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Pleuroparenchymal Fibroelastosis

Takafumi Suda

Introduction

Pleuroparenchymal fibroelastosis (PPFE) is a rare interstitial
lung disease (ILD) characterized by predominantly upper
lobe fibrosis involving the pleura and subpleural lung paren-
chyma [1-3]. In 1992, Amitani et al. had first described a
peculiar series of Japanese patients with upper lobe-localized
pulmonary fibrosis of unknown etiology [4], which was
referred to as “idiopathic pulmonary upper lobe fibrosis.” In
2004, Frankel et al. [1] subsequently introduced the term
PPFE. Accordingly, they reported five cases with upper lobe-
predominant pulmonary fibrosis of unknown origin similar
to what described by Amintani, which they described as a
“unique idiopathic pleuroparenchymal lung disease that is
characterized by upper lobe radiologic predominance and
pathologic findings that do not fit with any currently defined
interstitial pneumonia.” Fankel et al. proposed idiopathic
PPFE to be a novel clinicopathologic entity of idiopathic
interstitial pneumonias (ITPs). Since then, a growing body of
literature has continued to report cases of PPFE, while the
updated consensus statement for the multidisciplinary diag-
nosis of IIPs by the American Thoracic Society (ATS)/
European Respiratory Society (ERS) has included idiopathic
PPFE as a rare but distinct form of IIP [2].

Initially, the fibrotic lesions of PPFE had been thought to
be restricted to the upper lobes. However, increasing evi-
dence has demonstrated that quite a few patients with PPFE
also had lower-lobe ILD [3, 5-9]. In addition, although PPFE
was originally considered idiopathic, many studies have
reported that PPFE also occurred in association with several
conditions, including bone marrow and lung transplantation
[10-12], chemotherapy [13, 14], and occupational exposure
[15, 16]. To complicate matters, histologic PPFE patterns
have also been found among patients with other ILDs, such
as idiopathic pulmonary fibrosis (IPF) [17], ILD associated
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with connective tissue disease (CTD) [18], hypersensitivity
pneumonitis [19], and familial interstitial pneumonia [19].
Moreover, recurrent/chronic pulmonary infection can cause
PPFE [3, 20, 21]. Thus, although PPFE can be associated
with a variety of underlying clinical conditions, the primary
etiology and pathogenesis of PPFE have yet to be completely
understood. This chapter will focus mainly on idiopathic
PPFE (iPPFE) and describe current evidence related thereto,
including its clinical, radiologic, and pathologic features. In
addition, recently proposed diagnostic criteria, as well as
current controversies concerning this disease entity, will be
discussed.

Epidemiology

Two distinct forms of PPFE have been recognized: an idio-
pathic form, which occurs without any specific causes
(iPPFE), and a secondary form, which is associated with
underlying diseases or conditions (secondary PPFE) [22]
(Table 36.1). While the precise incidence rates of each PPFE
have yet to be clarified, Nakatani et al. recently reported 12
cases of PPFE (5.9%) out of 205 consecutive ILD cases
undergoing surgical lung biopsy [23], among whom 8 (3.9%)
were categorized as iPPFE and other 4 (2.0%) as secondary
PPFE. In addition, among the patients with IIPs, 10.4% were

Table 36.1 Idiopathic and secondary pleuroparenchymal fibroelasto-
sis (PPFE)
* Idiopathic PPFE

» Secondary PPFE: PPFE associated with underlying diseases or
conditions

Bone marrow or stem cell transplantation
Lung transplantation

Autoimmune diseases
Rheumatoid arthritis, systemic sclerosis, ulcerative colitis,
ankylosing spondylitis, psoriasis
Familial PPFE
Infection

Aspergillosis, Mycobacterium avium/intracellulare
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identified as iPPFE. Shioya et al. showed 29 cases of iPPFE
(7.8%) out of 375 consecutive IIP cases [24]. More recently,
Fujisawa et al. reported that the out of 444 biopsy-confirmed
IIP cases, 4.1% were iPPFE cases diagnosed through multi-
disciplinary discussion (MDD) [25]. Thus, iPPFE may not
be as rare as previously considered with respect to the clini-
cal setting of IIPs. On the other hand, one study showed that
secondary PPFE had a prevalence 0.28% and 7.54% in
hematopoietic stem cell transplantation and lung transplanta-
tion, respectively [25].

Familial forms of PPFE have also been reported [26, 27].
Azoulay et al. had reported three sisters with bilateral iso-
lated apical pleural fibrosis of unknown origin with poor
prognosis [26]. Interestingly, mutations of telomere-related
genes have been found in patients with PPFE [28]. Indeed,
Newton et al. had been the first to demonstrate mutations in
the telomere maintenance machinery genes, such as telomer-
ase reverse transcriptase (TERT), telomerase RNA compo-
nent (TERC), and regulator of telomere elongation helicase 1
(RTELI), in eight patients with iPPFE. More recently, Nunes
et al. identified TERT mutations in 5 out of 10 patients with
PPFE, among whom three had iPPFE and two had PPFE
associated with Sjogren syndrome [27].

Studies have shown that patients with iPPFE have a
median age of 50-70 years with a wide range (13-87 years)
[1,3-5, 29, 30]. A systematic review by Thusen et al., which
included a total of 78 patients with iPPFE and secondary
PPFE, showed a bimodal distribution with an early peak at
the third and a later peak at the sixth decade of life [31].
Generally, no gender predominance has been observed.
However, PPFE patients with genetic mutations have female
predominane [28]. Moreover, despite the absence of an asso-
ciation between smoking habit and iPPFE, 20%-40% of
patients with iPPFE have smoking history [3, 5, 29, 30].

As described previously, PPFE can occur in association
with underlying diseases or conditions (secondary PPFE)
(Table 36.1). Most importantly, PPFE has been known as a
serious late-onset non-infectious pulmonary complication of
bone marrow or hematopoietic stem cell transplantation [10,
11, 32, 33] and lung transplantation [12, 34]. Moreover,
chronic graft-versus-host disease has been considered a major
possible cause of transplantation-associated PPFE. However,
cytotoxic agents used for treating hematologic malignancies
have also been associated with this disease. Recently, Higo
et al. suggested chronic graft-versus-host disease as the main
cause of PPFE following allogeneic hematopoietic stem cell
transplantation given that majority of patients with PPFE had
simultaneous bronchiolitis obliterans, a typical form of chronic
graft-versus-host disease [35]. Drugs, especially alkylating
agents, can cause PPFE [13, 14]. Beynat-Mouterde et al.
described six patients with upper lobe fibrosis suggestive of
PPFE who had a history of chemotherapy for malignancy
[13]. Among the six patients, five received cyclophosphamide,

while one received other alkylating agents. Moreover, several
studies have revealed that occupational dust exposure, such as
asbestos or aluminum, is associated with PPFE [15, 16, 36,
37]. Interestingly, the response to asbestos in the lung is
thought to be more fibroelastic than fibrotic [38]. Chronic pul-
monary infection is another condition possibly associated with
PPFE [3, 20, 21]. In a series of 12 patients with PPFE, Reddy
et al. showed that seven had recurrent pulmonary infections,
such as aspergillosis, suggesting that recurrent infections may
lead to PPFE [3]. Moreover, Watanabe et al. described patients
with rapidly progressive idiopathic pulmonary upper lobe
fibrosis who had pulmonary mycobacterium avium complex
disease [6]. In addition, PPFE can also develop in patients
with autoimmune diseases. Upper lobe fibrosis or apical pul-
monary fibrosis, which is suggestive of PPFE, has been
observed in patients with ankylosing spondylitis, ulcerative
colitis, and psoriasis [39-42]. Patients with rheumatoid arthri-
tis or Sjogren syndrome have also been found to develop PPFE
[23,27].

Clinical Manifestations

Dry cough and dyspnea on exertion are the most common
symptoms among patients with idiopathic or secondary
PPFE, while weight loss has been frequently observed
among patients with advanced PPFE. Moreover, some
patients complain of chest pain due to pneumothorax. A
“flattened thoracic cage” or “platythorax,” which is a reduc-
tion in the anteroposterior diameter of the chest wall, is often
present especially in advanced stages [42]. Harada et al.,
who assessed the ratio between the anteroposterior and trans-
verse diameter of the thoracic cage using chest computed
tomography (CT) [42], found that it was much lower among
patients with PPFE than among normal subjects and
decreased as the disease progressed with a reduction in force
vital capacity (FVC). Clubbing, which is frequently present
among patients with IPF, is rare among those with
PPFE. Indeed, Ishii et al. reported that only 2 (3.8%) of 52
patients with PPFE exhibited clubbing [7]. Another study
showed that less than half of PPFE cases had audible crack-
les [22]. Particularly, patients with the lower-lobe ILD
exhibit bibasilar crackles.

Laboratory Findings

Studies have shown that patients with PPFE had elevated
serum levels of Krebs von den Lungen-6 (KL-6), a mucin-
like glycoprotein, and surfactant protein D (SP-D), both of
which are biomarkers of ILDs [5, 7, 29, 30, 43-45].
Generally, KL-6 levels remain around or slightly higher than
the upper limit of the normal range, whereas SP-D levels



36 Pleuroparenchymal Fibroelastosis

629

often increase more than twice the upper limit. These obser-
vations suggest that serum SP-D elevation is more conspicu-
ous than that of serum KL-6. Indeed, Sato et al. showed that
among four consecutive iPPFE cases who had markedly
increased serum SP-D levels, three had KL-6 levels within
the normal limit [46]. Patients with PPFE who had simulta-
neous lower-lobe ILD exhibited significantly higher serum
KL-6 levels than those without the comorbidity [7].
Moreover, Oyama et al. demonstrated that patients with
iPPFE had significantly lower serum KL-6 levels than those
with IPF, whereas no difference in serum SP-D levels were
observed between them [47]. Some patients with PPFE have
serum autoantibodies, such as rheumatologic factor, antinu-
clear antibody, myeloperoxidase-antineutrophil cytoplasmic
antibody (MPO-ANCA) [3, 29].

Desmosines are unique amino acids that are derived from
the breakdown of mature elastic fibers. Patients with PPFE
have considerably increased amounts of elastic fiber in their
lungs, which may lead to an elevation of its degradation
products, such as desmosines. With this regard, Oyama et al.
reported that patients with iPPFE had significantly higher
urinary desmosines levels than those with IPF or COPD,
suggesting that urinary desmosines may be a useful diagnos-
tic marker for iPPFE [47].

Respiratory Function

Patients with PPFE usually show a restrictive impairment with
marked decline in FVC on their pulmonary function test. In
addition, total lung capacity (TLC) is also decreased, while the
forced expiratory volume in 1 s (FEV1)/FVCratio is increased.
Importantly, the residual volume (RV)/TLC ratio is generally
elevated, perhaps due to the compensatory hyperinflation of
the lower lobes caused by fibrotic collapse of the upper lobes
[30]. Although diffusing capacity for carbon monoxide (DLc()
is usually decreased, the DLo/VA ratio is relatively preserved
[22, 30]. A comparison among patients with iPPFE showed
that those with coexisting lower-lobe ILD had significantly
lower RV and TLC than those without [8].

During the early stages of PPFE, patients have almost
normal partial pressure of oxygen in arterial blood (PaO,),
which usually decreases during advanced stages.
Importantly, a mild elevation of a partial pressure of carbon
monoxide (PaCO,) is noted [30], resulting in a preserved
alveolar—arterial gradient of oxygen (AaDQ,). Watanabe
et al. speculated that the increased PaCO, in patients with
PPFE results from mechanical restriction due to the sub-
pleural parenchyma rather than concomitant obstructive
lung disease [30]. This peculiar blood gas analysis profile is
distinct from that observed in other ILDs showing a decrease
in both PaO, and PaCO, together with an increased AaDO,.
Moreover, oxygen desaturation on a 6-min walk test

(6MWT) is less frequent in PPFE than in other interstitial
pneumonias, particularly IPF [48]. Among patients with
ILDs registered for lung transplantation, those with PPFE
had significantly smaller oxygen desaturation on the 6 MWT
than those with other ILDs [49].

Collectively, Watanabe et al. reported that the functional
characteristics of PPFE include restrictive impairment with
high RV/TLC which is often accompanied by a mild eleva-
tion of PaCO, and relatively preserved AaDO,, resulting
from subpleural parenchymal fibroelastosis, with a preserved
parenchyma distant from the pleura [30].

Radiologic Features

Patients with PPFE have been shown to usually have marked
thickening in the bilateral apical portions with an upward
shift of hilar structures on chest X-ray (Fig. 36.1a) [1, 22,
50]. Moreover, typical high-resolution computed tomogra-
phy (HRCT) features include bilateral irregular subpleural
dense consolidations and reticulations in the upper lobes and
less marked or no involvement of the lower lobes (Fig. 36.1b)
(Table 36.2) [1, 3], with consolidations often having traction
bronchiectasis with architecture distortion [51]. In advanced
stages, consolidations and reticulations extend to the adja-
cent lobes, while subpleural cysts or bullae are often appreci-
ated. Wedge-shaped pleural-based densities also protrude
along parenchymal septa toward hila [3].

Remarkably, a considerable proportion of patients with
PPFE have been shown to have lower-lobe ILD. Although
Amitani et al. originally described idiopathic pulmonary
upper lobe fibrosis as purely upper lobe-localized fibrosis
[4]. recent studies have reported that 42-92% of patients
with PPFE have coexisting lower-lobe ILD on HRCT
(Table 36.3) [3, 5-9, 23]. The most common HRCT pattern
in lower-lobe ILD is the usual interstitial pneumonia (UIP)
pattern. Interestingly, Ishii et al. reported that five of eight
patients with PPFE who initially had no fibrotic lesions in
the lower lung fields developed lower-lobe ILD during the
follow-up period, suggesting that the lower-lobe ILD may
develop as the disease progresses [7].

Radiological PPFE-like lesions have been reported in a
variety of ILDs other than PPFE [17-19, 52]. Oda et al.
observed radiological PPFE-like lesions, defined as pleural
thickening with associated subpleural fibrosis concentrated
in the upper lobes, in 11 (10%) of 110 patients with IPF [17].
Moreover, radiologic PPFE-like lesions were found in 21
patients (19%) of 113 patients with CTD-associated ILD
[18]. Interestingly, the presence of PPFE-like lesions was
associated with poor prognosis. Furthermore, marked PPFE-
like lesions on HRCT, which were associated with impaired
lung function and increased mortality, were found in 23% of
233 patients with hypersensitivity pneumonitis [19].
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Fig. 36.1 (a) Chest radiograph of a patient with idiopathic pleuropa- ume loss and trachea deviation are also observed. (b) High-resolution
renchymal fibroelastosis (iPPFE) showing bilateral pleural thickening —computed tomography (HRCT) showing bilateral subpleural consolida-
and parenchymal bands in apical portions accompanied by reticular and  tion with pleural thickening

ground-glass opacities with left-lung predominance. Upper lobe vol-

Table 36.2 High-resolution * Subpleural dense consolidations and reticulations predominantly in the upper lobes
computed tomography findings

of pleuroparenchymal
fibroelastosis

» Upper lobe volume loss

* Subpleural cysts in the advanced stages

* Occasional reticulations and/or honeycombing in the middle or lower lobes (UIP or
NSIP features)

* UIP, usual interstitial pneumonia; NSIP: Nonspecific interstitial pneumonia

Table 36.3 Incidence and patterns of radiological coexisting lower-lobe interstitial lung disease in pleuroparenchymal fibroelastosis

Number of cases with coexisting

Author Year Case number lower-lobe ILD Patterns of lower-lobe ILD

Redy, et al. [3] 2012 12 6 (50%)

Watanabe, et al. [6] 2012 9 8 (89%)

Nakatani, et al. [23] 2015 12 11 (92%) UIP 5
Possible UIP 4
NSIP 1
Undefined 1

Enomoto, et al. [5] 2017 44 39 (89%)

Ishii, et al. [7] 2018 52 43 (83%)

Kato, et al. [9] 2019 36 27 (75%) UIP 15
Possible UIP 7
NSIP 5

Kono, et al. [8] 2019 40 21 (53%) UIP 13
Non-UIP 8

ILD interstitial lung disease, UIP usual interstitial pneumonia, NSIP nonspecific interstitial pneumonia, /P hypersensitivity pneumonitis
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Pathologic Features

Originally, Frankel et al. demonstrated markedly dense fibro-
sis of the pleura and subpleural parenchyma in PPFE [1].
Fibrosis of the subpleural parenchyma is characterized by
intra-alveolar fibrosis with prominent deposition of elastic
fibers (fibroelastosis) (Fig. 36.2) (Table 36.4). An abrupt
border between the fibrotic parenchymal areas and adjacent
normal parenchyma is noted. A few fibroblastic foci at the
interface of the fibrotic lesions and mild lymphocytic inter-
stitial inflammation are also present [31]. In addition, bron-
chocentric intra-alveolar fibrosis is occasionally seen [3].
Fibrotic parenchymal lesions in PPFE are very similar to
those of the pulmonary apical cap, and distinguishing
between both has been histologically difficult. As described
previously, although patients with PPFE often have the
lower-lobe ILD, a few studies have focused on histologic
findings of lower-lobe ILD in PPFE [27, 53, 54]. Accordingly,
Nunes et al. reported that among four biopsy-confirmed
patients with PPFE who had lower-lobe ILD, three exhibited
a UIP pattern in the lower lobes, suggesting that a UIP pat-
tern is a common histologic finding in lower-lobe ILD of
PPFE [27].

Fig.36.2 (a) Surgical lung biopsy specimens from a patient with idio-
pathic pleuroparenchymal fibroelastosis (iPPFE). A lung section of the
left upper lobe stained with hematoxylin and eosin showing subpleural
fibrosis with an abrupt transition to normal lung parenchyma and fibro-
blastic foci. (b) A lung specimen with Elastica van Gieson (EVG) stain-

One study showed that patients with PPFE have more
lymphatic vessels in the lung of compared to those with an
apical cap and IPF [55]. Notably, Enomoto et al. tested
immunostaining markers that could distinguish PPFE from
IPF or apical cap and found that podoplanin-positive myofi-
broblasts could be a pathologic hallmark of PPFE [56]. They
hypothesized that “pleural” mesothelial-to-mesenchymal
transition is associated with the fibrosis in PPFE given that
podoplanin is usually expressed in mesothelial cells but not
myofibroblasts.

Recent studies have shown that histologic PPFE patterns
can also be found in other ILDs, such as IPF [17, 18, 52, 54,
57, 58]. Indeed, Oda et al. observed a histologic PPFE pat-
tern in 9 (8.2%) of 110 consecutive patients with biopsy-

Table 36.4 Pathologic findings of pleuroparenchymal fibroelastosis

* Dense subpleural intra-alveolar fibrosis with elastic fiber
deposition (sharp transition between fibrotic lesions and the
normal lung)

* Fibrous visceral pleural thickening (apical portions or upper
lobes)

* Mild lymphocytic inflammation

« Fibroblastic foci (rare, at the fibrotic lesion interface)

¥

ing demonstrating depositions of dense elastic fibers (elastosis) and
intra-alveolar collagen fibers in the subpleural fibrotic lung lesion (b).
These features of PPFE on EVG staining are different from those of
UIP, which show architectural destruction of normal alveoli. Pleural
fibrosis is also observed
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confirmed IPF [17]. In addition, Kinoshita et al. reported that
11 (22.9%) of 48 patients with biopsy-confirmed IPF exhib-
ited a histologic PPFE pattern [58]. However, the extent of
the subpleural parenchymal fibroelastosis in patients with
IPF was much smaller than that in patients with
PPFE. Moreover, histologic PPFE pattern was identified in
50% of 24 patients with CTD-associated ILD [52]. These
observations suggest that the histologic PPFE patterns may
indicate chronic lung injury, similar to UIP pattern, and are
focally observed in association with a variety of conditions
[54].

Diagnosis

Although several radiological and histological criteria for
PPFE or PPFE pattern have been proposed [3, 31], no con-
sensus regarding the diagnosis of iPPFE has yet been estab-
lished. A definitive diagnosis of iPPFE ideally requires
histologic confirmation of PPFE features following surgical
lung biopsy. However, surgical lung biopsy is usually not
feasible considering that patients with iPPFE, especially
those with advanced diseases, have severe pulmonary func-
tion impairment and often develop persistent post-operative
pneumothorax. Recent studies have demonstrated the diag-
nostic utility and safety of transbronchial lung biopsy
(TBLB) and transbronchial lung cryobiopsy (TBLC) for
iPPFE [59, 60]. However, given that these studies included
only a small number of patients, a larger cohort of patients
with iPPFE is needed to validate their findings. Therefore,
clinical criteria without surgical lung biopsy have been
desired for the diagnosis of iPPFE. Enomoto et al. recently
proposed the following clinical criteria for iPPFE: (1) a
radiologic PPFE pattern on chest CT (defined as bilateral
subpleural dense consolidation with or without pleural thick-
ening in the upper lobes and less marked or absent involve-
ment of the lower lobes, (2) radiologic confirmation of
disease progression, and (3) exclusion of other lung diseases
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with identifiable etiologies [5]. More recently, the Study
Group on Diffuse Pulmonary Disorders in Japan has pro-
posed a more comprehensive criteria for iPPFE, which con-
sist of the following four categories: “definite iPPFE,”
“radiologically and physiologically probable iPPFE,” “radio-
logically probable iPPFE,” and ‘“radiologically possible
iPPFE” (Box 36.1 and Table 36.5) [61]. “Definite iPPFE”
requires surgical lung biopsy, whereas “radiologically and
physiologically probable iPPFE,” “radiologically probable
iPPFE,” or “radiologically possible iPPFE” do not. Currently,
validation studies of the aforementioned criteria are being
undertaken.

Box 36.1 Diagnostic Criteria for Idiopathic
Pleuroparenchymal Fibroelastosis (iPPFE) Proposed by
the Study Group on Diffuse Pulmonary Disorders in
Japan [62]

e Definite iPPFE (with surgical lung biopsy)

1. Multiple subpleural foci of airspace consolida-
tion with traction bronchiectasis located pre-
dominantly in the bilateral upper lobes on
high-resolution computed tomography (HRCT)
scans.

2. Subpleural zonal or wedge-shaped dense fibro-
sis consisting of collapsed alveoli and collagen-
filled alveoli with septal elastosis, with or
without collagenous thickening of visceral
pleura in surgical lung biopsy specimens.

3. Exclusion of other diseases with known causes
or conditions showing radiological and/or histo-
logical PPFE patterns, such as chronic hyper-
sensitivity ~ pneumonia, connective  tissue
diseases, occupational diseases, and hematopoi-
etic stem cell or lung transplantation-related
lung diseases.

Table 36.5 Summary of the diagnostic criteria for idiopathic pleuroparenchymal fibroelastosis [61]

Category of criteria® Symptoms
Definite iPPFE

Radiologically and physiologically probable iPPFE o)
Radiologically probable iPPFE @)

Radiologically possible iPPFE

Symptoms: dry cough or exertional dyspnea with insidious onset

Radiology
Histology 1 2 Physiology
O O

©) ®) ©)

O O

O

Histology: subpleural zonal or wedge-shaped dense fibrosis consisting of collapsed alveoli and collagen-filled alveoli with septal elastosis
Radiology 1: subpleural airspace consolidation with traction bronchiectasis in the upper lobes
Radiology 2: bilateral upward shift of hilar structures and/or volume loss in the upper lobes. Physiology: “RV/TLC% pred. >115%” and/or

“BMI < 20 plus RV/TLC% pred. >80%”

2 All categories need exclusion of other diseases with known causes or conditions showing radiological and/or histological PPFE patterns, such as
chronic hypersensitivity pneumonitis, connective tissue diseases, occupational diseases, and hematopoietic stem cell or lung transplantation-

related lung diseases
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If all the above three criteria are met, definite iPPFE
is diagnosed. If the lower lobes are involved by fibro-
sis, multidisciplinary discussion is necessary for the
final diagnosis.

Radiologically and physiologically probable
iPPFE (without surgical lung biopsy)

1.

Dry cough or exertional dyspnea with insidious
onset.

. Multiple subpleural foci of airspace consolida-

tion with traction bronchiectasis located pre-
dominantly in the bilateral upper lobes on HRCT
scans.

. Upward shift of the bilateral hilar structures on

chest radiographs and/or volume loss of the
upper lobes on HRCT scans.

Exclusion of other diseases with known causes or
conditions showing radiological and/or histologi-
cal PPFE patterns, such as chronic hypersensitiv-
ity pneumonia, connective tissue diseases,
occupational diseases, and hematopoietic stem
cell or lung transplantation-related lung diseases.

. Percentage of predicted values of the ratio

between residual volume and total lung capacity
(RV/TLC %pred.) 2 115%.

. Body mass index <20 kg/m [2] and RV/TLC

%opred. > 80%.

If criteria 1, 2, 3, 4, and 5 or 6 are satisfied, radio-
logically and physiologically probable iPPFE is
diagnosed.

Radiologically probable iPPFE (without surgical
lung biopsy)

1.

Dry cough or exertional dyspnea with insidious
onset.

Multiple subpleural foci of airspace consolida-
tion with traction bronchiectasis located pre-
dominantly in the bilateral upper lobes on HRCT
scans.

Upward shift of the bilateral hilar structures on
chest radiographs and/or volume loss of the
upper lobes on HRCT scans.

Exclusion of other diseases with known causes or
conditions showing radiological and/or histologi-
cal PPFE patterns, such as chronic hypersensitiv-
ity pneumonia, connective diseases, occupational
diseases, and hematopoietic stem cell or lung
transplantation-related lung diseases.

If all aforementioned criteria are satisfied, radio-

logically probable iPPFE is diagnosed.
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¢ Radiologically possible iPPFE (without surgical
lung biopsy).

1. Multiple subpleural foci of airspace consolida-
tion with traction bronchiectasis located pre-
dominantly in the bilateral upper lobes on HRCT
scans.

2. Exclusion of other diseases with known causes or
conditions showing radiological and/or histologi-
cal PPEE patterns, such as chronic hypersensitiv-
ity pneumonia, connective diseases, occupational
diseases, and hematopoietic stem cell or lung
transplantation-related lung diseases.

If both criteria are satisfied, radiologically possible
iPPFE is diagnosed. Radiologically possible IPPFE
includes an apical cap with neither symptoms nor
long-term progression in addition to the early and
localized stages of iPPFE.

Differential diagnoses include a variety of diseases with
upper lobe pleural thickening and/or fibrosis (Table 36.6),
with pulmonary apical cap being one of the difficult condi-
tions to differentiate. Both radiologic and histologic features
of the apical cap are very similar to those of iPPFE. However,
the apical cap usually occurs in older males with a history of
smoking, whereas iPPFE affects relatively younger non-
smokers with no gender predisposition. Moreover, the apical
cap commonly shows a localized upper lobe lesion, whereas
iPPFE, despite having upper lobe predominance, often exhib-
its a more extended distribution beyond the upper lobes. Most
importantly, patients with an apical cap usually do not show
disease progression over time, unlike those with iPPFE. Other
differential diagnoses include chronic hypersensitivity pneu-
monitis and radiation-induced pneumonitis. Furthermore, to
diagnose iPPFE, secondary PPFE, such as drug-induced and
post-transplant PPFE (Table 36.1), must be excluded.

Another difficulty encountered when diagnosing iPPFE is
distinguishing between this disease and other types of ILDs

Table 36.6 Differential diagnoses of idiopathic pleuroparenchymal
fibroelastosis

* Pulmonary apical cap

 Chronic hypersensitivity pneumonitis
* Advanced fibrosing sarcoidosis

» Radiation-induced pneumonitis

* Other ILDs (e.g., IIPs) with PPFE-like lesions in the upper
lobes

* Secondary PPFE (see Table 36.1)

PPFE pleuroparenchymal fibroelastosis, /LD interstitial lung disease,
IIPs idiopathic interstitial pneumonias
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with radiologic PPFE-like lesions or a histologic PPFE pat-
tern in the upper lobes given that certain patients with other
ILDs, such as IPF and CTD-ILD, show radiologic PPFE-like
lesions or a histologic PPFE pattern [17-19, 51, 52, 55, 58,
59]. In addition, a majority of patients with iPPFE often have
lower-lobe ILD [3, 5-9, 24]. Thus, for patients with both
upper- and lower-lobe fibrosis, determining upper lobe pre-
dominance, which is essential for the diagnosis of iPPFE, is
occasionally challenging. Under such circumstances, MDD
is necessary.

Treatment

To date, no effective treatments for iPPFE or secondary
PPFE have been established.

Corticosteroids, immunosuppressants, or N-acetyl cyste-
ine have been shown to achieve no improvement or, if any,
transient response [48, 62, 63]. Nonetheless, very prelimi-
nary observations have suggested that anti-fibrotic agents,
pirfenidone and nintedanib, might have some benefit [64,
65]. Sato et al. reported that pirfenidone treatment was fol-
lowed by FVC stabilization in a patient with iPPFE [64].
Moreover, Nasser et al. showed that nintedanib treatment in
five patients with PPFE, among whom three had iPPFE and
two had PPFE secondary to chemotherapy, was followed by
reduced FVC decline in all patients [65]. However, given
that these studies included only a small number of patients,
prospective studies including a larger cohort are needed to
confirm their findings. Although several reports have recently
demonstrated that lung transplantation may be an effective
treatment option for iPPFE and secondary PPFE [62, 66-71],
evidence has still been limited. Owing to reports of recurrent
infections among patients with PPFE, such as aspergillosis
and non-tuberculosis mycobacterial infection [3], infection
control should be taken into consideration in such cases.

Prognosis

The prognosis of PPFE is heterogenecous. Yoshida et al.
reported two patterns of disease progression: rapid FVC
decline over a short time period and slow decline over a long
period [72]. However, clinical differences at the baseline had
not been described in detail between the two patterns. They
speculated that, in patients with PPFE, FVC decline gradu-
ally to a certain point in time, after which FVC begins to
drop rapidly. To date, several studies have performed sur-
vival analysis among patients with PPFE [5, 8, 9, 25, 72, 73],
subsequently revealing 5-year survival rates and median sur-
vival durations ranging from 29% to 58% and 2.0-8.0 years,
respectively, with wide variability (Table 36.7). Although a

few studies have directly compared the prognosis between
PPFE and other ILDs, such as IPF, Fujisawa et al. reported
that patients with iPPFE had significantly shorter survival
than those with IPF [25]. Collectively, these observations
suggest that PPFE seems to have a poor prognosis.

Several prognostic factors have been identified. Indeed,
Suzuki. et al. identified male gender and low erector spinae
muscle attenuation (ESMy,) determined through CT imag-
ing as independent factors for poor prognosis among patients
with iPPFE [73]. Similarly, Khiroya et al. found that male
sex was a predictor of increased risk of mortality among
patients with PPFE [53]. Histologically, the coexistence of
granulomas was associated with a significant decrease in
mortality. Moreover, multivariate analysis by Kono et al. and
Kato et al. identified low %FVC and high fibrosis score
assessed through HRCT as factors for poor prognosis in
iPPFE, respectively [8, 9]. Recently, Ishii et al. reported that
serum KL-6 levels were significantly associated with out-
comes in 52 patients with PPFE (48 iPPFE, 4 secondary
PPFE) such that patients with KL-6 levels >600 U/mL
showed significantly shorter survival than those with KL-6
levels <600 U/mL [7]. Given that patients with PPFE usually
have normal upper limits or slightly higher serum KL-6 lev-
els, the increase in KL-6 levels might have been attributed to
the coexistence of lower-lobe ILDs. This suggest that patients
with PPFE who develop lower-lobe ILDs may have poor
prognosis. Similarly, Kono et al. recently demonstrated that
patients with iPPFE who had lower-lobe ILD exhibited
significantly worse survival with higher serum KL-6 levels
than those without the lower-lobe ILD [8]. More importantly,
patients with a lower-lobe UIP pattern had significantly
shorter survival than those with a lower-lobe non-UIP pat-
tern, suggesting that a radiologic UIP pattern in the lower-
lobe ILD 1is an important prognostic determinant.
Accordingly, Kato et al. also described that a lower-lobe UIP
pattern was an independent factor for poor prognosis among
patients with iPPFE [9]. Moreover, patients with iPPFE who
had a lower-lobe UIP pattern tended to exhibit poorer prog-
nosis than those with IPF [17].

During the course of PPFE, two particular conditions
should be considered: pneumothorax and acute exacerba-
tion. Recurrent pneumothorax often occurs especially in
advanced diseases with multiple bullae, with pneumothorax
incidence rates ranging from 17% to 75% [3, 5, 6, 8, 9, 23,
72]. The pneumothorax is often intractable and occasionally
accompanied by pneumomediastinum. Recently, it has
become evident that patients with PPFE develop acute exac-
erbation, as seen in those with IPF [7, 17, 24, 73, 74]. Suzuki
et al. reported that acute exacerbation occurred in 8 (18.6%)
of 43 patients with iPPFE over a median observation period
of 31.1 months [73], while Ishi et al. found acute exacerba-
tion in 7 (13%) of 52 patients with PPFE [7]. Outcomes fol-
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lowing acute exacerbation of PPFE have generally been poor
and often fatal. Moreover, precise annual incidence rates or
risk factors of acute exacerbation have yet to be fully
determined.

Conclusions

PPFE has been recognized as a distinct pattern of pulmonary
fibrosis with characteristic clinical, radiologic, and histo-
logic features. PPFE has been classified as either idiopathic
or secondary. iPPFE is currently characterized as a rare IIP,
while secondary PPFE is associated with diverse conditions,
such as transplantation, dust exposure, autoimmune diseases,
and genetic mutations. Given that a variety of conditions
cause PPFE, it may represent a pattern of chronic lung injury
in response to various stimuli and/or in association with
immune dysregulation and genetic predisposition. However,
the precise pathogenesis has remained undetermined. While
no effective therapy for PPFE has been established, its prog-
nosis remains poor. Recently, awareness for PPFE has con-
siderably increased, leading to studies showing that this
disease is not rare as previously considered and that fibrosis
is not confined to the upper lobes. Practically, validated clini-
cal diagnostic criteria without surgical lung biopsy have
been developed considering that performing lung biopsy in
patients with PPFE is generally discouraged. Future large-
scale studies will be required to further understand the pre-
cise clinical behavior and prognosis of PPFE, as well as
develop effective treatments.

Clinical Vignette

A 73-year-old man, non-smoker, with no occupational
exposure was referred to our hospital due to dry cough,
progressive dyspnea on exertion, and weight loss. His
physical examination revealed low body mass index
(BMI), a flattened thorax, and bilateral fine crackles but
no clubbed fingers or skin lesions. Serum KL-6 was
slightly increased (563 IU/mL) (normal range:
<500 IU/mL), while serum SP-D was remarkably ele-
vated (372 ng/mL) (normal range: <110 ng/mL).
Serological tests revealed no autoantibodies. Pulmonary
function test showed low forced vital capacity (FVC)
(39.9% predict.), low forced expiratory volume in 1 s
(FEV)) (49.8% predict.), normal FEV,/FVC 100%,
increased residual volume (RV) (160.5% predict.), and
high RV/total lung capacity (TLC) (157.7%). Diffusing
capacity for carbon monoxide (DLqy) was decreased
(70.4%). Blood gas analysis at room air showed
decreased partial pressure of oxygen in arterial blood
(Pa0,) (68 Torr) and slightly increased partial pressure
of carbon monoxide (PaCO,) (51 Torr). Chest radiogra-
phy and computed tomography exhibited bilateral api-
cal pleural thickening with parenchymal bands and
reticulations in the upper lobes (Fig. 36.3a and b).
Some reticular opacities were also found in the lower
lobes. Based on these findings, idiopathic pleuroparen-
chymal fibroelastosis (iPPFE) was suspected, after
which a video-associated thoracoscopic surgical lung

Tl

Fig.36.3 Chest X-ray (a) and coronal section of a chest CT (b) of a patient with idiopathic pleuroparenchymal fibroelastosis. Upward shift of the
bilateral hilar structures on chest x-ray and volume loss of the upper lobes on HRCT scan
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biopsy was conducted to confirm the diagnosis. The
biopsy revealed marked thickening of the visceral
pleura and subpleural parenchymal intra-alveolar fibro-
sis with massive deposition of elastic fibers, which
were consistent with the histologic pattern of
PPFE. Thus, a diagnosis of iPPFE was established, and
the patient had been followed up without treatment.
During observation, he had developed intractable pneu-
mothorax three times and eventually died of chronic
respiratory failure 3 years after diagnosis.
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