hemorrhagic cystitis, estab-

lish urine flow, and take a urine test monthly. When hemorrhagic cystitis occurs, the

medication is discontinued.

10.4.2.2 Azathioprine

Azathioprine, which is classified as an antimetabolic drug, is transformed into

6-mercaptopurine in the liver and is later physiologically activated. Azathioprine

is a medication that acts specifically on the cell cycle and inhibits purine synthesis

by acting on the DNA synthetic phase. Its immunosuppressive effect is mainly

caused by suppression of the proliferation of T lymphocytes. The general dosage
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required for azathioprine is 2.0–3.0 mg/kg/day (ideal body weight, highest dose:

150 mg/day). The medication is initiated at 50 mg/day and the dose is increased by

25 mg every 7–14 days as needed. Side effects are bone marrow suppression, a

feeling of sickness, vomiting, gastrointestinal symptoms such as diarrhea, and

hepatic impairment. The medication is suspended or its dose is reduced by half

when the white blood cell count falls below 4,000/mm3 and the platelet count falls

below 100,000/mm3. Patients undergo a hepatic function test monthly, and the

medication is later suspended, or its dose is reduced when the measured value of

AST and ALT reaches more than three times the upper limit of a normal hepatic

function.

10.4.2.3 Cyclosporine A

Cyclosporine A binds with cyclophilin in the cytoplasm and exerts an effect by

suppressing the proliferation and activation of T lymphocytes [21, 22]. Additionally,

cyclosporine A improves corticosteroid resistance through inhibition of

p-glycoprotein involved in drug resistance. There is a report that cyclosporine

inhibits late-onset hypersensitive reaction, transplant rejection, and T-lymphocyte-

dependent antigen-antibody reaction. On the other hand, another study reported that

cyclosporine induces TGF-β [23]. However, further analysis is needed because

there is a new study indicating that cyclosporine inhibits TGF-β secretion and has

antifibrotic actions against muscle fibroblasts [24, 25]. Because the difference

between the critical region and blood level that can exert an immunosuppressive

effect is small in cyclosporine, the dose is determined by monitoring its blood level

in whole blood. The medication is initiated at 3.0 mg/kg/day twice daily, and the

level 12 h after administration is approximately 100–150 ng/mL. There are two

issues that should receive special attention: one is that oral absorption varies

considerably among individuals, and the other is that it interacts with many drugs

(calcium antagonist, macrolide antimicrobial drug, and antifungal drug increase

blood levels). Side effects are kidney failure (dosage dependent), hypertension,

gingival hypertrophy, neurological symptoms (headache, tremulousness, and

dysesthesia), hirsutism, and so on. Periodic observation of renal function is needed

during treatment with cyclosporine. In addition, although the onset is relatively less

frequent, special attention needs to be paid to infection by viruses (cytomegalovi-

rus, herpes simplex virus, chicken pox, herpes zoster virus, and Epstein-Barr virus),

protozoa, fungus, and so on.

10.5 The Remaining Challenges

As described earlier, there is no evidence that shows the usefulness of corticosteroid

or immunosuppressant as a therapy for definite IPF [13, 26, 27]. However, it’s
sometimes difficult to make the diagnosis of IPF among many differential
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diagnoses including chronic hypersensitivity pneumonitis, connective tissue

disease-associated interstitial lung disease, and so on in medical practice. Con-

cretely speaking, therapy with a corticosteroid and immunosuppressant can be

considered in the following cases (Table 10.2) [9]: a case in which image findings

and subjective symptoms worsen compared with a few months prior, a case in

which a honeycomb lung is not visibly found by high-resolution computed tomog-

raphy, a case in which the number of lymphocytes in bronchoalveolar lavage fluid is

increasing, and a case in which a diagnosis on the basis of pathological findings in

other IIPs such as NSIP and cryptogenic organizing pneumonia is confusable.

There are also many unsolved issues in the usage and rate of reduction of the

dose of corticosteroid and immunosuppressant.

Because the dosage regimen for corticosteroid therapy conducted in the PAN-

THER trial [14], which differs from what we have experientially determined in

Japan, is a regimen that reduces the dosage rapidly, it is too soon to decide a total

ban on medication based on only the result from this clinical trial. In Japan, as a

prospective multicenter therapeutic study of a clinical trial of revolutionary therapy,

a comparative trial between the groups of combination therapy with cyclosporine

and corticosteroid (10–20 mg) and that with cyclophosphamide and corticosteroid

(10–20 mg) for IPF has been conducted since 2005 [28]. According to this study,

the amount of decrease in forced vital capacity for 48 weeks was 78 mL (cyclo-

sporine and corticosteroid) and 87 mL (cyclophosphamide and corticosteroid) in

each of the combination therapy groups, which showed no significant difference;

therefore, the combination therapy with cyclosporine is non-inferior. In addition, in

the recent clinical trial for a new inhibitor of fibrosis, nintedanib [29], a small

amount of corticosteroid is concurrently administered to approximately 20 % of

patients in each group.

In conclusion, at present, the usefulness of the combination therapy with a small

amount of corticosteroid and immunosuppressant or antifibrotic drugs is still

unknown. Therefore, it cannot be completely denied that this combination therapy

becomes one of the options as conditional recommendation.

Table 10.2 Cases of IPF in which the use of corticosteroid and immunosuppressant can be

considered

1. Image findings and subjective symptoms worsen compared with a few months ago

2. Honeycomb lung is not visibly found by high-resolution computed tomography

3. The number of lymphocytes in bronchoalveolar lavage fluid is increasing

4. A diagnosis on the basis of pathological findings in other IIPs such as NSIP and cryptogenic

organizing pneumonia is confusable
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Chapter 11

Non-pharmacological Therapy for IPF

Is Respiratory Care Actually Effective?

Yukihiro Umeda, Tamotsu Ishizuka, and Takeshi Ishizaki

Abstract Idiopathic pulmonary fibrosis (IPF) is a chronic, progressive interstitial

lung disease characterized by a poor prognosis and the lack of proven effective

treatments. The symptoms and complications of IPF such as dyspnea, exercise

intolerance, and depression severely impair patients’ quality of life (QOL) and

decrease social participation. Although evidence for the benefit of pulmonary

rehabilitation (PR) in IPF is limited, it has recently been reported that PR can

improve dyspnea and exercise tolerance. Furthermore, exercise training and edu-

cational programs may also be effective means of addressing low mood and

depression in selected patients with IPF. Long-term oxygen therapy (LTOT) is

also considered to improve QOL in patients with IPF. Although LTOT may have no

survival benefit, patients with resting hypoxemia, pulmonary hypertension,

exercise-induced hypoxemia, or nocturnal hypoxemia should be treated with

LTOT to improve QOL. Noninvasive ventilation and nasal high-flow oxygen

therapy have been recently used to manage acute respiratory failure complicating

IPF. Early use of these techniques might afford the opportunity to avoid tracheal

intubation and reduce the high incidence of mortality associated with acute deteri-

oration of respiratory function in IPF. In conclusion, the evidence base informing

management strategies for IPF has been growing gradually. It appears that PR may

have an important role to play in improving the QOL of patients with IPF, although

further research is still needed.
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11.1 Introduction

Patients with IPF suffer from relentlessly progressive shortness of breath and cough

and have a median survival of less than 3 years after diagnosis. Recent studies have

shown that some pharmacological strategies may bring about a short-term inter-

ruption in the decline in forced vital capacity, but no specific pharmacological

therapy has proved consistently to reverse the changes seen in IPF, and improve-

ments are rarely observed. Given the lack of pharmaceutical therapeutic options in

IPF, it is important to find other means of improving quality of life (QOL), by

reducing the symptoms of dyspnea, improving exercise tolerance, and addressing

low mood. Dyspnea, cough, and depression severely impair QOL in IPF and also

decrease social participation. Respiratory care aims to improve exercise tolerance,

mood, and QOL.

The non-pharmacological treatment of IPF includes pulmonary rehabilitation

(PR), long-term oxygen therapy (LTOT), noninvasive ventilation (NIV), end-of-

life care, and lung transplantation. In this chapter, we will discuss the pathophys-

iology of IPF and the evidence that PR, LTOT, and NIV improve QOL in patients

affected by the disease.

11.2 Exercise Pathophysiology in Idiopathic Pulmonary

Fibrosis

In chronic obstructive lung disease (COPD), exercise limitation results from ven-

tilatory constraints, gas exchange abnormalities, peripheral muscle dysfunction,

and cardiac dysfunction. Exercise limitation in patients with IPF is a consequence

of reduced lung volume, gas exchange abnormalities due to impaired diffusion and

ventilation–perfusion (V/Q) inequality, ventilatory muscle weakness, general mus-

culoskeletal deconditioning, and cardiovascular impairment.

In patients with IPF, lung recoil is increased over the entire range of a reduced

inspiratory capacity. A diminished tidal volume contributes to elevated physiologic

dead space (dead space volume/tidal volume). In normal subjects, physiologic dead

space declines during exercise as a result of increased tidal volumes as effort

increases. In IPF, however, physiologic dead space does not decline, and breathing

frequency must increase to achieve the minute ventilation required to meet

increased oxygen demand. As a result, when patients with IPF exercise, the

breathing pattern becomes more rapid and shallow.

Hypoxemia typically worsens during exercise in IPF. Factors that may contrib-

ute to exercise-induced hypoxemia in IPF include poor recruitment of alveolar

capillaries during exercise resulting in an increased red blood cell transit time

across the gas exchange surface of the lung and reduced mixed venous partial

pressure of oxygen (PVO2) in the setting of low V/Q ratios and shunt [1]. As

pulmonary blood flow increases with exercise, the normal contact time between
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alveolar gas and capillary erythrocytes, about 0.75 s at rest, is reduced to approx-

imately 0.25 s. The arterial partial pressure of oxygen (PaO2) may not reach the

partial pressure of oxygen in alveolar gas before red blood cells leave the pulmo-

nary capillary if oxygen diffusion is impaired (Fig. 11.1) [2]. Consequently, the

alveolar–arterial oxygen gradient (A–aDO2) is increased in patients with IPF during

exercise. In the majority of those with IPF, although the PVO2 may be normal at

rest, it will likely fall during exercise because of reduced oxygen delivery to the

muscles: this reduced PVO2 results in further elevation of A–aDO2 and causes

hypoxemia during exercise.

11.3 Symptoms and Complications of IPF

11.3.1 Dyspnea

Dyspnea is common in IPF and is a major contributor to impaired QOL and

symptoms of depression [3–5]. The extent of dyspnea is closely related to pulmo-

nary function, peripheral muscle weakness, and activities of daily living (ADL)

score [6]. Exercise-induced hypoxemia contributes to dyspnea more in IPF than

COPD: oxygen desaturation during the 6-min walk test (6MWT nadir SpO2)

independently predicts dyspnea during the test and is reportedly more severe in

patients with IPF than COPD [7]. As a result, patients are deterred from engaging in

physical activity, need to take frequent rests, and take longer to recover after

exertion. Managing dyspnea is therefore an important means of improving QOL

in patients with IPF.

Fig. 11.1 Oxygen time

courses in pulmonary

capillary when diffusion is

normal and abnormal (e.g.,

because of thickening of the

blood–gas barrier by

disease) (Reprinted with

permission of Wolters

Kluwer Health/Lippincott

Williams & Wilkins, West

[2])
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11.3.2 Exercise Intolerance

Reduced lung volumes and gas exchange abnormalities contribute to exercise

intolerance as a result of dyspnea and leg fatigue in patients with IPF. Furthermore,

decreased capillary blood volume and hypoxic pulmonary vasoconstriction may

also contribute to exercise intolerance as a result of pulmonary hypertension and

right heart failure.

In COPD, it has been shown that peripheral muscle dysfunction is also a factor

determining exercise intolerance. Similarly, quadriceps force is reduced in patients

with IPF and correlates with dyspnea at end-exercise and exercise capacity

[8]. Although recent evidence-based guidelines for IPF did not recommend corti-

costeroid therapy, treatment with corticosteroid and/or immunosuppressants is

nonetheless often used to manage refractory cough and rapidly progressive cases.

Because steroid-induced myopathy has been reported to impair peripheral muscle

function in these patients, corticosteroid therapy may in fact cause a further

deterioration in exercise tolerance [9]. Many PR programs include peripheral

muscle training, especially in the legs, with the aim of improving exercise

tolerance.

11.3.3 Mood Disturbance and Depression

Idiopathic pulmonary fibrosis is a lifelong disorder that causes substantial morbid-

ity and mortality. Dyspnea limits mobility and impairs the ability to engage in

physical activity, and more than 40 % of patients with an above average dyspnea

score have clinically meaningful symptoms of depression [10]. The prevalence of

symptoms of depression in patients with interstitial lung disease (ILD) is higher

than that in normal older subjects (23–27 % versus 9.8 %) [3, 10, 11]. Patients with

IPF should be screened routinely for depression, and treatment of depression and

management of dyspnea may need to be progressed in parallel to improve QOL.

11.4 Pulmonary Rehabilitation

The American Thoracic Society–European Respiratory Society consensus state-

ment defines PR as a “comprehensive intervention based on a thorough patient

assessment followed by patient-tailored therapies, which include, but are not

limited to, exercise training, education, and behavior change, designed to improve

the physical and psychological condition of people with chronic respiratory disease

and to promote the long-term adherence of health-enhancing behaviors” [12]. Pul-

monary rehabilitation is an established therapeutic intervention in COPD, improv-

ing exercise tolerance and QOL and reducing hospital admission. Although the

174 Y. Umeda et al.



mechanisms of respiratory limitation in IPF differ from COPD, similarities between

the clinical consequences (dyspnea, exercise intolerance, fatigue, and depression)

suggest that PR may also benefit patients with IPF.

Although evidence for the benefit of PR in IPF is limited compared with COPD,

it has recently been reported that PR may result in meaningful short-term benefits in

patients with ILD [12]. The recently revised American Thoracic Society–European

Respiratory Society–Japanese Respiratory Society–Latin American Thoracic Asso-

ciation evidence-based guidelines for IPF recommend PR for the majority of

patients (weak recommendation, low-quality evidence) [13]. Nevertheless, PR is

becoming an increasingly important part of the non-pharmacological therapy

of IPF.

11.4.1 Benefits of Pulmonary Rehabilitation on Exercise
Capacity

Pulmonary rehabilitation programs generally comprise a 5–12-week outpatient

program followed by home-based rehabilitation. The main component is exercise

training that aims to improve strength and endurance. Endurance training can be

achieved simply by walking, or a treadmill or stationary cycle ergometer can be

used. Strength training regimens vary substantially between institutions, in terms of

the exercise techniques, duration, and intensity.

There have been several reports that exercise tolerance evaluated by the 6-min

walk test (6MWT) or endurance time was improved after 6–12-week PR programs

[9, 14–20] (Table 11.1). A recent meta-analysis showed that the common effect for

change in 6MWT distance was 35.63 m in favor of the PR group in patients with

IPF [21], more than 28 m above the expected minimal important difference

(MID) [22].

In IPF, exercise-induced hypoxemia is a major cause of exercise intolerance and

limits improvements in strength and endurance during PR. Oxygen supplementa-

tion can lead to significant improvements in exercise capacity by increasing cardiac

output and arterial oxygen content in chronic hypoxemic lung disease

[23]. Hallstrand and colleagues reported that the timed walk test distance increased

from 271.2 m to 345.6 m when oxygen was administered during the test in patients

with IPF and resting peripheral oxygen saturation >88 % [24]. Although a recent

guideline suggested that the quality of the evidence for the benefit of LTOT in IPF

was very low, the benefit of oxygen supplementation during PR appears to be

indisputable.

Exercise-induced hypoxemia may also contribute to metabolic acidosis in

peripheral muscles. Pulmonary rehabilitation improves sustained submaximal exer-

cise capacity and anaerobic threshold in patients with IPF, and it has been reported

that PR reduces exercise-induced lactic acidosis and increases oxidative enzyme

activity in peripheral muscles [15].
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Quadriceps force, a predictor of exercise capacity, is also reduced in patients

with IPF [8]. The training of peripheral muscles, especially in the lower extremities,

as part of PR is reported to improve exercise tolerance significantly (by a mean of

10 %) [15], although substantially greater improvements are seen in COPD (23 %)

[9]. Exercise training as part of PR is also reported to reduce heart rate at maximum

iso workload, suggesting that a cardiovascular adaptation to training can be

achieved [25], but it is not clear whether exercise training improves peak oxygen

consumption in IPF [14, 25]. As exercise tolerance is limited by dyspnea and

exercise-induced hypoxemia in many cases of IPF, exercise strength might not

reach the peak oxygen consumption in moderate or severe cases.

Pulmonary rehabilitation in IPF appears to have beneficial effects on exercise

tolerance immediately after the program, yielding improvements in muscle

strength, the extent of exercise-induced lactic acidosis in peripheral muscle, and

cardiovascular adaptation.

11.4.2 Benefits of Pulmonary Rehabilitation on Dyspnea

Dyspnea is common in IPF and one of the most disabling symptoms of the disease.

Most of the research that has examined the influence of PR on dyspnea in IPF has

been questionnaire based, using the Medical Research Council (MRC) dyspnea

grade, Chronic Respiratory Disease Questionnaire (CRDQ), or Mahler’s transition
dyspnea index.

Several studies have reported that dyspnea improved after 6–12 weeks of PR

[9, 14, 17, 26], although one randomized trial found that PR did not improve

dyspnea [20]. Holland and colleagues reported that dyspnea, assessed by the

CRDQ, improved immediately after an 8-week PR program [17], and the extent

of the improvement (2.7 points) exceeded that of the expected MID (2.5 points)

[27]. A recent meta-analysis found that the common effect (standard mean differ-

ence) for change in dyspnea was �0.68 in favor of the PR group in IPF (95 %

confidence interval [CI] �1.12 to �0.25) [21]. Based on these findings, it appears

that PR may indeed have the potential to alleviate dyspnea in patients with IPF.

11.4.3 Benefits of Pulmonary Rehabilitation on Quality
of Life

One randomized controlled trial has examined the influence of PR on QOL in

patients with IPF: QOL measured using the St. George’s Respiratory Questionnaire
was improved in those who underwent PR [20]. A recent meta-analysis has also

provided moderately strong evidence that PR improves QOL in patients with IPF

(standard mean difference 0.59, 95 % CI 0.14–1.03) [21].
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11.4.4 Benefits of Pulmonary Rehabilitation on Anxiety
and Depression

In patients with COPD, the improvements in respiratory symptoms achieved after

PR are generally accompanied by reduced symptoms of anxiety and depression and

improved patient perceptions of the positive consequences of illness. In contrast,

little is known about the benefit of PR on depression in patients with IPF. Swigris

and colleagues proposed that PR benefits patients with IPF by interrupting several

pathways that lead to undesirable sequelae or comorbidities (Fig. 11.2). Various

emotional health issues including fear, anxiety, and impaired QOL are likely

consequences of having to live with an incurable disease. Thus, any improvements

in walking distance and dyspnea after PR may also benefit patients with IPF by

reducing tachypnea, anxiety, and fear [28]. Patient education, including breathing

techniques, coping strategies, and pacing and managing the activities of daily

living, is also an important component of PR [29]. These strategies may achieve

perception of self-efficacy, social persuasion, and positive mood. Two studies have

reported that depression score or mental health score improved after a PR program

that included educational sessions in patients with ILD [30, 31]. In contrast, Kozu

and colleagues reported that PR only improved mental health – assessed by SF-36 –

in patients with IPF and MRC grade 2 symptoms of dyspnea [18]. It appears that the

exercise and educational components of PR programs effectively alleviate

low-mood disturbance and depression in selected patients with IPF.

11.4.5 Predicting Positive Response to Pulmonary
Rehabilitation

There are no guidelines recommending when PR should be offered. Although

several studies have examined the relationship between baseline disease severity

in IPF and improvement in exercise capacity after PR, findings have been incon-

sistent. Patients with less severe disease might be expected to achieve greater

benefits from PR, because severe dyspnea, cough, and exercise-induced hypoxemia

may prevent patients from engaging sufficiently in physical training. Moreover, a

higher proportion of subjects with severe dyspnea would likely be taking cortico-

steroid therapy [18], and it is possible that the effects of the training regimen were

diminished by corticosteroid-induced muscle dysfunction. Kozu and colleagues

reported that patients with MRC grade 2 or 3 dyspnea at enrollment showed

significant improvements in 6MWT distance and health status (measured by

SF-36) after PR, but those with MRC dyspnea grade 4 or 5 showed little or no

improvement [18]. Furthermore, Holland and colleagues have reported that greater

improvements in 6MWT distance after PR were associated with larger baseline

forced vital capacity, less exercise-induced desaturation, and lower right ventricular

systolic pressure in patients with IPF [17].
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Three studies have reported that the greatest improvements in 6MWT distance

after PR were achieved in those who could cover the shortest distance at baseline

[26, 30, 31], suggesting that the patients with the most severe respiratory impair-

ment could be expected to benefit more from PR. These studies, however, had some

limitations. First, the subjects were diagnosed with a variety of ILDs, although the

findings of one study were not influenced by ILD subtype (IPF or non-IPF)

[30]. Second, two were retrospective cohort studies [26, 31], and enrollment shortly

after acute exacerbation might have influenced the extent of the improvements

detected in patients with more severe respiratory impairment. Intention-to-treat

analysis was used in the one prospective study, so the findings may be insufficiently

generalizable to patients with more severe respiratory impairment [30].

Taken together, the findings of these studies suggest that early referral to a PR

program is necessary to maximize the benefits for patients with IPF, and an

intensive supervised PR program is likely more appropriate for patients with

severely impaired physical function.

11.4.6 Long-Term Benefits of Pulmonary Rehabilitation

Functional improvements after PR are maintained for over 6 months in patients

with COPD [9]. In contrast, little is known about the long-term benefits of PR in
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Fig. 11.2 Pathways to sequelae or comorbidities in idiopathic pulmonary fibrosis (Reprinted with

permission of Elsevier, Swigris et al. [28])
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patients with IPF: as respiratory failure is relentlessly progressive in IPF, it may not

be possible for these patients to achieve long-term benefits [9, 25]. Kozu and

colleagues reported that although significant improvements in dyspnea, muscle

force, exercise capacity, and ADL score were observed in patients with IPF

immediately after PR, only the benefits on ADL were evident 6 months later

[9]. However, there has been a more recent report that long-term improvements

in 6MWT distance, physical activity, QOL, and depression could still be observed

6 months after PR in patients with IPF or non-IPF ILD, although 28 % of the

patients were lost to follow-up [30]. A controlled study is required to fully examine

this issue.

To maintain long-term improvements in IPF, healthcare providers should tailor

PR to each patient. For example, the duration of the PR program likely plays an

important role, although there is no consensus on how long a PR program should be

[12]. Salhi and colleagues reported that 29 patients with restrictive lung diseases,

including 11 with ILD, who completed a 24-week PR program had significant

improvements in 6MWT distance and dyspnea 12 and 24 weeks later (6MWT

distance was 321� 155 m at inclusion, 400� 184 m at 12 weeks, and 428� 211 m

at 24 weeks) [32]. As longer programs might produce greater gains and longer

maintenance of benefits, the optimal duration of PR for an individual could be

considered the longest possible [12]. In addition, better adherence and social

support, and control of underlying disease and comorbidities, may also be impor-

tant factors in the maintenance of benefits.

11.5 Long-Term Oxygen Therapy

There is little evidence that LTOT has a survival benefit in patients with IPF. One

retrospective cohort study of IPF patients showed that LTOT had no survival

benefit after adjusting for age, sex, diffusing capacity of the lung for carbon

monoxide, alveolar volume, and evidence of disease progression [33]. However,

because a survival benefit has been demonstrated in patients with COPD [34, 35],

recent guidelines for IPF recommend that “patients with IPF and clinically signif-

icant resting hypoxemia should be treated with LTOT (strong recommendation,

very low quality of evidence)” based on the indirect evidence from patients with

COPD [13].

Exercise-induced hypoxemia is a major factor limiting exercise tolerance in IPF,

and oxygen supplementation can lead to significant improvements in exercise

capacity even in patients without hypoxemia at rest [24]. In addition, nocturnal

hypoxemia is reportedly common in patients with IPF and impairs daytime QOL

[36]. In the latter study, participants’ mean daytime capillary oxygen concentration

was 69.8 mmHg, and none were receiving overnight oxygen therapy at inclusion.

Overnight oxygen therapy may be the best way of addressing nocturnal hypoxemia

in patients without daytime hypoxemia.
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The prevalence of pulmonary hypertension (PH) ranges from 32 to 84 % in

patients with IPF. It arises as a consequence of vascular obstruction, destruction

from parenchymal fibrosis, pulmonary hypoxic vasoconstriction, and vascular

remodeling due to overexpression of cytokines and growth factors [37]. As it is

thought that hypoxic vasoconstriction is one of the most important contributors to

PH in IPF, correction of hypoxemia is the only recommended strategy [38];

however, there is no evidence that LTOT has a survival benefit in patients with

IPF and PH. It should be noted that even if the pulmonary hemodynamic status of a

patient with IPF is normal at rest, significant PH may arise during exercise

[39, 40]. It has been reported that oxygen supplementation does not influence

exercise-induced PH in IPF, suggesting that hypoxic vasoconstriction may not be

the main cause of any acute increase in pulmonary arterial pressure during exercise

after all [40]. Poor recruitment of alveolar capillaries during exercise may also

contribute to severe hypoxemia as well as PH.

In summary, patients with IPF and resting hypoxemia or PH should be treated

with LTOT to improve symptoms and QOL, even though it may not have a survival

benefit. Furthermore, physicians should assess the extent of exercise-induced hyp-

oxemia and nocturnal hypoxemia, to assess the need for intermittent or overnight

oxygen therapy.

11.6 Noninvasive Ventilation and Nasal High-Flow Oxygen

Therapy

Patients with IPF admitted to the intensive care unit for invasive mechanical

ventilation as a result of acute respiratory failure have a very poor prognosis; the

mortality rate is reportedly approximately more than 80 % under these circum-

stances [41]. The guidelines for IPF recommend that “the majority of patients with

respiratory failure due to IPF should not receive mechanical ventilation, but

mechanical ventilation may be a reasonable intervention in a minority (weak

recommendation, low-quality evidence)” [13].

Nonetheless, NIV (including noninvasive positive-pressure ventilation and con-

tinuous positive airway pressure [CPAP]) was recently recognized as a potentially

effective means of avoiding intubation and reducing mortality in selected patients

with acute respiratory failure and IPF. Vianello and colleagues, however, reported

that the mortality rate of patients with IPF treated with NIV for acute respiratory

failure was 85 %, consistent with that of patients who were invasively ventilated

[41, 42]. Yokoyama and colleagues reported that in a cohort of 11 patients treated

with NIV for an acute exacerbation of IPF, 90-day mortality was superior to

patients in a different report of invasive mechanical ventilation (54.5 % compared

with 81.8 %) and that six of 11 patients who failed NIV died of progressive

respiratory failure within 3 months [43, 44]. Although these two retrospective

studies examined small cohorts, early NIV may nonetheless be a more favorable
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option than invasive ventilation for acute respiratory failure in IPF, as NIV may

reduce the risk of ventilator-associated pneumonia, particularly as these patients are

also generally treated with corticosteroids or other immunosuppressants.

Nasal high-flow oxygen therapy (NHF) is a relatively new technique developed

to treat type 1 acute respiratory failure. Adults reportedly find NHF more comfort-

able than NIV, even though NHF may not improve oxygenation to such an extent

[45]. NHF can provide humidified gas flow at a rate of up to 70 L/min and control

the fraction of inspired oxygen up to 1.0. Nevertheless, as NHF washes out the

upper respiratory tract dead space, the technique could be particularly suitable for

IPF due to the large physiologic dead space (dead space volume/tidal volume). A

recent study reported that NHF led to an increase in airway pressure amplitude and

reductions in breathing rate, minute volume, and the arterial partial pressure of CO2

in patients with IPF [46]. This emerging evidence base may mean that NHF

becomes an increasingly popular option for the management of early-phase acute

respiratory failure in IPF.

In patients with COPD, it is reported that NIV techniques such as CPAP,

pressure support ventilation, and proportional-assist ventilation improve exercise

performance [47–49]. However, it is not known whether NIV improves exercise

performance in IPF. In one small study, proportional-assist ventilation improved

exercise tolerance, breathlessness, and cardiac effort in ten patients with IPF

[50]. As physiologic dead space does not decline during exercise in patients with

IPF, the breathing pattern during exercise becomes more rapid and shallow. It is

thought that NIV improves exercise tolerance by increasing tidal volume and

reducing physiologic dead space: NIV might therefore be a means of augmenting

PR in selected patients.

11.7 Conclusions

Respiratory care for IPF is an effective means of improving symptoms,

comorbidities, and QOL, although there are no survival benefits. The attending

physician should understand the pathophysiology of IPF to allow balanced judg-

ments to be made about the indication for each therapeutic option. As the evidence

base for the benefits of non-pharmacological therapies for IPF is limited, large,

prospective, and preferably randomized studies are urgently needed.
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46. Bräunlich J, Beyer D, Mai D, Hammerschmidt S, Seyfarth HJ, Wirtz H. Effects of nasal high

flow on ventilation in volunteers, COPD and idiopathic pulmonary fibrosis patients. Respira-

tion. 2013;85:319–25.

47. O’Donnell DE, Sanii R, Younes M. Improvement in exercise endurance in patients with

chronic airflow limitation using continuous positive airway pressure. Am Rev Respir Dis.

1988;138:1510–14.

48. Keilty SEJ, Ponte J, Fleming TA, Moxham J. Effect of inspiratory pressure support on exercise

tolerance and breathlessness in patients with severe stable chronic obstructive pulmonary

disease. Thorax. 1994;49:990–4.

49. Van’t Hul A, Kwakkel G, Gosselink R. The acute effects of noninvasive ventilatory support

during exercise on exercise endurance and dyspnea in patients with chronic obstructive

pulmonary disease: a systematic review. J Cardiopulm Rehabil. 2002;22:290–7.

50. Moderno EV, Yamaguti WP, Schettino GP, Kairalla RA, Martins MA, Carvalho CR,

et al. Effects of proportional assisted ventilation on exercise performance in idiopathic

pulmonary fibrosis patients. Respir Med. 2010;104:134–41.

188 Y. Umeda et al.



Chapter 12

Pharmacotherapy of Acute Exacerbation

of IPF (Corticosteroids,

Immunosuppressants, and Direct

Hemoperfusion with Polymyxin)

Are High-Dose Steroid Therapy, Other

Immunosuppressant Therapy, and PMX Therapy

(Often Used in Japan) Really Effective?

Masayuki Itoh

Abstract Acute exacerbation of idiopathic pulmonary fibrosis (AE-IPF) carries a

rather poor prognosis. The condition has been treated using high-dose steroids,

immunosuppressants (cyclosporine A, tacrolimus, cyclophosphamide, azathio-

prine), anticoagulants (heparin, recombinant human soluble thrombomodulin),

neutrophil elastase inhibitors (sivelestat), etc. Recently, direct hemoperfusion

using a polymyxin B-immobilized fiber column (PMX-DHP) has been used

increasingly in combination with these medications. However, most reports on

the efficacy of these treatment methods are based on small-scale retrospective

studies, and there is no report of randomized controlled trials (RCTs) demonstrating

their efficacy. Thus, there is little scientific evidence of the efficacy of these

treatment methods, and no AE-IPF treatment method of high evidence level is

included in the guidelines available at present. It would be desirable to facilitate

clarification of the pathophysiology of AE-IPF and to carry out RCTs with the

cooperation of multiple facilities.
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12.1 Introduction

Acute exacerbation of IPF (idiopathic pulmonary fibrosis) (AE-IPF) is a condition

that carries a rather poor prognosis, with a 1-month mortality rate of 60 % and

3-month mortality rate of 67 % [1]. AE-IPF was first reported from Japan [2], with

numerous reports also published subsequently from this country. Because the

incidence of AE-IPF is higher in the Japanese population than in Western

populations, it is considered that the Japanese might be genetically predisposed to

the development of AE-IPF [3, 4]. Many of the past reports on the treatment of

AE-IPF are from Japan; however, the exact pathophysiology of AE-IPF remains

unclarified. Furthermore, most published reports on the treatment of this disease are

based on empirical treatments, with no evidence of the effectiveness of any

treatment based on randomized controlled trials (RCT). Meanwhile, since organ-

izing diffuse alveolar damage (DAD) is known as a pathological feature common to

both AE-IPF and acute respiratory distress syndrome (ARDS), drug therapy regi-

mens employed for the treatment of ARDS are sometimes applied to patients with

AE-IPF. However, postmortem examination of patients with AE-IPF often reveals

not only DAD but also pulmonary thromboembolism, alveolar bleeding, etc.

[5]. Thus, AE-IPF may be considered as a mixture of diverse pathologic conditions.

Furthermore, because modification of the clinical condition by opportunistic infec-

tion, diabetes mellitus, pneumothorax, etc., arising from high-dose steroid and

immunosuppressant treatment, can occur additionally, treatment of AE-IPF tends

to become complex enough to require the use of many drugs. This chapter will

summarize past reports on the treatment of AE-IPF and discuss its treatment,

focusing on current drug therapies.

12.2 Steroid Therapy

High-dose steroid therapy (steroid pulse therapy) was developed originally for the

control of host rejection to organ transplants and the treatment of collagen disease

[6]. Subsequently, it began to be used also for the treatment of AE-IPF. Global

guidelines (official ATS/ERS/JRS/ALAT statement: idiopathic pulmonary fibrosis)

justify high-dose steroid therapy for AE-IPF, although the evidence level is low

[7]. Japanese guidelines recommend 3-day treatment with 1 g methylprednisolone

daily.

According to the paper published by Kondoh et al., the first report on this therapy,

treatment of 3 AE-IPF patients with methylprednisolone 1 g for 3 days followed by

tapering of the steroid dose led to alleviation of the clinical symptoms and improve-

ment of the PaO2/FiO2 (P/F) ratio [2]. However, Song et al. reported that following

administration of high-dose steroid therapy to 13 of 90 patients with AR-IPF, only

7 survived, and there was no remarkable improvement of the survival rate [8]. In the

patient series reported by Al-Hameed et al., of the 25 patients with AE-IPF to whom
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high-dose steroid therapy was applied (in combination with cyclophosphamide in

8 patients), 24 died [9]. Usui et al. conducted a retrospective survey of 52 patients

with acute exacerbation of interstitial pneumonia (including cases of IPF) and

concluded that high-dose steroid therapy did not improve the survival rate [10].

On the other hand, according to the report by Takahashi et al., who analyzed 17 cases

of AE-IPF receiving high-dose steroid therapy, the mean survival time (MST) was

1.2 months in patients showing no improvement of the alveolar-arterial oxygen

difference (A-aDO2), while the MST was prolonged to 4.5 months in patients

showing transient improvement of the A-aDO2 and to 24.4 months in patients

showing sustained improvement of the A-aDO2 for 3 months, thus concluding that

improvement of the A-aDO2 may be a useful predictor of the responses to high-dose

steroid therapy [11]. Thus, all previous reports on the outcome of high-dose steroid

therapy for AE-IPF are based on retrospective surveys, and no RCT has been carried

out. Furthermore, high-dose steroid therapy is associated with a high risk for adverse

reactions and complications, and there is no consensus on whether it should be

applied definitely [12–14].

AE-IPF is characterized by organizing DAD as a pathologic feature resembling

that in ARDS. Therefore, an RCT of steroid therapy for ARDS may provide

information useful for the treatment of AE-IPF [15–17]. However, even though a

similarity of the pathologic changes is noted, ARDS without preexisting lung

lesions and ARDS attributable to extrapulmonary factors should be considered as

conditions differing from AE-IPF in terms of the mechanism of onset.

In the RCT reported by Bernard et al., treatment with methylprednisolone

(30 mg/kg) every 6 h during the acute period after the onset of ARDS resulted in

no difference in the death rate from that in the placebo group and no improvement

of the clinical indicators [18]. In the RCT reported by Annane et al., hydrocortisone

50 mg was administered every 6 h and 9-α-fludrocortisone 50 μg was administered

once daily, both for 7 days soon after the onset of ARDS [19]. The length of time

until weaning from respiratory support was longer in the steroid therapy group than

that in the placebo group; however, there was no difference in the death rate

between the two groups. In the RCT conducted by ARDSnet, treatment with

medium-dose methylprednisolone (dose level reduced gradually from 2 mg/kg/

day) from Day 7 to Day 28 after the onset of ARDS resulted in no difference in the

death rate from that in the placebo group. Weaning from respiratory support was

achieved earlier in the methylprednisolone treatment group, although auxiliary

ventilation was often needed after weaning. The death rates at 60 days and

180 days were higher in the group that had begun to receive methylprednisolone

on Day 14 after onset than that in the placebo group [20].

In contrast to these reports, Meduri et al. reported that treatment with methyl-

prednisolone soon after the onset of ARDS at a medium initial dose level (1 mg/kg/

day, gradually reduced over time) resulted in shortening of the duration of mecha-

nical ventilation and length of stay in the ICU as compared to the placebo group,

associated with a reduction of the death rate [21]. The same investigators reported

that treatment with methylprednisolone from Day 7 onward after the onset of

ARDS at gradually reducing dose levels from 2 mg/kg/day resulted in improvement
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of the lung injury score (LIS), P/F ratio, and multiple organ dysfunction score

(MODS) and reduction of the death rate as compared to the placebo group [22]. A

systematic review summarizing these reports concluded that treatment of ARDS

with methylprednisolone at low to medium dose levels (0.5–2.5 mg/kg) initiated

within 14 days after the onset can lower the death rate without increasing the

incidence of adverse reactions [15, 16].

At present, high-dose steroid therapy (methylprednisolone 1 g/day, 3 days) is

often used for the treatment of AE-IPF. However, if data from RCTs on ARDS are

taken into account, it would seem rational to administer methylprednisolone at low

to medium dose levels (0.5–2.5 mg/kg) in the acute stage or within 14 days after the

onset of ARDS as another alternative of treatment.

12.3 Immunosuppressants

Immunosuppressants such as cyclosporine A, tacrolimus, cyclophosphamide, and

azathioprine are often used in combination with steroids for the treatment of

AE-IPF. Cyclosporine A is a cyclic polypeptide antibiotic produced by fungi and

has been shown to exert immunosuppressive activity through inhibition of

interleukin-2 (IL-2) production by helper T cells and other mechanisms. According

to a retrospective study conducted by Inase et al., 4 of 7 patients with AE-IPF

survived following combined therapy with high-dose steroid (methylprednisolone

1 g/day, 3 days) + cyclosporine A (1.0–2.0 mg/kg, trough 100–150 ng/ml), while all

of the patients treated with high-dose steroid therapy alone without concomitant

cyclosporine A treatment died [23]. In a retrospective study conducted by Homma

et al., the MST was 1.7 months in the prednisolone-alone treatment group (n¼ 35),

shorter than the 9.9 months recorded in the combined prednisolone + cyclosporine

A (50–200 mg) treatment group (n¼ 9) [24]. In a retrospective study reported by

Sakamoto et al., comparison of the prognosis between 11 AE-IPF patients treated

with high-dose steroid therapy alone and 11 AE-IPF patients treated with high-dose

steroid + cyclosporine A (1–2 mg/kg) therapy revealed a longer MST in the com-

bined treatment group (502 days) than in the uncombined treatment group (60 days)

[25]. However, a retrospective study by Okamoto et al. revealed no difference in the

MST between the 8 AE-IPF patients treated with steroid + cyclosporine A therapy

and 9 AE-IPF patients treated with a steroid alone [26].

Cyclophosphamide is an immunosuppressant agent that is used for the control of

host rejection of organ transplant and treatment of collagen vascular diseases.

According to Japanese guidelines, repetition of treatment with cyclophosphamide

(500 mg/day) in combination with a steroid at intervals of 1–2 weeks is

recommended in the treatment of AE-IPF, although the evidence level is low. As

an example of cyclophosphamide therapy for AE-IPF, there is one report of a

patient with AE-IPF developing after influenza vaccination, whose life was success-

fully saved by treatment with a combination of a high-dose steroid (methyl-

prednisolone 1 g/day, 3 days), cyclophosphamide (500 mg/day), sivelestat, and
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polymyxin B-immobilized fiber column hemoperfusion [27]. However, according

to the report by Ambrosini et al., 4 of the 5 AE-IPF patients who received treatment

with high-dose steroids in combination with cyclophosphamide or azathioprine died

13 days after the start of treatment, on average [28]. Also according to the report by

Parambil et al., all of the 7 AE-IPF patients (including 2 patients receiving treatment

with steroids + cyclophosphamide) died [29].

Tacrolimus is a drug that suppresses the proliferation and differentiation of

cytotoxic T lymphocytes through inhibition of IL-2 formation. Horita et al. reported

a retrospective study in which combined administration of steroids with tacrolimus

served as an effective strategy for treating AE-IPF [30]. In their study, all patients

received high-dose steroid therapy (methylprednisolone 1 g/day, 3 days), with some

additionally receiving serial intravenous infusion of tacrolimus for 5–14 days

(target blood level 20 ng/ml), followed by oral tacrolimus treatment (target blood

level 2 ng/ml). The P/F ratio and blood lactate dehydrogenase (LDH) level

improved, and the MST was prolonged in the combined treatment group (n¼ 5)

as compared to the uncombined treatment group (n¼ 10) (more than 92 days

vs. 38 days, p< 0.05).

12.4 Anticoagulant Therapy

IPF is characterized by enhanced blood coagulability due to vascular endothelial

disorders [31–34]. Kubo et al. reported the results of an RCT of anticoagulant

therapy using warfarin in IPF patients receiving oral steroid therapy (n¼ 56)

[35]. During the observation period, 60 % of the patients were hospitalized because

of exacerbation of respiratory failure, which was often attributable to AE-IPF.

During the hospital stay, the anticoagulant therapy group received low-molecular-

weight heparin in place of warfarin. The death rate due to AE-IPF was lower in the

anticoagulation treatment group than in the anticoagulant drug-untreated group

(18 % vs. 71 %, P¼ 0.008), and elevation of the blood D-dimer level was associ-

ated with the death rate. However, Simon-Blancal et al. reported that the prognosis

of patients with AE-IPF was not improved by combined steroid + low-molecular-

weight heparin treatment [36]. Furthermore, Noth et al. reported, based on an RCT

in patients with IPF, a higher death rate in the warfarin treatment group as compared

to that in the placebo group [37].

Thrombomodulin is known to have high mobility group box-1 (HMGB1)-inhib-

itory activity in addition to anticoagulant activity [38, 39]. In recent years, a number

of reports have been published from Japan on the results of treatment with AE-IPF

with recombinant human soluble thrombomodulin (rhTM) [40–42]. Taniguchi

et al. reported that when 40 patients with AE-IPF were treated with a high-dose

steroid (methylprednisolone 1 g/day, 3 days) + cyclosporine, accompanied by 6-day

rhTM treatment (0.06 mg/kg/day) in 20 of these patients, the death rate at 3 months

was lower in the rhTM-treated group than that in the rhTM-untreated group

(HR¼ 0.17, P¼ 0.015) [40]. Isshiki et al. treated 42 AE-IPF patients with a high-
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dose steroid (methylprednisolone 1 g/day, 3 days), accompanied by 6-day rhTM

treatment (0.06 mg/kg/day) in 16 of these patients [41]. The blood HMGB1 protein

level on Day 7 of treatment was lower, and the survival rate at 3 months was higher

in the rhTM-treated group than that in the rhTM-untreated group (69 % vs. 38 %,

P¼ 0.03). Tsushima et al. reported that patients with AE-IPF had abnormalities of

the clotting system, such as increased plasma levels of fibrinogen degradation

products (FDP), thrombin-antithrombin complex (TAT), plasma-alpha2 plasmin

inhibitor complex (PIC), and D-dimers, and that the death rate at 28 days was lower

in the group treated with a steroid + rhTM (n¼ 20) than that in the group treated

with a steroid alone (n¼ 6) (35 % vs. 45 %, p< 0.05) [42].

12.5 Neutrophil Elastase Inhibitors

Sivelestat is a neutrophil elastase inhibitor that was developed in Japan. Although a

meta-analysis failed to demonstrate the effect of sivelestat in lowering the death

rate due to ARDS [43], an animal study revealed its effect in suppressing the

progression of bleomycin-induced pulmonary fibrosis [44]. Because patients with

AE-IPF have been shown to have high blood neutrophil elastase levels, sivelestat is

expected to be useful in the treatment of AE-IPF. In a phase 3 study of AE-IPF

carried out in Japan, treatment with sivelestat was shown to alleviate or improve the

shortness of breath and P/F ratio [45].

12.6 Pirfenidone

Pirfenidone is an antifibrotic drug that was developed in Japan. In an RCT carried

out in 107 patients with IPF, the incidence of acute exacerbation during the 9-month

observation period was 14 % in the pirfenidone-untreated group but 0 % in the

pirfenidone treatment group (P¼ 0.003) [46]. Pirfenidone has also been reported to

additionally suppress acute exacerbations of IPF after lung cancer surgery [47].

12.7 Nintedanib

Nintedanib is an intracellular signal inhibitor targeting multiple tyrosine kinases. Of

the phase III trials conducted in patients with IPF, INPULSIS-1 did not reveal any

difference in the time until onset of acute exacerbation after the start of treatment

between the nintedanib treatment group and the placebo group (AE-IPF hazard

ratio, 1.15; 95 % CI, 0.54–2.42; p¼ 0.67). However, INPULSIS-2 revealed a longer

period of time until onset of acute exacerbation in the nintedanib group (AE-IPF

hazard ratio, 0.38; 95 % CI, 0.19–0.77; p¼ 0.005). Analysis of the combined data
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from both trials revealed that the incidence of AE-IPF was 36 % lower in the

nintedanib group than that in the placebo group, although this difference was not

statistically significant (HR, 0.64; 95 % CI, 0.39–1.05; p¼ 0.08) [48]. However,

some investigators pointed out problems with the statistical analysis method in

these trials, stating that the effect of nintedanib in suppressing AE-IPF could be

deemed as statistically significant [49].

12.8 Macrolides

The antibiotic macrolide has been reported to suppress acute lung injury [50]. In a

study in which AE-IPF patients receiving high-dose steroid + azithromycin treat-

ment (n¼ 20) were compared with those receiving high-dose steroid

+ fluoroquinolone treatment (n¼ 56), the number of patients who died was

39 (70 %) in the fluoroquinolone-treated group but only 4 (20 %) in the

azithromycin-treated group ( p< 0.001) [51]. In regard to the reasons for the

suppression of death among the AE-IPF patients treated with azithromycin, the

immunosuppressive and/or anti-inflammatory activity of azithromycin has been

suggested.

12.9 Direct Hemoperfusion Using a Polymyxin

B-Immobilized Fiber Column (PMX-DHP)

PMX-DHP therapy was developed as a means of treating sepsis through adsorption

of blood endotoxins [52]. It has also been shown to be useful in the treatment of

ARDS caused by sepsis, with the mechanism of action involving adsorption and

removal of not only endotoxins but also of some other harmful substances [53–55].

For example, it has been reported that there are no differences in the blood levels of

tumor necrosis factor-alpha (TNF-alpha), IL-6, IL-8, and IL-10 before and after

PMX-DHP therapy [54] and that PMX-DHP therapy lowered the blood levels of

matrix metalloproteinase (MMP)-9, tissue inhibitor of metalloproteinase (TIMP)-1

and HMGB-1, and the urinary levels of 8-hydroxy-20-deoxyguanosine (8-OHDG)

level [55, 56].

Recently, reports on PMX-DHP therapy for AE-IPF have been published pri-

marily from Japanese facilities. Noma et al. reported that of 2 patients with AE-IPF

administered high-dose steroid + PMX-DHP therapy, both showed reduction of the

blood levels of HMGB1, monocyte chemoattractant protein-1 (MCP-1), IL-8, and

IL-6, but only one of the two patients could be saved [57]. Tachibana et al. reported

that of the 19 AE-IPF patients administered high-dose steroid + PMX-DHP therapy,

9 survived, allowing reduction of the blood IL-7 level to be identified as a prog-

nostic factor [58]. Oishi et al. applied high-dose steroid + PMX-DHP therapy to
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9 patients with AE-IPF, reporting that the therapy resulted in a reduction of the

blood levels of IL-9, IL-12, IL-17, platelet-derived growth factor (PDGF), and

vascular endothelial growth factor (VEGF) and that the extent of improvement of

the P/F ratio was correlated with the quantity of VEGF adsorbed on the column

[59]. Abe et al. observed the column used for PMX-DHP therapy in AE-IPF

patients and found adsorption of numerous activated neutrophils [60]. The same

investigators additionally reported that PMX-DHP therapy of AE-IPF patients

resulted in HMGB-1 adsorption on the column and reduction of the blood

HMGB-1 level [61]. Enomoto et al. reported no changes in the blood levels of

IL-6, IL-8, IL-10, neutrophil elastase, or HMGB-1 after PMX-DHP therapy as

compared to the levels recorded prior to the therapy; however, the peripheral

white blood cell count decreased markedly after the therapy [62].

Seo et al. evaluated the clinical efficacy of PMX-DHP therapy, reporting that

4 of the 6 AE-IPF patients who received high-dose steroid + PMX-DHP therapy

showed improvement of the A-aDO2 and blood levels of Krebs von den lungen-6

(KL-6) and LDH, allowing them to be weaned from mechanical ventilation, but the

remaining 2 patients died [63]. According to the abovementioned report by

Enomoto et al., PMX-DHP therapy improved the P/F ratio and the chest X-ray

findings, but PMX-DHP for 12 h or longer was needed to improve the survival rate

[62]. Kono et al. compared the outcome of PMX-DHP therapy for acute exacer-

bation of interstitial pneumonia, such as IPF, between a short-daily-duration treat-

ment group (PMX-DHP for 6 h or less per day, n¼ 5) and long-daily-duration

treatment group (12 h per day, n¼ 12), reporting a greater improvement of the P/F

ratio and higher 30-day survival rate in the long-daily-duration treatment group

[64]. Abe et al. summarized the results of PMX-DHP therapy administered to

160 cases with acute exacerbation of interstitial pneumonia (AE-IPF in 73 cases)

at multiple facilities [65]. They reported that a high-dose steroid was used concomi-

tantly in all cases and that the survival rate was 70 % at 1 month and 35 % at

3 months after the start of PMX-DHP therapy. Takada et al. compared the prognosis

of a group of patients with acute exacerbation of interstitial pneumonia (including

AE-IPF) which was administered high-dose steroid/immunosuppressant + PMX-

DHP therapy (n¼ 13) and another group which was administered high-dose ste-

roid/immunosuppressant treatment alone (n¼ 13) [66]. The survival period tended

to be longer in the group that received PMX-DHP therapy ( p¼ 0.067), and the

survival period was statistically significantly prolonged in the patients who began to

receive PMX-DHP therapy and steroid treatment simultaneously ( p< 0.01). These

reports suggest that if PMX-DHP therapy is started simultaneously with high-dose

steroid treatment, with a long duration set for each session of therapy (12 h or more

per day), the prognosis of patients with AE-IPF may be improved.
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12.10 Conclusion

Methods attempted to date for the treatment of AE-IPF include drug therapy using

high-dose steroids, immunosuppressants (cyclosporine A, cyclophosphamide, aza-

thioprine), anticoagulants (heparin, rhTM), neutrophil elastase inhibitors (sivelestat),

etc. and PMX-DHP therapy. However, none of these methods have been demon-

strated to be effective by RCTs. In regard to the most common treatment method of

“high-dose steroid therapy (methylprednisolone 1 g/day, 3 days),” while some

retrospective analyses of the efficacy have been carried out, there has been no report

of any prospective study to confirm its efficacy. In clinical practice at present,

however, attempts are being made to save the lives of patients with AE-IPF

(a condition with quite a high mortality) by means of high-dose steroid therapy

administered in combination with other drugs such as immunosuppressants

(cyclosporine A, tacrolimus, cyclophosphamide, azathioprine), anticoagulants, and

neutrophil elastase inhibitors or with PMX-DHP therapy.
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Chapter 13

Combined Pulmonary Fibrosis

and Emphysema (CPFE)

Is It an Independent Disease Entity?

Yoshiteru Morio and Kazuhisa Takahashi

Abstract Combined pulmonary fibrosis and emphysema (CPFE) is a common but

under-recognized syndrome characterized with distinct profiles of clinical, func-

tional and radiological features from both pulmonary fibrosis and emphysema.

Tobacco smoking may be situated at a major cause and differentiate prognosis of

CPFE associated with PH and lung cancer from that of pulmonary fibrosis or

emphysema alone. Further studies are needed to ascertain the aetiology, morbidity,

mortality and management of CPFE. The establishments of definition, classification

and staging of CPFE, including delineation of boundaries between IPF and CPFE,

also are required. Better understanding of CPFE will be able to develop future

therapeutic strategies.

Keywords Combined pulmonary fibrosis and emphysema • Idiopathic pulmonary

fibrosis • Emphysema • Pulmonary hypertension • Lung cancer

13.1 Introduction

Pulmonary emphysema and idiopathic interstitial pneumonia (IIP) are entities

defined by distinct clinical, functional, radiological and pathological characteris-

tics. Emphysema is defined as an enlargement of the distal air spaces from terminal

bronchioles to alveoli due to the destruction of alveolar walls [1]. Idiopathic

pulmonary fibrosis (IPF) is the most common IIP and characterized generally by

not only a progressive and fatal disease but also a histopathological and/or radio-

logical pattern of usual interstitial pneumonia (UIP) [2]. Despite traditionally

considered as separate disease states, several studies have described series of

combined pulmonary fibrosis and emphysema (CPFE). The combination of both

disorders was described over 40 years ago by Auerbach et al. who examined a
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pathological study of 1824 autopsy lungs [3]. Since Cottin et al. described that

CPFE exhibited emphysema at upper lobes and fibrosis at lower lobes on chest

high-resolution computed tomography (HRCT) in 2005 [4], CPFE has been pro-

posed as a distinct syndrome [5–7].

13.2 Epidemiology

The prevalence of CPFE in IIP has been estimated approximately from 8 to 50 %

[8–17]. The variety of CPFE prevalence may be influenced by referral bias, recruit

strategy and criteria definition. Nevertheless, the combination of emphysema and

pulmonary fibrosis is considered as a relatively common finding on HRCT scanning

(Table 13.1). Although a pattern of UIP/IPF appears to be the most common finding

at lower lobes in CPFE, other patterns of fibrotic IP have been reported in the setting

of CPFE [4, 9, 18, 19]. In addition, Cottin et al. described the heterogeneity of

pulmonary fibrosis in CPFE associated with connective tissue diseases (CTDs)

[20]. On the other hand, several patterns of emphysematous change, including

paraseptal, centrilobular and bullous change, also have been reported in the setting

of CPFE [4, 12, 17, 19, 20].

Most of cohort studies have demonstrated that CPFE is often observed in males

over 65 years of age who are current smokers or ex-smoker of>40 pack-years [6, 7]

(Table 13.2). However, despite demonstrating a similar smoking history and pul-

monary function profile, CPFE associated with CTDs was observed more female

dominantly and younger than “classic CPFE” [20].

Table 13.1 Prevalence of CPFE in IIPs

Study Number of patients with CPFE/with IIPs Prevalence (%)

Akira et al. [8] 15/80 18.8

Choi et al. [9] 66/254 26.0

Copley et al. [10] 76/212 35.8

Doherty et al. [11] 9/23 39.1

Jankowich et al. [12] 20/44 45.5

Kurashima et al. [13] 221/660 33.5

Mejı́a et al. [14] 31/110 28.2

Ryerson et al. [15] 29/365 8.0

Schmidt et al. [16] 86/169 50.9

Sugino et al. [17] 46/108 42.6
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13.3 Physical Findings

Exertional dyspnoea (functional class III or IV of the New York Heart Association)

is the most common symptom despite of relatively normal spirometric values

among CPFE patients [4]. Physical examination often reveals bibasilar inspiratory

crackles and finger clubbing. Other signs and symptoms reported are cough, sputum

production and asthenia among CPFE patients [4].

13.4 Radiological Features

Radiological findings of CPFE are considered to be characterized by emphysema at

upper lobes and fibrosis at lower lobes. On chest X-ray findings of CPFE, an

interstitial pattern or reticulonodular infiltration is present at basal periphery of

bilateral lungs, while a hyperlucency with thinning or reduction in pulmonary

vessels is observed at bilateral apices. However, HRCT scanning is the most

appropriate tool for the diagnosis of CPFE, because the estimation by chest X-ray

alone does not necessarily confirm the diagnosis of this entity (Fig. 13.1).

Cottin et al. described the radiological criteria to determine CPFE as follows:

firstly, the presence of emphysema on HRCT, defined as well-demarcated areas of

decreased attenuation in comparison with contiguous normal lung and marginated

by a very thin (<1 mm) wall or no wall, and/or multiple bullae (>1 cm) with upper

zone predominance, and, secondly, the presence of diffuse parenchymal lung

disease with significant pulmonary fibrosis on HRCT, defined as reticular opacities

with peripheral and basal predominance, honeycombing, architectural distortion

and/or traction bronchiectasis or bronchiolectasis; focal ground-glass opacities

and/or areas of alveolar condensation may be associated but should not be

prominent [4].

UIP is the most common pattern [4, 9, 18, 19], as reporting the most frequent

presence of honeycombing in the wide variety of HRCT findings of CPFE. Other

patterns reported in pulmonary fibrosis include reticular opacities, ground-glass

opacities, traction bronchiectasis and architectural distortion, which are compatible

with non-UIP, smoking-related interstitial pneumonia (IP) or unclassifiable inter-

stitial lung diseases (ILDs) (Table 13.3).

The various findings of emphysema also are present at upper lobes, including

centrilobular, paraseptal and bullous change [4, 12, 17, 19, 20]. Centrilobular and

paraseptal emphysema appear to be typical features of CPFE (Table 13.3). In the

various findings of emphysema, Sugino et al. indicated a paraseptal emphysema as

a predictor of poor prognosis among 46 CPFE patients [17].
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13.5 Pathological Features

As the wide variety of radiological findings correlate closely with histopathological

data, UIP is the most common pattern of pathological findings in accordance with

the most frequent presence of honeycombing in HRCT findings of CPFE [4,

9]. Other patterns reported in pathological findings include nonspecific IP,

desquamative IP, respiratory bronchiolitis-related ILD and unclassifiable ILD [4,

9, 18, 19]. Because of the pathological heterogeneity, a pathological criterion for

diagnosis of CPFE is not mapped out [12].

Fig. 13.1 High-resolution computed tomography (HRCT) of a male smoker aged 77 years with

combined pulmonary fibrosis and emphysema. (a) Presence of paraseptal emphysema and

subpleural bullae in bilateral upper lobes. (b) Images of subpleural honeycombing and traction

bronchiectasis in bilateral lower lobes

Table 13.3 Various HRCT findings in CPFE

CT findings

Study

Cottin et al. [4] Kitaguchi et al. [19]

Fibrosis

Honeycombing 95 % 75.6 %

Reticular opacities 87 % 84.4 %

Ground-glass opacities 66 % 62.2 %

Traction bronchiectasis 69 % 40.0 %

Architectural distortion 39 % 15.6 %

Consolidation 15 % 13.3 %

Emphysema

Centrilobular 97 %

Centriacinar 24.4 %

Centriacinar + panacinar 15.6 %

Paraseptal 93 % 33.3 %

Paraseptal + centriacinar 26.7 %

Bullae 54 %
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13.6 Pulmonary Function and Gas Exchange

Pulmonary function tests show normal or subnormal findings of respiratory volume

and flow, despite of severe dyspnoea on exertion and extensive radiographic

findings among CPFE patients [4]. The coexistence of emphysema and fibrosis

leads to an influence of pulmonary function that profiles each other in CPFE. Forced

vital capacity (FVC), forced expiratory volume in the first second (FEV1) and total

lung capacity (TLC) are usually within normal or subnormal range (Table 13.2).

The unexpected subnormal spirometric findings in CPFE may be explained by

counterbalancing effects of the restrictive disorder in pulmonary fibrosis and the

propensity to hyperinflation in emphysema [5, 6]. The hyperinflation and increased

pulmonary compliance in emphysema probably compensate for the loss of volume

in fibrosis, resulting in the preservation of spirometric findings.

Additionally to the spurious preservation of spirometric findings, a marked

impairment of gas exchange manifested as a reduction in diffusing capacity of

the lung for carbon monoxide (DLco) is common [4] (Table 13.2). The severe

impairment of gas exchange is likely due to not only reduction in pulmonary

vascular surface and capillary blood flow but also thickness of alveolar wall.

Resting and exertional hypoxaemia also are common among CPFE patients. In

the series reported by Cottin et al., CPFE patients exhibited 63� 14 mmHg of

partial pressure of oxygen in arterial blood (PaO2) at rest on room air with

41� 16 mmHg of alveolar-arterial oxygen gradient and exertional decrease by

8.9� 5.7 % of arterial oxygen saturation (SpO2) during a 6-min walk test

(6MWT) [4]. Hypercapnia does not appear to be as frequent as hypoxaemia in

CPFE [4, 19]. In a consequence of exertional hypoxaemia, Jankowich

M.D. et al. reported that 80 % required oxygen therapy over a 5-year period

among 20 CPFE patients [12].

13.7 Pathogenesis

Tobacco smoking has been suggested as a major cause, as a history of smoking is a

constant factor in all the cohort studies [6, 7]. In addition, possible factors also have

been identified, such as exposure to agrochemical compounds or asbestos

[19]. While underlying mechanisms resulted from smoking exposure have been

considered, the precise and exact pathogenesis of CPFE is unclear. Although

potential roles for tumour necrosis factor-α [21] and platelet-derived growth fac-

tor-β [22] have been suggested in various animal models of CPFE, it is unclear

whether any of these models represent typical CPFE in human smokers.

Rogliani et al. reported an augmented expression of metalloproteinases (MMPs)

in fibroblasts of lungs from CPFE patients compared with emphysema patients,

suggesting the roles for MMPs in acceleration of pulmonary fibrotic process in

CPFE [23]. Tasaka et al. reported an increased CXC chemokine levels in
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bronchoalveolar lavage fluid from CPFE patients compared with IPF patients,

suggesting a relationship between the increased CXC chemokines and emphyse-

matous change in CPFE [24]. Tzouvelekis et al. reported an elevated serum

antinuclear antibodies and CD20-positive B-cell infiltration into the lungs from

CPFE patients compared with IPF patients, suggesting a presence of underlying

autoimmune disorders in CPFE [25]. Collectively, several mechanisms as men-

tioned above resulted from smoking exposure appear to underlie the pathogenesis

of CPFE.

Recently, individual genetic backgrounds have been considered as a predisposal

in the development of CPFE. Cottin et al. reported a heterozygous mutation in

SFTPC (the gene encoding surfactant protein C) in a nonsmoking young female

with CPFE [26]. In addition, telomeropathy also may be on the verge of becoming a

predisposal in the development of CPFE, since shorter telomeres appear to be

associated with pulmonary fibrosis, emphysema and smoking exposure [27]. How-

ever, the underlying genetic predisposition in CPFE remains to be elucidated

because of the limited reports.

13.8 Complication

13.8.1 Pulmonary Hypertension

Pulmonary hypertension (PH) is particularly prone to develop and a common

complication during the clinical course of CPFE. Cottin et al. reported 47 %

prevalence of PH (definition as an estimated systolic pulmonary arterial pressure

(eSPAP)� 45 mmHg by echocardiography system) among 61 CPFE patients [4]. In

the study, 5-year survival rates were 25 % and 75 %, respectively, among CPFE

patients with and without PH, indicating a presence of PH as a clinical determinant

of prognosis in CPFE. Mejı́a et al. reported a complication of PH that was more

frequent and severe in CPFE patients than in IPF patients [14]. The study also

demonstrated a lower survival rate in CPFE patients than in IPF patients, indicating

a complication of severe PH (eSPAP> 75 mmHg by echocardiography system) as a

predictor of mortality in CPFE.

Cottin et al. also reported 1-year survival rate of 60 % among 40 patients with

CPFE and PH, with a mean PAP of 40� 9 mmHg by examination of right heart

catheterization (RHC), and indicated both a reduced cardiac index (<2.4 L/min/m2)

and elevated pulmonary vascular resistance (>485 dyne/s/cm5) as predictors of

poor prognosis [28]. In the study, while the diagnosis of PH was established at mean

of 16 months after the initial diagnosis of CPFE, no significant benefit of medical

therapy, including pulmonary vasodilators, corticosteroids, immunomodulators and

bronchodilators, was observed.

Therefore, as no data currently supports treatment of PH in CPFE with pulmo-

nary vasodilators, oxygen therapy and referral for lung transplantation, if
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appropriate, appear to be the most reasonable option for the management [29]. Ran-

domized controlled trials are urgently required for the establishment of therapeutic

strategy of PH in CPFE.

13.8.2 Lung Cancer

CPFE patients may be at a high risk of developing lung cancer, as both pulmonary

fibrosis and emphysema possess a possibility to predispose lung cancer. Despite

several limited evidence in retrospective studies, an increased prevalence of lung

cancer among CPFE patients has been reported.

Kitaguchi et al. reported 46.8 % and 7.3 % prevalence of lung cancer, respec-

tively, in 47 CPFE patients and 82 emphysema patients [19], whereas Kurashima

et al. reported 33.3 % and 12.1 % prevalence, respectively, in 129 CPFE patients

and 233 IPF patients [13]. The more prevalence of lung cancer among CPFE

patients may be influenced by referral bias and recruit strategy. Nevertheless, it is

noteworthy that CPFE appears to be prone to cause lung cancer. Smoking-related

lung cancers such as squamous cell lung cancer and small cell lung cancer (SCLC)

appear to predominate in pathological features of lung cancer in CPFE [19, 30, 31].

Usui et al. described clinical characteristics of 101 CPFE subjects in 1143

patients with lung cancer [30]. In the study, CPFE subjects demonstrated the

worst median overall survival (10.8 months) compared with normal subjects

(i.e. without lung disease) (n¼ 623, 53.0 months) and emphysema subjects

(n¼ 404, 21.9 months). The poor prognosis of lung cancer may be explained by

not only earlier and more frequent recurrence of lung cancer but also less tolerance

to chemotherapy and performance status in association with acute exacerbation of

ILD among CPFE patients than among others [30, 32].

Collectively, as the more prevalence and worse clinical course of lung cancer

have been demonstrated, CPFE patients may be at a high risk of developing lung

cancer. However, it remains uncertain whether CPFE is an independent risk factor

of lung cancer.

13.9 Treatment

Therapeutic options for CPFE patients are limited and may require treatment for

both IPF and emphysema [5–7]. Smoking cessation, of course, is an obvious

objective and should be encouraged and supported. Oxygen therapy is appropriate

for the management of hypoxaemia. Inhaled bronchodilators are more often pre-

scribed among CPFE patients than among patients with pulmonary fibrosis alone

[12, 15]. Treatment for CPFE patients with systemic corticosteroids and immuno-

modulator therapy (e.g. azathioprine, N-acetylcysteine or pirfenidone) have been

considered similar to that for IPF, but without beneficial results in the published

series.
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A possibility of using pulmonary vasodilators (e.g. endothelin-1 receptor antag-

onist, prostanoids or phosphodiesterase type 5 inhibitors) has been raised for

therapeutic strategy of PH in CPFE, but no studies have been published to date

on the issue. Both hypoxic pulmonary vasoconstriction (HPV), a phenomenon to

avoid worsening arterial oxygenation, and imbalance in ventilation/perfusion ratio

(VA/Q) due to abnormal changes in pulmonary vascular bed and airway in CPFE

may predispose PH. Pulmonary vasodilators have a possibility to worsen arterial

oxygenation due to inhibition of HPV and potentiation of VA/Q mismatch by

nonselective vasodilation of pulmonary vessels. Therefore, as no data currently

supports treatment of PH in CPFE with pulmonary vasodilators, a referral for lung

transplantation, if appropriate, appears to be the most reasonable option for the

management [29].

13.10 Survival

The median survival of CPFE in reported series has been ranged from 1.8 to

8.5 years (Table 13.4). The various survival of CPFE may be influenced by a

presence of either complication or acute exacerbation. However, it remains contro-

versial whether CPFE patients have worse survival than patients with pulmonary

fibrosis or emphysema alone.

Mejı́a et al. reported a worse survival in association with severe and more

frequent PH in CPFE patients than in IPF patients [14]. Sugino et al. also indicated

both a paraseptal emphysema and PH as predictors of worse survival in CPFE

patients than in IPF patients [17]. In addition, despite the spurious preservation of

spirometric findings, Schmidt et al. indicated a longitudinal decline in FEV1 as a

more superior predictor of mortality than other pulmonary function parameters in

CPFE patients [16]. In contrast, other studies demonstrated comparable or better

survival in CPFE patients than in patients with pulmonary fibrosis or emphysema

alone [11–13, 15, 24, 33]. The basis for these discrepant results is unclear and may

be influenced by referral bias, recruit strategy and criteria definition.

Table 13.4 Survival

of CPFE Study

Number of patients

with CPFE

Median

survival (y)

Akagi et al. [33] 26 5.0

Choi et al. [9] 66 6.0

Cottin et al. [4] 61 6.1

Jankowich et al. [12] 20 4.0

Kurashima et al. [13] 129 8.5

Mejı́a et al. [14] 31 2.2

Ryerson et al. [15] 29 2.8

Sugino et al. [17] 46 1.8
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13.11 Conclusion

A number of published series have demonstrated that CPFE is a common syndrome

characterized with distinct profiles of clinical, functional and radiological features

from both pulmonary fibrosis and emphysema. Tobacco smoking may be situated at

a major cause and differentiate prognosis of CPFE associated with PH and lung

cancer from that of pulmonary fibrosis or emphysema alone. Is CPFE an indepen-

dent entity? CPFE is a distinct but under-recognized and common syndrome with

the characteristic presentation as mentioned above [7]. However, it is clear that

many aspects remain to be explored for better recognition of CPFE. Further studies

are needed to ascertain the aetiology, morbidity, mortality and management of

CPFE, with or without PH. The establishments of definition, classification and

staging of CPFE, including delineation of boundaries between IPF and CPFE,

also are required. Better understanding of CPFE will be able to develop future

therapeutic strategies.
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Chapter 14

Common Pathways in IPF and Lung Cancer

Why Is Lung Cancer Highly Associated with IPF at a

High Frequency?

Nobuyuki Koyama

Abstract Lung cancer which is the leading cause of cancer death worldwide leads

to poor clinical outcome, similar to idiopathic pulmonary fibrosis (IPF). Lung

cancer and IPF are often characterized by high comorbidity, and IPF is therefore

considered to be a risk factor for the incidence of lung cancer. On the other hand, its

high comorbidity recalls the existence of a common pathway in the pathogenesis

and progression of both diseases. However, lung cancer and IPF have distinct

phenotypes in the clinicopathological characteristics and therapeutic strategies.

Rather, the standard of care for lung cancer with IPF has not yet been established,

as treatments for lung cancer are sometimes harmful for comorbid IPF and induce

its exacerbation that results in death. In order to pursue the answer to the question,

“Why is lung cancer highly associated with IPF at a high frequency?” this chapter

focused on the common pathogenesis of IPF and lung cancer and reviewed possible

common pathways that are associated with both diseases. Besides common caus-

ative factors such as physical changes and environmental exposure, genetic mod-

ifications, epigenetic aberrations, and dysregulation in signaling pathways have

indeed been reported as possible biological mechanisms that commonly underlie

both diseases. Diverse common pathways as described in this chapter may account

for the high frequency of lung cancer with IPF. The approach to a better under-

standing of these pathways will invite a novel perspective on therapeutics for this

comorbidity, leading to an improved prognosis.
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Signaling pathway
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14.1 Introduction

Lung cancer is the leading cause of cancer death worldwide. Approximately 80 %

of lung cancer consists of non-small cell lung cancer (NSCLC), more than three-

quarters of which is diagnosed at an advanced stage, leading to a low 5-year

survival rate of approximately 20 %. Thus, lung cancer, along with idiopathic

pulmonary fibrosis (IPF), is associated with poor clinical outcome. Both diseases

are often characterized by high comorbidity as it is reported that IPF concurred in

7.5 % of surgically resected lung cancer patients [1]. Furthermore, high rates of

comorbidity have been reported; lung cancer occurred in 4.4–38 % of patients with

interstitial pneumonia. Therefore, IPF is considered to be a risk factor for the

incidence of lung cancer. Along with these epidemiologic data, IPF and lung cancer

have possible common causative factors such as aging, environmental exposure,

and infection from an etiological perspective. Indeed, squamous cell carcinoma,

which is highly related to smoking, is the predominant histological type of lung

cancer that is comorbid with IPF. On the other hand, gene mutations, epigenetic

aberrations, activation of signaling pathways, dysregulation of apoptosis, and

impaired expression of microRNA (miRNA) have been reported as possible bio-

logical mechanisms that commonly underlie lung cancer and IPF, particularly

fibrosis that is considered as aberrant “wound healing” similar to cancer. These

findings suggest the existence of a common pathway in the pathogenesis and

progression of IPF and lung cancer. However, IPF that consists of a heterogeneous

population is estimated to have numerous pathogenesis and courses. Its radiological

severity has no correlation with the prevalence of lung cancer, which is not always

developed in fibrotic lesions of IPF. Additionally, IPF demonstrates no increased

risk of malignancies other than lung cancer. Lung cancer and IPF have distinct

phenotypes in terms of the distribution of lesions and metastatic potential.

Aside from these pathogenetic implications, IPF is one of the morbidities that

require the most careful attention when treated with lung cancer, because treat-

ments for lung cancer such as antitumor drugs, thoracic radiation, and surgical

resection sometimes lead to acute exacerbation of IPF. Given the limited number of

clinical trials, the optimal treatment modality for lung cancer with IPF has not yet

been established. A novel therapeutic strategy for lung cancer or IPF that differs

from the conventional treatment modalities is being developed. This process is

currently focusing on “molecular targeted drugs” such as nintedanib that selectively

inhibit pathways that underlie the pathogenesis of these diseases.

In this chapter, possible common pathways of IPF and lung cancer are

pleiotropically searched and reviewed to determine the reason for the high rates

of comorbidity of both diseases. This approach for elucidation of the common

pathogenesis of both diseases may consequently shed light on efficient and effec-

tive treatment for these comorbid refractory diseases with poor prognosis.
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14.2 Gene Mutation, Amplification, and Deletion

Previous reports have suggested the association of many gene mutations with lung

cancer, which generally contribute to the development and progression of the

cancer. On the other hand, some cases of interstitial pneumonia are known to be

inherited. Recent reports suggest that familial inherited interstitial pneumonia

accounts for approximately 20 % of IPF [2]. To date, mutations in the genes

encoding telomerase reverse transcriptase (TERT); the RNA component of the

telomerase complex (TERC) [3]; surfactant protein A, SP-A (SFTPA); surfactant

protein C, SP-C (SFTPC); and ATP-binding cassette transporter A3 (ABCA3) have

been reported as genes responsible for familial interstitial pneumonia. Of these

genes, TERT mutations, gene deletions of SFTPA and SFTPC, and gene amplifica-

tion of TERC are also found in NSCLC.

There is very little information regarding single nucleotide polymorphisms

(SNPs) as a common pathogenesis of lung cancer and IPF, although some gene

mutations are often identified in sporadic IPF cases with lung cancer, suggesting

that they may be associated with the development of lung cancer in IPF. This

section focuses on common gene mutations in IPF and lung cancer.

14.2.1 Telomerase Reverse Transcriptase and the RNA
Component of the Telomerase Complex

Telomerase is the enzyme complex that maintains telomeres, protecting chromo-

somes from degradation, end-to-end fusion, and atypical recombination. Once

telomeres reach a critical length, RB and p53 signaling pathways initiate irrevers-

ible arrest of cell growth, cellular senescence, or apoptosis. Telomere dysfunction is

associated with disease development. Telomeres require the telomerase enzyme

complex to generate and maintain their structure and function. The telomerase

complex has an enzyme and an RNA template component that are encoded by

the TERT and TERC genes, respectively. The review by Gansner et al. indicated that

TERT and TERC mutations were identified in both patients with familial interstitial

pneumonia (8–15 %) and sporadic IPF (1–3 %) [4]. IPF caused by TERT and TERC
mutations is inherited as an autosomal dominant pattern with haploinsufficiency,

while these mutations associated with telomere shortening are also found in lung

cancer, especially in small cell carcinomas [5]. Genome-wide association studies

(GWAS) have identified the TERT locus on chromosome 5p15.33 as a lung cancer

susceptibility marker [6], and recurrent TERT promoter mutation was found in

2.57 % of NSCLC patients [7]. In terms of TERT function, one of the targets of

TERT regulation is the Wnt/β-catenin signaling pathway, whose activation via

transforming growth factor-β (TGFβ) signaling promotes epithelial-mesenchymal

transition (EMT) as well as myofibroblast differentiation [8]. Aberrant

Wnt/β-catenin pathway signaling is tightly associated with carcinogenesis.
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14.2.2 Surfactant Proteins

Of the surfactant proteins, germline mutations of the surfactant protein A2
(SFTPA2) gene that interfere with protein trafficking have been identified in both

IPF and lung cancer [9]. Surfactant protein C (SFTPC) gene mutations were also

found in IPF [10], whereas deletion of its gene was identified in lung cancer [11].

14.2.3 p53

The p53 gene is widely known to function as a tumor suppressor by modulating

DNA repair, cell division, and apoptosis induction, and its mutation alters the

conformation of the p53 protein, which accumulates in the nucleus, resulting in

carcinogenesis. p53 mutation is found in many types of cancer as an early event of

multistep carcinogenesis. p53 mutations, which are mostly attributed to smoking,

are implicated in 40–60 % of lung cancer, and transversion of GC to TA in p53 was
observed in 40 % of patients with smoking-associated cancer. On the other hand,

TGFβ that is activated in IPF upregulates p21, which is highly expressed in IPF and

is also upregulated by p53 and fibroblast-regulating cytokines. Intriguingly, p53
mutations were detected in peripheral type squamous cell carcinoma within fibrotic

areas of IPF. Smoking exposure that can cause p53 mutations is commonly asso-

ciated with squamous cell carcinoma and pulmonary fibrosis.

14.2.4 RAS

The RAS oncogene family includes HRAS, KRAS, and NRAS, which code for

21-kDa guanosine triphosphate (GTP)-binding proteins called p21. RAS proteins

that are activated by binding with GTP elicit cellular proliferation via the

RAS-dependent kinase cascade. Point mutations and overexpression of RAS lead

to a loss of the intrinsic GTPase activity that inactivates RAS proteins, and

consequently they activate RAS signaling. KRAS regulates cellular proliferation

through signal transduction across cellular membranes. KRAS mutations are found

in 12–57 % of adenocarcinoma and 2–9 % of squamous cell carcinoma of the lung

and are furthermore associated with poor overall survival of lung cancer patients.

Approximately 80 % of KRAS mutations in NSCLC involve codon 12 [12], and its

point mutation, KRASG12D, was detected in lung tissue with interstitial pneumonia

comorbid with lung cancer [13].
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14.2.5 Fragile Histidine Triad

Fragile histidine triad (FHIT), a member of the histidine triad gene family, is a

tumor suppressor gene that spans the FRAB3B common fragile site at chromosome

3p14.2. Homozygous deletions and loss of heterozygosity (LOH) at the FHIT locus

leading to inactivation of the FHIT gene have been frequently reported in lung

cancer cell lines and primary tumors. Aberrant FHIT mRNA transcripts have been

identified in 40–80 % of tumor samples, and loss of FHIT protein expression is

observed in approximately 70 % of primary tumors, mainly in smokers.

Hypermethylation of the FHIT promoter region containing CpG islands was

found in 36.7 % of tumor and 32.7 % of normal lungs, whereas LOH was detected

in 61.9 % of tumors. Lost or reduced FHIT expression was found in 36.7 and 75.7 %

of the tumor samples, respectively [14]. Consequently, the combination of meth-

ylation and LOH is considered to result in the loss of FHIT, and this phenomenon

has been frequently identified in smokers with squamous cell carcinoma. In con-

trast, FHIT mutations have been rarely reported in lung cancer cells. However,

FHIT gene mutations and protein reduction have been demonstrated in IPF, partic-

ularly in peripheral honeycomb areas. Accordingly, FHITmutations may contribute

to oncogenesis in some squamous cell carcinoma patients with a smoking history,

although LOH of the FHIT locus and reduced FHIT protein were frequently found

in metaplastic lesions in IPF.

These findings suggest that gene mutations may be at least partly associated with

a common pathway of IPF and lung cancer, functioning as a trigger.

14.3 DNA Methylation by DNA Methyltransferase

in Epigenetic Changes

Gene expression profiles are at least partly dependent on epigenetic changes,

including DNA methylation, histone modifications, and regulation of noncoding

RNA. Epigenetic changes can lead to changes in the expression of target genes

without any changes in DNA sequence and are therefore potentially reversible. In

this chapter, epigenetic changes are classified into three types of changes, DNA

methylation, histone modifications, and noncoding RNA (microRNA).

Hypermethylation and hypomethylation of genes play an important role in

epigenetic changes in gene expression. Modulation of gene transcription through

DNA methylation is carried out directly by DNA methyltransferases (DNMTs) and

is indirectly mediated through histone modifications. These epigenetic alterations

are often caused by environmental exposure, tobacco smoke, diets, or aging.

Hypermethylation of tumor suppressor genes and hypomethylation of oncogenes

have been widely investigated, particularly in oncogenesis. Moreover, Rabinovich

et al. have shown that the global methylation pattern in IPF is partly similar to that
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in lung cancer, suggesting similar pathogenic mechanisms underlying the develop-

ment of both diseases [15].

14.3.1 Phosphatase and Tensin Homolog

Phosphatase and tensin homolog deleted on chromosome 10 (PTEN), a dual-

specificity protein and lipid phosphatase, inhibits cellular migration and prolifera-

tion, promotes cellular apoptosis, and is considered as an antifibrotic mediator,

through inhibition of myofibroblast differentiation, as well as a tumor suppressor

gene. PTEN dephosphorylates PI-3,4,5-trisphosphate, thereby inhibiting PI3K/

AKT/mTOR signals. Inactivation of PTEN induced by rare gene mutations (5 %)

and reduced PTEN protein expression (75 %) in NSCLC results in ligand-

independent AKT/protein kinase B activation [16]. On the other hand, inhibition

of PTEN that is negatively regulated by TGFβ promotes α-smooth muscle actin

(αSMA) and collagen production, leading to induction of myofibroblast differenti-

ation and development of pulmonary fibrosis [17].

14.3.2 Caveolin-1

Caveolin-1 (CAV1) is a 22-kDa scaffold protein that is one of three essential

constituents of the flask-shaped (50–100 nm) invaginated membranes termed

caveolae. CAV1 is considered to be associated with the development of various

diseases, especially tumorigenesis, because it regulates diverse pathways of

integrin, epidermal growth factor receptor (EGFR), platelet-derived growth factor

receptor (PDGF), MAPK, and PI3K/AKT/mTOR signaling. Wang et al. reported

that CAV1 expression is reduced in lung tissues and in primary pulmonary fibro-

blasts from IPF patients and that TGFβ decreases CAV1 expression in pulmonary

fibroblasts, whereas CAV1 can suppress TGFβ-induced ECM production in cul-

tured fibroblasts through regulation of the c-JUN N-terminal kinase (JNK) pathway

[18]. On the other hand, the role of CAV1 in cancers remains controversial. CAV1

expression was reportedly decreased in lung cancer [19], and exogenous CAV1

expression in cancer cell lines inhibited cellular growth and tumorigenesis [20]. In

contrast, in other studies CAV1 expression was found to be upregulated in lung

cancer, and its upregulation was associated with tumor metastasis and poor out-

come [21, 22]. Li et al. reported that CAV1 maintains activated AKT, although this

effect was observed in prostatic cancer cells [23]. Sunaga et al. reported that CAV1

reciprocally exerts oncogenic function in NSCLC and tumor suppressive function

in SCLC [24].
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14.3.3 Claudin-5

Hypermethylation and decreased expression of the claudin-5 (CLDN5) gene

encoding a transmembrane protein are found in IPF lung tissues [25]. The decrease

in CLDN5 expression found in bleomycin-induced pulmonary fibrosis may promote

EMT [26]. Decreased or no expression of CLDN5 is also observed in pulmonary

squamous cell carcinoma [27], which is the most frequent histological type iden-

tified in lung cancer with IPF [28].

14.3.4 p14ARF

p14ARF, a tumor suppressor gene, induces cell cycle arrest in both the G1 and G2

phases of the cell cycle and induces apoptosis in a p53-dependent and

p53-independent manner. p14ARF silencing via DNA methylation has been reported

in some tumor types. Nitric oxide (NO) upregulates p14ARF and, in turn, enhances

p53 activity, resulting in apoptosis [29], whereas NO that is downregulated by

TGFβ attenuates EMT in alveolar type II (ATII) cells, whose apoptosis can lead to

pulmonary fibrosis [30].

14.3.5 p15INK4B, Caspase Recruit Domain 10, and
O-6-Methylguanine-DNA Methyltransferase

Huang et al. reported hypermethylation and reduced expression of the cyclin-
dependent kinase inhibitor 2B (CDKN2B, p15INK4B) gene and the caspase recruit-
ment domain 10 (CARD10) gene in IPF [31]. In particular, p15INK4B, a tumor

suppressor gene, is a member of the INK4 family, which includes the p16INK4A

and p14ARF genes. This gene is induced by TGFβ through SMAD proteins, and

aberrant methylation at the 50 end of the p15INK4B gene was observed in 15 % of the

neuroendocrine type of lung cancer [32], which includes small cell lung cancer that

is frequently detected in IPF. Another report showed that CARD10, also known as

CARMA3, was overexpressed in NSCLC [33]. The reason for the different CARD10
expression profiles between IPF and lung cancer remains unknown and requires

further investigation. Furthermore, the same group also reported that O-6-

methylguanine-DNA methyltransferase (MGMT) was hypomethylated and

overexpressed in IPF, whereas many articles have reported loss or decrease of

MGMT expression through promoter methylation of this gene in lung cancer

[34]. MGMT is a DNA repair enzyme that protects against DNA adduct formation

of carcinogenesis, leading to a stabilized chromatin structure and prevention of

apoptosis induction.
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14.3.6 Prostaglandin E2 (PGE2)

Prostaglandin E2 (PGE2), a metabolite of cyclooxygenase-2 (COX2), is a lipid

mediator derived from the COX pathway of arachidonic acid metabolism. COX2/

PGE2 stimulates PI3K/AKT and extracellular signal-regulated kinase 1/2 (ERK1/

2) signaling to induce tumor angiogenesis and invasiveness. COX2 expression and

PGE2 production are increased in many tumor types including lung cancer [35]. On

the other hand, PGE2 mediates many inhibitory signals in cells, thereby attenuating

myofibroblast differentiation and potentially suppressing pulmonary fibrogenesis

[36]. Lower levels of PGE2 in bronchoalveolar lavage fluid (BALF), and dimin-

ished PGE2 synthesis in fibroblasts, are found in IPF patients, suggesting its

antifibrotic function [37]. PGE2 exerts its biological effects through the

E-prostanoid 2 (EP2) receptor, the major G protein-coupled receptor for PGE2,

and could thereby inhibit TGFβ-induced myofibroblast differentiation

[38]. Decreased expression of the EP2 receptor confers PGE2 resistance on fibro-

blasts from mice with experimental fibrosis and from some patients with IPF. On

the other hand, multiple signaling pathways can be associated with EP2-mediated

oncogenesis: (1) activation of inducible nitric oxide synthase (iNOS)/guanylate

cyclase (GC) and ERK1/2 via transactivation of the EGFR; (2) phosphorylation of

the tyrosine-protein kinase SRC by β-arrestin 1 signaling, activation of the EGFR,

and activation of PI3K/AKT and RAS/ERK pathways; (3) phosphorylation of JNK

by β-arrestin 1 signaling and upregulation of profilin-1 (PFN1) to increase F-actin;

(4) regulation of the cAMP/PKA/CREB pathway; or (5) increased expression of

β-catenin-mediated cMYC and vascular endothelial growth factor (VEGF)

[39]. Aberrant methylation of the promoter region of the PTGER2 gene encoding

the EP2 receptor is proposed as one plausible explanation for these phenomena.

Hypermethylation of this region, which contains numerous CpG islands, was

frequently observed in both IPF and lung cancer and is reported to be driven by

PTEN suppression/AKT activation in fibroblast of IPF.

14.3.7 Thy1

Thy1 (CD90), a 25–37-kDa glycosylphosphatidylinositol (GPI)-anchored glyco-

protein that is expressed mainly in leukocytes, is involved in cell-cell and cell-

matrix interactions and may be a marker for lung cancer stem cells (CSCs) in

NSCLC cell lines [40]. In IPF, hypermethylation of the promoter region of the Thy1
gene causes loss or reduction of Thy1 expression in fibroblasts [41]. Loss of this

gene expression leads to myofibroblast differentiation within fibroblastic foci in

IPF, whereas this alteration is associated with invasiveness in lung cancer.
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14.3.8 Tumor Protein p53-Induced Nuclear Protein 1

In addition to evidence for hypermethylation, Sanders et al. have reported increased

gene expression due to hypomethylation in IPF [25]. Tumor protein p53-induced

nuclear protein 1 (TP53INP1), a major mediator of p53 antioxidant function that is

localized on chromosome 8q22, is upregulated in IPF. Exposure to diverse stress

agents enhances expression of TP53INP1, which encodes two nuclear isoforms,

TP53INP1a and TP53INP1b. TP53INP1 transcriptionally activates p53-target

genes such as p21 and p53-inducible gene 3 (PIG3), consequently leading to cell

cycle arrest and apoptosis upon DNA damage stress in different cell types

[42]. TP53INP1 in particular is considered as a tumor suppressor gene, because

its expression is decreased in different tumor types.

These findings suggest that aberrant epigenetic alteration may be a potent

candidate for a common pathogenesis of IPF and lung cancer through modification

of corresponding gene expression.

14.4 Histone Modification in Epigenetic Changes

Histone modification that posttranscriptionally regulates gene expression is another

epigenetic change. Histones are mainly modified by acetylation, methylation,

phosphorylation, and ubiquitination. Of these changes, aberrant acetylation status

that has been identified in many types of diseases is governed by histone

acetyltransferase (HAT)-mediated acetylation and histone deacetylase (HDAC)-

mediated deacetylation, which modulates the chromatin condensation status,

thereby altering gene expression. HAT acetylates lysine residues of histones,

which generally induces gene expression, whereas HDAC deacetylates these resi-

dues, resulting in chromatin condensation and consequently reducing gene tran-

scription. Di- and trimethylated histone H3 lysine 9 (H3K9me2/3) and

trimethylated histone H3 lysine 27 (H3K27me3) that repress gene transcription,

and trimethylated histone H3 lysine 4 (H3K4me3) that enhances gene transcription,

are well-known histone methylation modified forms. More than 50 histone lysine

methyltransferases (HMTs) and demethylases regulate these methylations,

resulting in epigenetic gene activation or silencing.

14.4.1 Histone Deacetylase

The 18 types of HDACs are subdivided into four major classes based on sequence

homology and catalytic mechanism. HDACs are aberrantly activated in many

tumor types and often reduce gene expression associated with lung tumorigenesis.

Aberrant HDAC activity enhances cellular proliferation through a number of
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signaling pathways including the MYC/MAD and RB/E2F pathways. HDACs have

also been reported to be implicated in fibrogenesis in various organs. Guo

et al. showed HDAC4-dependent differentiation of normal human lung fibroblasts

(NHLFs) to myofibroblasts that requires AKT phosphorylation and demonstrated

that AKT activation was indispensable for TGFβ-mediated lung fibroblast-

myofibroblast transition [43]. Halder et al. reported that the loss of TGFβ type II

receptor expression (TβRII) through histone deacetylation prevents TGF-

β-mediated tumor suppressive function [44].

14.4.2 Histone Methyltransferase

HMTs generally contain the SET (suppressor of variegation, enhancer of zeste,

trithorax) domain as the catalytic unit, and its dysregulation leads to aberrant

histone methylation, resulting in tumorigenesis by oncogene activation and/or

inactivation of tumor suppressor genes. Of HMT genes, the polycomb group protein

enhancer of zeste homolog 2 (EZH2) gene that has HMT activity is known to be

overexpressed in many malignant tumors. Polycomb group proteins (PcG), which

are transcriptional repressors, contain two distinct protein complexes: polycomb

repressive complex (PRC) 1 and PRC2. PRC2 consists of EZH2, its catalytic

subunit, the embryonic ectoderm development (EED) protein, and

EED-associated HDAC1 and HDAC2. EZH2 acts as an HMT and trimethylates

H3K27, thereby leading to epigenetic silencing of genes involved in development,

differentiation, and growth. EZH2 also recruits DNMTs to target promoters. EZH2

thus inactivates tumor suppressor genes through both DNAmethylation and histone

methylation. Therefore, EZH2 is considered as an oncogene. Indeed, we previously
reported that EZH2 expression is associated with poor prognosis in patients with

NSCLC and increases potentials of tumor growth and invasiveness in NSCLC cells

[45]. Many PRC2 target genes contain CpG islands, and Vire et al. reported that

EZH2 directly interacts with DNMTs and is necessary for de novo DNA methyl-

ation of PRC2 target gene promoters [46]. Regarding the association of IPF with

HMTs, Coward et al. recently demonstrated that in fibroblasts from IPF, G9a

HMT-mediated H3K9 methylation and EZH2-mediated H3K27 methylation were

markedly increased at the COX2 promoter, thereby resulting in epigenetic silencing

of the COX2 gene [47]. They also previously demonstrated that defective histone

acetylation caused by decreased recruitment of HATs, and increased recruitment of

the NCoR, CoREST, and mSin3a transcriptional corepressor complexes to the

COX2 promoter, is responsible for diminished COX2 gene transcription in IPF.

As described in the previous section, COX2/PGE2 function as key antifibrotic

mediators by attenuating myofibroblast differentiation and potentially suppressing

lung fibrogenesis, whereas these mediators, when overexpressed in lung cancer

cells, are known to contribute to tumor angiogenesis.
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14.4.3 Interferon-γ-Inducible Protein of 10 kDa/Chemokine
C-X-C Motif Ligand 10

Interferon-γ-inducible protein of 10 kDa (IP10)/chemokine C-X-C motif ligand

10 (CXCL10) is secreted by diverse cells including monocytes, fibroblasts, and

endothelial cells, and HDACs interact with HMTs that methylate H3K9 in order to

maintain chromatin condensation at its promoter region. IP10 has been reported to

inhibit tumor growth, metastasis, and angiogenesis in NSCLC [48], while Keane

et al. reported that lung tissues and fibroblasts from IPF patients constitutively

produced less IP10 than normal fibroblasts, suggesting that IP10 also attenuates

angiogenic activity in IPF [49].

Given these findings, histone modification that interacts with diverse pathways

and molecules may be directly and indirectly involved in the common pathogenesis

of IPF and lung cancer.

14.5 MicroRNA in Epigenetic Changes

microRNAs (miRNAs) are a class of noncoding small RNAs that consist of

approximately 20–25 nucleotides that bind to the 30 untranslated region (30 UTR)
of the mRNA of target genes. Once bound to the target mRNA, the mRNA is

degraded, and its translation is repressed. A single miRNA targets genes in different

pathways, while a single gene is targeted by multiple miRNAs. Therefore, miRNAs

play essential roles in numerous cellular and developmental processes, including in

intracellular signaling pathways and organ morphogenesis, whereas aberrant

miRNA expression is associated with the development and progression of a variety

of diseases including cancer. Currently, miRNA is a major focus of research, and in

this section, we extensively review the relationship between miRNA and the

common pathway of IPF and lung cancer.

14.5.1 miR-21

miR-21, one of the best-characterized miRNAs in tumorigenesis, has been reported

to be overexpressed in many types of cancer and to be particularly related to

prognosis in never-smokers with NSCLC [50]. miR-21 has also been reported to

be upregulated in the lungs of both mice with bleomycin-induced pulmonary

fibrosis and in patients with IPF [51]. TGFβ, a key mediator of lung fibrogenesis,

upregulates miR-21 expression, thereby promoting the activation of pulmonary

fibroblasts, resulting in myofibroblast differentiation. Fibroblastic growth factor-2

(FGF2) also enhances miR-21 expression in human primary fibroblasts. In turn,

enhanced miR-21 expression is primarily located in myofibroblasts in IPF.
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TGFβ-induced fibrogenic activation of pulmonary fibroblasts through miR-21 is at

least partly generated by negative modulation of SMAD7 and reduced SMAD2

phosphorylation. miR-21 is known to positively or negatively regulate the expres-

sion and function of diverse tumor-associated genes, including tropomyosin 1
(TPM1), programmed cell death 4 (PDCD4), PTEN, TGFβ, nuclear factor I/B
(NFIB), a serpin peptidase inhibitor (maspin), Sprouty-2 (Spry2), myristoylated
alanine-rich C-kinase substrate (MARCKS), matrix metalloproteinases (MMPs),
and reversion-inducing cysteine-rich protein with kazal motifs (RECK) that is an
inhibitor of MMPs. Of these genes, PDCD4, PTEN, TGFβ, and MMP-mediated

molecules are commonly associated with IPF and lung cancer.

PDCD4, which is considered as a tumor suppressor gene, inhibits the activation

of activator protein-1 (AP1). In turn, AP1 that is activated through the RAS/MAPK

pathway induces miR-21 expression, whereas RAS downregulates PTEN and

PDCD4 in an AP1- and miR-21-dependent manner [52]. On the other hand,

miR-21 in fibroblasts was associated with TGFβ-induced differentiation of fibro-

blasts into myofibroblasts through PDCD4, although this event was reported in

cancer stroma [53].

PTEN expression, which is negatively regulated by TGFβ, is reduced in 74 % of

NSCLC [54]. White et al. showed that PTEN expression is decreased in fibroblasts

isolated from the lungs of IPF patients, that myofibroblasts in IPF have diminished

PTEN expression, that inhibition of PTEN in vivo promotes fibrosis, and that PTEN

prevents myofibroblast differentiation in vitro [17].

TGFβ is a potent profibrotic cytokine and has been reported to play a critical role
in the pathogenesis of IPF. While TGFβ also induces SMAD-independent signal-

ing, TGFβ signaling that is dependent on SMAD proteins results from TGFβ
binding to TβRII, which then phosphorylates and activates TGFβ type I receptor

(TβRI) and consequently regulates tumor-associated gene transcription, including

the regulation of diverse signaling pathways, the cell cycle, and EMT [55]. Inter-

estingly, TGFβ signaling can exert either tumor suppressive or promoting function

according to the conditions to which the cells are exposed.

MMPs, a protein family of zinc-dependent endopeptidases, are classified into

subgroups. MMP-mediated degradation of many substrates leads to multiple bio-

logical and pathological conditions including wound healing, tumorigenesis, organ

fibrosis, and inflammation. A functional imbalance between MMPs and their

endogenous inhibitors, tissue inhibitors of metalloproteinases (TIMPs), can under-

lie the development of both pulmonary fibrosis and lung cancer [56]. MMP7 is

overexpressed in both IPF and NSCLC [57, 58]. MMP2 and MMP9 were not only

highly upregulated in the lungs of IPF patients but were also associated with tumor

invasion and metastasis [59–61]. On the other hand, increased expression of TIMP1

was found in bleomycin-induced pulmonary fibrosis [62], and TIMP3 was

upregulated in IPF patients [63]. Serum levels of TIMP1 and MMP9 were elevated

in NSCLC tissues [64].
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14.5.2 Let-7

The human lethal-7 (let-7) family, which contains 13 members, is another of the

best-characterized miRNAs and contributes to development and carcinogenesis.

Let-7 is considered as a tumor suppressor and is downregulated in both IPF and

lung cancer. Among the let-7 family, a role for let-7d has been reported in many

types of cancer and lung diseases. TGFβ reduces let-7d expression, which inhibits

high mobility group AT-hook 2 (HMGA2), a target of let-7d that is highly

expressed in alveolar epithelial cells (AECs) of IPF patients, thereby preventing

EMT [65]. Pandit et al. also reported that SMAD3 binds to the putative let-7d

promoter, which may be a potential mechanism by which let-7d inhibition of EMT

is prevented [66]. Johnson et al. suggested that let-7 downregulation in lung tumors

regulates RAS expression, which might function as a possible oncogenic mecha-

nism [67]. The possible association of let-7 with RAS signaling through HMGA2

may result in antifibrotic phenotypes and oncogenesis.

Cell division cycle 25A (CDC25A) may be another target of let-7 that is

associated with both IPF and lung cancer. CDC25A belongs to the CDC2 family

of dual-specificity phosphatases and removes the inhibitory phosphates of cyclin-

dependent kinases (CDKs), leading to their activation and consequently promoting

cell cycle progression and cellular proliferation [68]. Let-7c targets the homeobox

A1 gene (HOXA1), resulting in inhibition of CDC25A expression that is frequently

increased in NSCLC [69, 70]. CDC25A expression was induced by keratinocyte

growth factor (KGF), which also induces proliferation of AECs, whereas TGFβ, a
key player in pulmonary fibrogenesis, has been reported to inhibit AEC prolifera-

tion induced by KGF [71]. TGFβ also reduces the increased let-7d expression that is
found in the AECs of IPF. Let-7c and let-7d may exert reciprocal actions on the

development of IPF and pulmonary tumorigenesis.

14.5.3 miR-155

miR-155 is produced from processing of the B-cell integration cluster (BIC), which

is a noncoding transcript expressed in activated B cells, T cells, monocytes, and

macrophages. miR-155 has also been reported to be upregulated in lung cancer and

IPF [72, 73], and its expression is decreased by TGFβ. This miRNA reduces

keratinocyte growth factor-7 (KGF7), resulting in fibroblast migration through

activation of caspase 3 [74]. Coira et al. reported that miR-155 acts as an oncogene

by inhibiting SMARCA4 (SWI/SNF-related, matrix-associated, actin-dependent

regulator of chromatin, subfamily a, member 4), the catalytic subunit of the

SWI/SNF chromatin-remodeling complex, in lung tumors [75]. miR-155

overexpression downregulates putative tumor suppressor genes including

TP53INP1, PTEN, PDCD4, and SH2 domain-containing inositol 50-phosphatase
1 (SHIP1) [76, 77].
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14.5.4 miR-29

The miR-29 family consists of miR-29a, miR-29b, and miR-29c and interacts with

multiple profibrotic and inflammatory pathways, and its expression is significantly

reduced in fibrotic lungs [73]. miR-29 is also one of the TGFβ-associated miRNAs

involved in fibrogenesis and inhibits TGFβ-induced ECM synthesis through acti-

vation of the PI3K/AKT pathway in human lung fibroblasts [78]. miR-29 is

negatively regulated by TGFβ/SMAD signaling through SMAD3 [79], whereas

decreased miR-29 upregulates collagens and the genes encoding ECM proteins that

are associated with the development of pulmonary fibrogenesis [80]. Therefore,

miR-29 is considered to exert antifibrotic activity through regulation of the ECM

and EMT. On the other hand, multiple studies have reported that miR-29 is

downregulated in lung cancer [72, 81]. Furthermore, Fabbri et al. demonstrated

that miR-29 exerts antitumor effects by directly targeting both DNMT3A and

DNMT3B, thereby restoring the silenced expression of tumor suppressor genes in

lung cancer [82].

14.5.5 miR-30

miR-30 downregulates RAB18, which belongs to the RAS superfamily, resulting in

inhibition of NSCLC cell growth [83], whereas miR-30 is downregulated in IPF

[66]. WNT1-inducible signaling pathway protein 1 (WISP1) is highly expressed in

IPF, where it functions as a pro-fibrotic mediator, whereas miR-30a reverses TGF-

β-induced WISP1 expression in lung fibroblasts [84].

14.5.6 miR-210

miR-210 is an intronic miRNA located within the genomic loci of transcripts. Its

expression is increased in both IPF and lung cancer [85, 86]. Hypoxia-regulated

miR-210 mediates gene expression implicated in diverse pathophysiological path-

ways, such as the cell cycle, apoptosis, angiogenesis, and oxidative metabolism.

Bodempudi et al. reported that miR-210 expression is markedly increased in IPF

fibroblasts in response to hypoxia, which stimulates fibroblast proliferation in IPF

by repressing the cMYC inhibitor, MNT [87]. miR-210 overexpression directly

downregulates MNT and indirectly activates cMYC, presumably thereby inhibiting

hypoxia-induced cancer cell cycle arrest such as G0/G1 arrest and driving cellular

proliferation [88]. On the other hand, Tsuchiya et al. reported that miR-210

overexpression in esophageal squamous cell carcinoma cells directly targets fibro-

blast growth factor receptor-like 1 (FGFRL1), resulting in induction of cell cycle

arrest in both G0/G1 and G2/M phases and subsequent apoptosis [89].
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14.5.7 miR-199a–5p

miR-199a–5p expression is increased in IPF patients, especially in myofibroblasts

and fibroblastic foci. miR-199a–5p that is induced by TGFβ downregulates CAV1

that degrades the TGFβ/TβR complex, consequently promoting TGFβ signaling,

ECM production, and myofibroblast differentiation, as well as cellular prolifera-

tion, migration, and invasion [90]. A recent report showed that miR-199 also

regulates miR-155, which inhibits SMARCA4 that exerts a tumor suppressive

function [75].

14.5.8 miR-145

miR-145, a putative tumor suppressor, is downregulated in diverse tumors, and its

overexpression suppresses the proliferation of human lung adenocarcinoma cells

through the EGFR and NUDT1 [91]. On the other hand, Yang et al. reported that

miR-145 expression is increased in TGFβ-treated lung fibroblasts and in the lungs

of IPF patients and that miR-145 overexpression in lung fibroblasts increased

TGFβ-induced αSMA expression by targeting Kruppel-like factor 4 (KLF4), a

known negative regulator of αSMA expression [92]. miR-145 exerts reciprocal

effects on tumorigenesis and IPF development.

14.5.9 miR-200

miR-200 expression downregulates ZEB1 and ZEB2 expression, thereby inhibiting

EMT and consequently suppressing distant metastasis in lung cancer [93], although

miR-200 enhances metastases in mouse breast cancer cell lines partly through

miR-200-mediated downregulation of SEC23A [94]. miR-200 also targets the key

pro-angiogenic cytokines, IL-8 and CXCL1, thereby inhibiting tumor angiogenesis.

TGFβ decreased miR-200 expression in rat ATII cells, and indeed, miR-200 is

downregulated in the lungs of IPF patients [95]. That study also showed that

decreased expression of miR-200 regulates the expression of GATA3, ZEB1, and

ZEB2 and promotes EMT in AECs.

14.5.10 miR-17–92

Reduced miR-17–92 expression interacts with DNMT1, contributing to IPF devel-

opment [96]. miR-17–92 silencing via DNA methylation is found in lung tissue and

fibroblasts from IPF patients, whereas reduced miR-17–92 expression is inversely
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correlated with DNMT1 expression. Introduction of the miR-17–92 cluster into

fibroblasts of IPF reduced both the expression of fibrotic genes and DNMT1 and

DNA methylation of the cluster and normalized cellular phenotype. The review by

Osada et al. indicated that cMYC, E2F1/E2F3, and STAT3, which are frequently

activated in cancer, transactivate miR-17–92 that is overexpressed in lung cancer,

especially in SCLC [97]. miR-17–92 also suppresses PTEN, BIM, TβRII, CTGF,
RB, and p21. Increased miR-17–92 expression in tumors targets antiangiogenic and

fibrotic genes, many of which are altered in IPF. The biological properties of

miR-17–92 may differ between IPF and lung cancer.

14.5.11 miR-375

miR-375 is downregulated in squamous cell carcinoma and upregulated in adeno-

carcinoma of the lung. Its overexpression leads to inhibition of CLDN1 expression

that suppresses cell migration, invasion, and metastasis [98]. On the other hand,

miR-375 negatively regulates AEC transdifferentiation through inhibition of the

Wnt/β-catenin pathway, and its expression was decreased in the lungs of IPF

patients [99].

14.5.12 miR-185

miR-185 induces G1 arrest, thereby inhibiting cellular proliferation in lung cancer

[100]. This arrest may be due to miR-185 suppression of CDK6 and AKT1 mRNA

expression. The expression of miR-185 as well as of Argonaute subfamily proteins,

AGO1 and AGO2, a core component of RNA-induced silencing complexes

(RISCs), is increased in IPF.

14.5.13 miR-154

miR-154 may target several genes involved in the nuclear factor-κB (NFκB),
hypoxia-inducible factor-1 (HIF1), MAPK, NOTCH, and autophagic molecular

signaling pathways, and its expression is decreased in the sera of lung cancer

patients [101]. In IPF, miR-154 induced by TGFβ inhibits p15 (CDKNB2), a TGF-
β-responsive gene, and the Wnt pathway repressors DKK2, DIXDC1, and PPP2CA

and increases FZD 4/5/6, LRP, and KREMEN1, consequently inducing fibroblast

proliferation and migration [102]. Therefore, miR-154 overexpression may be a

positive regulator of the Wnt/β catenin pathway.

Although there are conflicting data regarding the role of miRNAs in pulmonary

tumorigenesis and IPF development, miRNA interaction with other miRNAs may

232 N. Koyama



be a strong candidate as a common pathogenesis of IPF and lung cancer as

described in this section (Table 14.1). Further investigation is warranted.

14.6 Signaling Pathways

IPF is characterized by injured and hyperplastic alveolar epithelium, which releases

diverse molecules including growth factors, cytokines, and MMPs, causing the

activation and proliferation of mesenchymal cells, ECM deposition, and the accu-

mulation of fibroblasts. These processes can lead to basal membrane disruption,

fibrin formation, abnormal wound repair, and angiogenesis through multiple sig-

naling pathways, thereby promoting cellular apoptosis or migration. In many lung

cancers, these signals can also activate oncogenes or inactivate tumor suppressor

genes, leading to oncogenesis through aberrant oncogenic pathways. These findings

suggest that common signaling pathways may contribute to the development of

both IPF and lung cancer. Indeed, some individual key molecules, as described in

the previous sections, are associated with both oncogenesis and fibrogenesis

Table 14.1 Association of microRNAs with tumorigenesis and the development of IPF

MicroRNA Tumorigenesis

IPF

development Related molecules

miR-21 " " TPM1, PDCD4, PTEN,TGFβ, NFIB, mapsin,

Spry-2, MARCKS

MMPs, RECK, SMAD2, SMAD7, FGF2

Let-7 # # TGFβ, HMGA2, SMAD3, RAS, CDC25A

miR-155 " " TGFβ, KGF7, SMARCA4, TP53INP1, PTEN,

PDCD4, SHIP1

miR-29 # # TGFβ, SMAD3, PI3K/AKT, DNMT3A,

DNMT3B

miR-30 # # RAS, Rab18, TGFβ, WISP1

miR-210 "? " Hypoxia, MNT, FGFRL1

miR-199a–5p " " TGFβ, CAV1, SMARCA4

miR-145 # " EGFR, NUDT1, TGFβ, KLF4
miR-200 # # ZEB1, ZEB2, Sec23a, IL-8, CXCL1, TGFβ,

GATA3, PTEN

BIM, TGFβRII, CTGF, RB, and p21

miR-17–92 " # DNMT-1, cMYC, E2F1/E2F3, STAT3

miR-375 # # TGFβ/SMAD, CLDN1, FZD8, Wnt/β catenin

miR-185 # "? CDK6, AKT1, AGO1, AGO2, RISCs

miR-154 #? "? NFκB, HIP-1, MAPK, Notch, TGFβ, p15,
DKK2, DIXDC1

PPP2CA, FZD 4/5/6, LRP, KREMEN1,

Wnt/β catenin
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through common signaling pathways (Fig. 14.1). Therefore, we further describe

noteworthy signaling pathways mentioned in the previous sections.

14.6.1 Transforming Growth Factor-β Signaling

As described in the previous sections, the TGFβ signaling pathway plays important

roles in wound healing and fibrogenesis through its cross talk with other signaling

pathways and diverse mediators. TGFβ-induced EMT and accumulation of

myofibroblasts can be promoted by integrin-dependent activation of SMAD and

Wnt/β-catenin signaling [103]. Myofibroblasts are resistant to apoptosis, which

promotes fibrogenesis, partly through reduction of the anti-fibrotic prostaglandin

E2 (PGE2) in IPF [104]. The features of these phenomena that lead to EMT appear

to be similar to those of tumor cells, and myofibroblasts promote cellular infiltration

and progression through multiple mediators in a tumor environment.
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Fig. 14.1 Potential signaling pathways underlying the common pathogenesis of IPF and lung

cancer
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14.6.2 Wnt Signaling

The Wingless-type protein (Wnt) family, which consists of 19 secreted proteins,

transmits its signal through activation of multiple pathways. One major Wnt

pathway, termed the canonical pathway, inhibits GSK3β, leading to the stabiliza-

tion and accumulation of β-catenin in the cytosol and its translocation into the

nucleus, consequently resulting in enhanced expression of target genes that are

associated with diverse diseases. As described in the previous Sect. 14.3.1, the

Wnt/β-catenin pathway is one target of TERT regulation. β-catenin transmission of

Wnt signals to the nucleus regulates diverse oncogenic genes including cyclin D1
and cMYC, and its overexpression and stabilization can promote oncogenesis. The

review by Stewart et al. indicates that expression of WNT1, a Wnt ligand, is

correlated with aberrant β-catenin expression and increased expression of cMYC,

cyclin D1, VEGFA, MMP7, Ki67, and survivin, resulting in proliferation of

NSCLC [105]. The other Wnt pathway, termed the noncanonical pathway, which

does not involve β-catenin, is mainly comprised of two types of pathways, the

planar cell polarity pathway (Wnt-PCP pathway) and the Wnt-calcium pathway

(Wnt/Ca2+ pathway). The combined expression of WNT7A and FZD9 in NSCLC

cell lines leads to ERK5 activation, which in turn leads to increased PPARγ
expression and activation of Sprouty-4. Sprouty-4 inhibits EMT, consequently

inhibiting tumor growth [106, 107]. Indeed, aberrant expression of Wnt ligands

and Wnt signaling mediators has been frequently found in NSCLC.

The Wnt/β-catenin pathway also promotes EMT and myofibroblast differentia-

tion that is mediated through TGFβ, thereby contributing to pulmonary

fibrogenesis. The Wnt/β-catenin signaling pathway was upregulated in lung tissues

of IPF patients. Moreover, β-catenin targets cyclin D1 and MMP7, both of which

are considered to be associated with pulmonary fibrogenesis [108].

14.6.3 PI3K/AKT/mTOR Signaling

Phosphoinositide 3-kinases (PI3Ks) regulate cellular proliferation, survival, adhe-

sion, and motility. These kinases stimulate PIP3 synthesis on the cell membrane,

thereby promoting the PI3K/AKT/mTOR pathway, a downstream signaling path-

way composed of multiple receptor tyrosine kinases. The PI3K/AKT/mTOR path-

way is activated early in the pathogenesis of pulmonary tumorigenesis through the

modulation of multiple signals as follows, resulting in inhibition of apoptosis and

cell survival: (1) mutations in PI3K or PTEN as well as in the EGFR or KRAS and

(2) PIK3CA amplification, PTEN loss, or AKT activation [109]. In fibroblasts of

IPF, PI3K/AKT/mTOR signals are aberrantly activated, while PTEN activity is

lower than that of normal cells [110]. Furthermore, the PI3K/AKT/mTOR pathway

interacts with many other signaling pathways, including those of MAPK and

VEGFR, in IPF cells [111].
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14.6.4 Nuclear Factor-κB Signaling

Cross talk between the NFκB and PI3K/AKT/mTOR signaling pathways may

contribute to lung cancer cell survival and proliferation [112]. PI3K/AKT promotes

NFκB activity in an IKKα-dependent manner [113], while NFκB is activated by

Fas-associated death domain protein (FADD) phosphorylation through IKK,

thereby promoting proliferation in lung adenocarcinoma [114]. Furthermore, EGF

induces IKK-independent NFκB activation through IκBα phosphorylation in lung

adenocarcinoma cells [115]. NFκB activation was associated with KRAS mutation,

and both lost p53 function and active KRASG12D, the major RAS point mutation in

lung cancer, constitutively activate NFκB as well as downstream signaling path-

ways, such as PI3K and MAPK, in lung cancer cells [116]. NFκB activation is also

found in the IPF-associated inflammatory process. NFκB-dependent inflammatory

mediators, including tumor necrosis factor (TNF)-α, TGFβ, interleukin (IL)-1,

inducible nitric oxide synthase (iNOS), and interferon (IFN)-γ, were highly

expressed in IPF patients and in animal models of pulmonary fibrosis [117–

119]. Previous in vivo studies showed that suppression of the NFκB signaling

pathway can attenuate bleomycin-induced pulmonary fibrosis, while in vitro studies
also found that the NFκB signaling pathway contributed to the regulation of TGFβ
[119–121].

14.6.5 Fibroblast Growth Factor Signaling

Fibroblast growth factors (FGFs) are a family of homologous polypeptide ligands

that bind to their cognate FGF receptors (FGFRs) [122]. There are 22 FGF ligands

comprising six subfamilies and four FGFR isoforms that are differentially activated

by FGF ligands in conjunction with the scaffold protein heparan sulfate proteogly-

can. Binding of FGF ligands to FGFRs transmits signals associated with angiogen-

esis as well as with cellular migration and proliferation, and the FGF signaling

pathway is involved in the pathogenesis of diverse diseases. However, FGF signal-

ing exerts reciprocal effects on tumor promoting and suppressive activities, which

are dependent on the tumor type. Regarding IPF, TGFβ released from AECs

induces the proliferation of pulmonary fibroblasts through FGF2, which promotes

phosphorylation of p38 MAPK and JNK [123], and high FGF2 levels have been

found in the bronchoalveolar lavage fluid and serum of IPF patients [124]. Many

NSCLC cells showed elevated FGF2 levels, which in turn promote the growth of

these tumor cells by intracrine mechanisms [125]. FGF2 also contributes to angio-

genesis and tumor proliferation in many types of cancer, and FGF2-mediated

autocrine and paracrine signaling can potently promote oncogenesis.

Another FGF, FGF1, exerts antifibrotic activity through downregulation of

collagen expression and antagonization of some TGFβ-mediated profibrotic func-

tions [126]. FGF1 was also shown to restore TGFβ-induced EMT in AECs through
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dephosphorylation of the SMAD2 phosphorylation that was induced by the

MEK/ERK pathway. FGF1-mediated activation of FGFR signaling induces the

recruitment and activation of SRC homology (SH2)- or phosphotyrosine (PTB)-

containing proteins, thereby activating multiple signaling pathways including

PI3K/AKT, MEK1/2-ERK, and p38MAPK [127]. Recently, Daly et al. reported

that low levels of FGF1 are associated with favorable outcomes in stage I lung

adenocarcinoma [128].

14.6.6 Fas/FasL Signaling

Fas, a cell surface death receptor of the TNF receptor (TNFR) superfamily,

paradoxically promotes both survival/differentiation and apoptosis through the

modulation of immune responses. Low to absent staining of Fas was detected in

fibroblastic cells of fibroblast foci from IPF patients [129]. Exposure to the

proinflammatory cytokines, TNF-α and IFNγ, increases Fas expression in an

NFκB- and MAPK-dependent manner, thereby sensitizing fibroblasts to

Fas-induced apoptosis and reversing the resistance of lung fibroblasts to apoptosis,

which is mediated by a prosurvival effect of TGFβ. Aberrant Fas/Fas ligand (FasL)

expression is found in many lung cancer cells and samples [130], suggesting its

contribution to lung carcinogenesis.

14.6.7 Vascular Endothelial Growth Factor Signaling

The vascular endothelial growth factor (VEGF) signaling pathway is well charac-

terized. VEGF ligands (VEGFA to VEGFE and placental growth factor) induced by

hypoxia, growth factors, and cytokines interact with VEGF receptors (VEGFR1–3),

especially with VEGFR2 that activates the PI3K/AKT pathway; promotes cellular

proliferation, migration, and survival as well as angiogenesis; and inhibits apopto-

sis. VEGF is highly expressed in lung cancer, and its expression is associated with

poor prognosis [131]. While normal wound healing requires angiogenesis, aberrant

neovascularization is often found in IPF tissues, suggesting that VEGF signaling is

associated with the development of IPF. Furthermore, Kobayashi et al. showed that

SMAD3 signaling mediates TGFβ-induced VEGFA production in human lung

fibroblasts [132].

14.6.8 Platelet-Derived Growth Factor Signaling

The platelet-derived growth factor (PDGF) family, which consists of PDGFA to

PDGFD, promotes cellular proliferation, invasion, and angiogenesis as well as

14 Common Pathways in IPF and Lung Cancer 237



wound healing and proliferation of mesenchymal cells. Enhanced PDGF expression

and activation of its signaling have been reported in different types of cancer and in

fibrotic disorders. Dimeric PDGFs bind to the receptors PDGFRα and PDGFRβ,
thereby transmitting signaling through PI3K, SRC, phospholipase C-γ, and RAS

pathways in both an autocrine and a paracrine manner [133]. PDGFA and PDGFC

paracrine signaling was associated with fibroblastic tumor infiltration in NSCLC

cell lines [134]. Furthermore, PDGF signaling, which partly overlaps with VEGF

signaling, activates cancer-associated fibroblasts (CAFs) and recruits VEGF-

producing stromal fibroblasts, leading to both tumorigenesis and angiogenesis

[135]. PDGF that is synthesized by alveolar macrophages is a potent mitogenic

and chemotactic factor for fibroblasts. Previous in vitro studies showed that PDGF

interacts with several fibrotic mediators including TGFβ, IL-1, TNF-α, FGF, and
thrombin, thereby promoting fibrogenesis. Macrophages and fibroblasts from IPF

patients produce PDGF, whereas PDGFB and PDGFR mRNAs are highly

expressed in hyperplasic ATII cells in IPF [136]. PDGF/PDGFR signaling can at

least partly interact with VEGF/VEGFR and FGF/FGFR signaling pathways, and

the intricate cross talk between these pathways may contribute to the common

pathogenesis of IPF and lung cancer.

14.6.9 RAS/RAF/MEK/MAPK Signaling

Signaling of the RAS/RAF/MEK/MAPK pathway is one of the most extensively

characterized signals and modulates cellular migration, proliferation, and apopto-

sis; its aberrant signals are therefore involved in the development of diverse

diseases. In particular, this pathway is frequently activated in lung cancer, most

commonly via KRASmutations in approximately 20 % of lung cancers, particularly

in adenocarcinomas in smokers [137]. The RAS/RAF/MEK/MAPK pathway has

also been associated with the development of IPF. Many molecules and pathways,

as well as most signals described in this section, can converge, regulate, or interact

with the RAS/RAF/MEK/MAPK pathway.

14.6.10 Signaling Through Connexin

Gap junctions are composed of protein complexes including connexins that char-

acterize cell-cell communication, and their alteration is tightly associated with

cellular proliferation, tissue repair, and tumor growth. Vancheri et al. reported the

possible role of connexins, especially connexin 43 (CX43), in the common patho-

genesis of IPF and lung cancer [138].

Multiple pathways that are mutually dependent interact with one another,

thereby regulating the signals that can lead to inflammatory processes and tumor-

igenesis. Therefore, a possible common pathway of IPF and lung cancer may
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provide a therapeutic perspective on these comorbid disorders. For example,

nintedanib that targets PDGFRα and PDGFRβ, VEGFR1 to VEGFR3, and

FGFR1 to FGFR3 has therapeutic potential for both IPF and NSCLC based on

the phase III trials, INPULSIS-1 and INPULSIS-2, for IPF and LUME-Lung 1 for

NSCLC [139, 140].

14.7 Conclusion

Both IPF and lung cancer are heterogeneous disease groups, and furthermore,

multiple pathways and diverse molecules that interact with one another can be

associated with both diseases, raising the complexity of the pathogenesis of these

diseases. However, we often encounter patients with lung cancer comorbid with IPF

in clinical practice, and as described in Sect. 14.1, lung cancer occurs in 4.4–38 %

of patients with interstitial pneumonia according to previous reports. Possible

commonality in the pathogenesis of IPF and lung cancer has been discussed in

this chapter, suggesting that in this context, there may be a common pathway that

contributes to the development of IPF and lung cancer. Diverse signals and mole-

cules can transmit individual signaling pathways, converge on a common pathway,

and promote inflammatory processes in IPF and lung tumorigenesis. These phe-

nomena may lead to a high frequency of comorbid IPF and lung cancer. Therefore,

an efficacious therapeutic strategy for both diseases that targets such a possible

common pathway may be exploited in the future, although it has already been

attempted, in part. In particular, although the incidence of lung cancer with IPF is

steadily increasing, there are few reports regarding its treatment. For more effica-

cious and efficient therapy for IPF and lung cancer, a more fundamental pathway

that underlies the development of both diseases needs to be determined.
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Chapter 15

Acute Exacerbation of Interstitial Pneumonia

After Pulmonary Resection for Lung Cancer

Can Acute Exacerbation of IPF Be Predicted

Preoperatively?

Hiroshi Date

Abstract Interstitial lung diseases (ILDs) are associated with an increased risk of

lung cancer. However, the contribution of anticancer therapies is unclear because

these therapies including surgery may trigger acute exacerbation (AE) and are

confounded by the progressive nature and poor prognoses of ILDs. We conducted

a large (n¼ 1,763) retrospective multi-institutional study to identify the predictors

of AE and to identify the predictors of long-term survival after surgical resection for

lung cancer. AE occurred in 9.3 % of patients and its mortality was 43.9 %. With

multivariate analysis, the following seven risk factors of AE were identified:

anatomical surgical resection, male sex, history of AE, preoperative steroid use,

high serum sialylated carbohydrate antigen KL-6 level, usual interstitial pneumonia

appearance on CT, and reduced percent-predicted vital capacity (%VC). Unfortu-

nately, no effective prophylactic medication could be identified.

The overall 5-year survival was 40 %, which was poorer than the historical

control. The multivariate analysis revealed that wedge resection, %VC<80 %, and

lower lobe cancer were identified as predictors of poor survival. Of note, wedge

resection reduced death caused by respiratory failure but resulted in poorer long-

term prognosis than lobectomy because of higher incidence of cancer recurrence.

We further developed a simple risk scoring system for predicting AE by giving

weight to each seven risk factors. Using this risk score system, surgeons can assess

the risk of AE in each patient preoperatively and may choose appropriate surgical

procedure in routine clinical practice.

Keywords Acute exacerbation • Interstitial pneumonia • Idiopathic pulmonary

fibrosis • Lung cancer
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15.1 Introduction

It is well known that interstitial lung diseases (ILDs) are associated with an

increased risk of lung cancer [1, 2]. Therapeutic strategies for lung cancer patients

with ILDs should be chosen carefully, as any interventions may trigger exacerba-

tion of ILDs [3, 4]. Pulmonary resection has been shown to be associated with high

postoperative morbidity and mortality in these patients. Postoperative acute exac-

erbation (AE) of interstitial pneumonia is the most fearful complication and is

associated with mortality rates between 33.3 % and 100 % [5–8]. In addition to

treatment-related morbidity and mortality, the prognosis of ILDs itself—particu-

larly in idiopathic pulmonary fibrosis (IPF) patients—can be a life-limiting factor.

IPF is generally unresponsive to medical treatment, and patients have an extremely

limited prognosis with an expected survival from 2 to 3 years after diagnosis [9–

13]. Whether pulmonary resections should be performed for lung cancer patients

with fibrosis remains a matter of debate [8, 14–16].

To determine the most appropriate treatment strategy, a reliable assessment of

the risks and benefits of the various interventions is required. It was for this purpose

that we first conducted a large-scale multi-institutional retrospective cohort study at

the initiative of the Japanese Association for Chest Surgery starting from 2010.

15.2 A Typical Case of Acute Exacerbation After

Pulmonary Resection for Lung Cancer

A 69-year-old man presented a right middle lobe mass. A high-resolution CT scan

revealed a solid mass with a diameter of 25 mm in the middle lobe (Fig. 15.1a).

Basal slice of the CT showed bilateral subpleural interstitial reticular opacities with

mild honeycombing (Fig. 15.1b). Transbronchial lung biopsy was performed for the

middle lobe mass resulting in the diagnosis of adenocarcinoma of the lung. Further

work-ups showed no evidence of metastasis and his clinical staging was determined

to be c-T1bN0M0, c-Stage Ia. He had a 30-pack-year history of cigarette smoking,

but preoperative respiratory function and blood gas analysis were normal. He

underwent a straightforward right middle lobectomy with radical lymph node

dissection by video-assisted thoracoscopic surgery. Early postoperative course

was uneventful and he was discharged on day 7. Pathologic examination of the

middle lobe showed adenocarcinoma associated with usual interstitial pneumonia.

He was readmitted with aggressive dyspnea on day 19. CT scan of the chest showed

newly developed bilateral gland-grass opacities on top of the preexisting fibrotic

shadow (Fig. 15.1c, d). He was diagnosed with acute exacerbation of the interstitial

pneumonia and treated with maximal medical treatment including steroid pulse and

sivelestat sodium hydrate resulting in little improvement. He died on day 59 by

respiratory failure.
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15.3 Risk Factor for Acute Exacerbation

Acute exacerbation (AE) is characterized by diffuse and rapid alveolar damage

superimposed on a background of preexisting fibrotic change, which most likely

occurs as a result of a massive lung injury due to some unknown etiologic agents.

Some unknown etiologic agents of AE can be induced by pulmonary resection.

Several investigators have reported on possible AE risk predictors, such as low

DLCO [6], low %VC [17, 18], high KL-6 [19], high CRP [20], high LDH [18], poor

performance status [7], and positive intraoperative water balance [20]. However, all

these previous studies were single institutional retrospective studies, and their

sample size were less than 100, which were too small to draw any conclusions.

AE has been shown to be the major cause of death for lung cancer patients after

pulmonary resection in a report cumulating over 10,000 cases from the Japanese

Joint Committee for Lung Cancer Registration and in the 2009 annual report of the

Japanese Association for Thoracic Surgery [21, 22]. It was for reason that we first

conducted a large-scale multi-institutional retrospective cohort study at the

Fig. 15.1 A typical case of acute exacerbation after pulmonary resection for lung cancer. (a) A

solid mass of adenocarcinoma in the middle lobe. (b) Basal slice of the CT demonstrating bilateral

subpleural interstitial reticular opacities with mild honeycombing. (c, d) Newly developed bilat-

eral gland-grass opacities on top of the preexisting fibrotic shadow on day 19 after middle

lobectomy
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initiative of the Japanese Association for Chest Surgery starting from 2010

[23]. The original data for analysis were obtained from non-small cell lung cancer

patients who had undergone pulmonary resection and presented with a clinical

diagnosis of ILDs between January 2000 and December 2009 at 64 institutions

throughout Japan. The primary end point for outcome analysis was postoperative

AE of interstitial pneumonitis within 30 days after pulmonary resection. Medical

records of the patients were reviewed for about 80 clinicopathological factors.

Diagnoses of ILDs were confirmed based on a combination of clinical and

radiologic findings according to the clinical criteria proposed by the Japanese

Respiratory Society [17], which are consistent with the guidelines of the American

Thoracic Society in 2011 [12]. The cases were categorized into two groups

according to their radiological appearance on CT scan: (1) usual interstitial pneu-

monia (UIP) pattern, characterized by the presence of basal-dominant reticular

opacities and predominantly basal and subpleural distribution of honeycomb

lesions, with multiple equal-sized cystic lesions of 2–10 mm diameter with a

thick wall; and (2) non-UIP pattern, characterized by the presence of basal-

predominant ground-glass opacities and infiltrative shadows inconsistent with

UIP patterns.

AE caused by pulmonary resection was defined based on criteria proposed by

Yoshimura et al. and ATS Guidelines [12, 24]. These criteria were (1) onset within

30 days after pulmonary resection, (2) intensified dyspnea, (3) increase in the

interstitial shadow on chest radiograph and chest CT scan, (4) decrease in arterial

oxygen tension of more than 10 mmHg under similar conditions, (5) no evidence of

pulmonary infection, and (6) exclusion of alternative causes such as cardiac failure,

pulmonary embolism, or other identifiable causes of lung injury. Exacerbations

occurring from 31 days onward were defined as chronic exacerbations.

Data were obtained from 1,763 patients with surgically treated lung cancer with

ILDs. Among these, 164 patients (9.3 %) developed postoperative AE within

30 days after the operation. The majority of the patients developed AE within

10 days after operation, with postoperative day 4 showing the highest frequency of

AE. Within the patients developing AE, 72 of them (43.9 %) died.

With multivariate analysis, the following seven independent risk factors of AE

were identified: surgical procedures, male sex, history of exacerbation, preoperative

steroid use, serum sialylated carbohydrate antigen KL-6 levels, usual interstitial

pneumonia appearance on CT scan, and reduced percent-predicted vital capacity

(Table 15.1). Surgical procedures showed the strongest association with AE. The

lobectomy/segmentectomy group and the bilobectomy/pneumonectomy group

were both more likely to develop AE than the wedge resection group, with ORs

of 3.83 and 5.70, respectively. Neoadjuvant treatment and video-assisted

thoracoscopic surgery showed no association with AE in our study. The effect of

perioperative prophylactics such as steroids and sivelestat was not confirmed in this

study.
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15.4 Long-Term Survival

Achieving long-term survival after surgical resection for lung cancer patients with

ILDs is not easy due to several reasons. Firstly, AE may occur in early postoper-

ative period as shown in the previous section. Secondly, ILD itself has poor

prognosis in general. Especially, the median survival of the patients with IPF

reportedly ranges only 2–4.2 years from the date of diagnosis [12, 25, 26]. Thirdly,

cancer arising from ILDs may have aggressive nature.

Because of these considerations, determining the surgical indication for lung

cancer patients with ILDs is not easy. Besides their impaired pulmonary reserve, it

is not clear whether pulmonary resection is beneficial or harmful for each individ-

ual. Although there is a general understanding that the prognosis of lung cancer

patients with ILDs is poor, existing evidence to support these conclusions used to be

based on a few studies with comparatively small number of patients (14–56 cases)

Table 15.1 Risk factors of acute exacerbation (multivariate analysis)

Factors Patients (n) AE (%) OR P value

Surgical procedure

Wedge resection 275 10 (3.6) 1

Segmentectomy/lobectomy 1,386 138 (10.0) 3.83 0.0001

Bilobectomy/pneumonectomy 94 15 (16.0) 5.7 0.0001

Unknown 8

KL-6

<1,000 U/mL 834 68 (8.2) 1

≧1,000 U/ml 209 34 (16.3) 2.14 0.0013

Unknown 720

Sex

Male 1,593 158 (9.9) 1

Female 170 6 (3.5) 0.3 0.0047

%VC

<80 % 263 36 (13.7) 1

≧80 % 1,478 126 (8.5) 0.63 0.0308

Unknown

History of AE

No 1,741 158 (9.1) 1

Yes 20 6 (30.0) 3.24 0.0387

Unknown 2

Preoperative steroid use

No 1,651 14.4 (8.7) 1

Yes 103 20 (19.4) 2.46 0.0031

Unknown 9

CT findings

UIP pattern 1,300 134 (10.3) 1

non-UIP pattern 463 30 (6.5) 0.59 0.0143
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[5, 14, 16, 27–30]. In our previous report using data from 61 institutes in Japan on

1,763 lung cancer cases who had ILDs, we studied the morbidity and mortality rate

of pulmonary-resected patients and identified seven risk factors for postoperative

acute exacerbation of pulmonary fibrosis [23]. Using the same cohort, we have

analyzed their long-term survival and the probable factors influencing their

survival [31].

The overall 5-year survival after surgical resection for lung cancer patients with

ILDs was 40 %. The leading cause of death was cancer recurrence (50.2 %),

followed by respiratory failure (26.8 %). The 5-year survivals were 59 %, 42 %,

43 %, 29 %, 25 %, 17 %, and 16 % for patients with p-stage Ia, Ib, IIa, IIb, IIIa, IIIb,

and IV, respectively. These were substantially poorer than the recent figures

reported by the Japanese Joint Committee for Lung Cancer Registration for general

patients (Table 15.2) [32]. These poorer survival rates are likely due to the high

incidence of cancer recurrence, combined with the poor survival rate of ILD itself.

Multivariable analysis revealed that the type of surgical procedure, percent-

predicted vital capacity (%VC), and tumor locations were independent predictors

for survival (Table 15.3). Long-term survival of stage Ia patients who had under-

gone wedge resections was poorer than that of lobectomy patients (Fig. 15.2). The

estimated survival curve of the wedge resection group crossed that of the lobectomy

group 1 year after the surgery, and the survival of the wedge resection group was

significantly poorer than that of the lobectomy group (log-rank test, p¼ 0.0008).

These observations can be explained by the fact that the wedge resection group was

less likely to develop AE, but had a higher cancer recurrence rate than that of the

lobectomy group. The 5-year survival of the stage Ia patients with %

VC< or¼ 80 % was 20 %, whereas those with %VC> 80 % was 64.3 %

(log-rank test, p< 0.0001). For patients with poor predictors of survival, such as

predicted percent vital capacity of 80 % or less, surgical resection should be limited.

15.5 Risk Score

We aimed to derive a simple risk scoring system to predict AE after pulmonary

resection with two potential uses: firstly to allow pulmonologists and surgeons to

assess the risk of pulmonary resection when considering anticancer therapy for lung

cancer patients with ILDs and secondly to provide patients proper risk information

before the surgery.

We included seven predictors in our scoring system; each of them can be reliably

and routinely ascertained in typical clinical settings. These predictors, including

history of AE, surgical procedures, CT findings, preoperative steroid use, gender,

serum KL-6 level, and percent-predicted vital capacity, were identified as indepen-

dent risk factors for postoperative AE in our previous study [23]. We derived a risk

score system by giving weight to each factor. A logistic regression model was

employed to develop a risk prediction model for AE [33].
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Table 15.2 Five-year

survival rate after surgical

resection

p-Stage Patients with ILDs (%) General patients (%)

All 40 70

Ia 59 87

Ib 42 74

IIa 43 62

IIb 29 50

IIIa 25 41

IIIb 17 28

IV 16 28

Table 15.3 Cox proportional

hazard regression analysis for

survival

Categories Cases HR P value

%VC 1,656 0.98 <0.001

Procedures

Wedge resection 250 1

Lobectomy 1,209 0.704 0.002

Tumor location

Upper lobe 649 1

Lower lobe 928 1.409 <0.001

Lobectomy (n = 312)

Wedge (n = 159)

p-Stage Ia

68.4%

33.2%

p = 0.0008

Fig. 15.2 Survival of stage Ia patients with interstitial lung diseases who underwent surgical

resection
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A risk score (RS) as shown in Table 15.4 was derived as the following equation:

RS ¼ 5 History of AE : yesð Þ
þ 4 Surgical procedure : non-wedgeð Þ
þ 4 CT findings : UIP patternð Þ
þ 3 Preoperative steroid use : yesð Þ
þ 3 Gender : maleð Þ
þ 2 KL-6 : > 1, 000U=mLð Þ
þ 1 %VC : � 80ð Þ

RS of patients ranged between 0 and 22 and the relationship between RS and

predicted probability of AE is shown in Table 15.5. On the basis of the predicted

probabilities for AE, patients were classified into three risk groups, i.e., low-risk

group (RS: 0–10; predicted probability of AE<10 %), intermediate-risk group (RS:

11–14; predicted probability of AE 10–25 %), and high-risk group (RS: 15–22;

predicted probability of AE >25 %).

Using this risk score system, surgeons can assess the risk of AE in each patient

preoperatively and may choose appropriate surgical procedure in routine clinical

practice. Only the type of surgical procedure among the seven risk factors can be

modified based on the patient’s potential risk and curability. For the patients

stratified in the high-risk group of whom the predicted AE incidence is over

25 %, the surgeon should deliberately downgrade the procedure from lobectomy

to wedge resection or should not operate. For the patients stratified in the high-risk

group, by changing surgical procedure from lobectomy to wedge resection, a

reduction of four points shall be realized in the risk score, resulting in a 20–30 %

reduction of predicted AE risk. However, we should also take into account that the

conversion to the limited wedge resection possibly brings cancer recurrence which

results in less favorable long-term prognosis as shown in the previous section. For

those identified as high-risk patients in our risk scoring system, it is a matter of

argument if there is an alternative therapeutic modality other than the type of

surgical procedure. Chemotherapy and radiation also have been shown to provoke

acute deterioration of ILDs with high mortality [34].

Unfortunately, no prophylactic treatment with clear efficacy for AE has been

identified so far [23]. Stratifying the patients and identifying those at high risk are

very relevant to preventing or to decreasing the mortality of postoperative

AE. Early detection of AE may lead to more effective treatment, including high-

Table 15.4 Risk score of acute exacerbation after surgical resection for lung cancer

FHistory of AE Yes 5 No 0

Surgical procedure Non-wedge 4 Wedge 0

CT findings UIP 4 Non-UIP 0

Sex Male 3 Female 0

Preoperative steroid use Yes 3 No 0

KL-6 ≧1,000 U/mL 2 <1,000 U/mL 0

%VC <80 % 1 ≧80 % 0
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dose corticosteroid administration, although its use is not well evaluated. Those

identified as being in the intermediate- or high-risk group in our proposed risk

scoring system are recommended to have intensive surveillance, such as a routine

chest CT scan on postoperative day 4 or 5, the most likely time of AE onset

[23]. Another future application for this scoring system is the identification of

patients who should be treated prophylactically. Pulmonary fibrosis study group

recently reported that pirfenidone, an antifibrotic agent, significantly reduced dis-

ease progression in a phase III trial of pirfenidone for patients with IPF [35]. Now a

prospective study on the prophylactic effect of pirfenidone is being carried out in

Japan. In the same way, nintedanib (BIBF1120), a tyrosine kinase inhibitor which

reportedly reduces the progression of fibrosis and AE for IPF patients [36], may be

selectively administered for those at high risk of AE.
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