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Abstract. Pleuroparenchymal fibroelastosis (PPFE) is a rare 
and recently described distinct pattern of lung apical fibrosis 
involving the upper lobe parenchyma and pleural dome. 
PPFE has definable and reproducible clinical, radiological 
and histopathological criteria, which allowed its classification 
as an independent interstitial lung disease. Several factors 
have been associated with PPFE, such as chemotherapy, 
especially with alkylating agents. The authors present a case 
of a 34‑year‑old female with previous history of Hodgkin 
lymphoma treated with first line chemotherapy (doxorubicin, 
bleomycin, vinblastine and dacarbazine). The patient had no 
other known comorbidities or relevant exposure to lung irri‑
tants. A total of 2 years after completing cancer treatment, the 
patient developed clinical and radiological features of PPFE. 
Given their previous history of malignancy, a biopsy of the 
lesion was obtained, which confirmed the diagnosis of PPFE. 
The authors present this case to raise awareness of this disease 
and to demonstrate that PPFE can develop months to years 
following chemotherapy treatment. Moreover, to date, none 
of these chemotherapy agents have been associated with the 
development of PPFE.

Introduction

Pleuroparenchymal fibroelastosis (PPFE) is a rare form of 
interstitial lung disease (ILD), characterized by upper zone 

pleural fibrosis with subpleural intra‑alveolar fibrosis and 
alveolar septal elastosis. It was first described in 2004 by 
Frankel et al and is considered to be an independent entity 
among ILDs in the 2013 Classification of Idiopathic Interstitial 
Pneumonias by the American Thoracic Society/European 
Respiratory Society (1,2).

PPFE affects both sexes and may be diagnosed in young 
patients. The clinical course varies as it can progress rapidly 
in certain cases or have an indolent course (3).

Although its physiopathology remains unclear, certain 
factors have been associated with PPFE, including 
chemotherapy. Several cases previously described the asso‑
ciation between PPFE and drugs used to treat malignancy, 
especially alkylating drugs, such as cyclophosphamide and 
carmustine (3‑4). Given the predicted increasing prevalence 
of patients treated with chemotherapeutic agents, PPFE may 
become more common in this population (5). However, there 
is no effective pharmacological treatment and lung transplant 
must be considered in certain cases. Hence, it is important to 
raise awareness of this disease among clinicians.

Case report

A female patient (age, 34 years) was diagnosed with nodular 
sclerosing Hodgkin lymphoma in 2016 (stage II‑A). The patient 
was treated in Hospital Center of São João (Porto, Portugal) 
with first line chemotherapy (doxorubicin, bleomycin, 
vinblastine and dacarbazine) and mediastinal and right axillary 
radiotherapy. The patient had no other relevant comorbidities 
(such as auto‑immune disease), no history of smoking, no 
known relevant occupational or environmental exposure and 
was not prescribed regular medication. In 2018, the patient 
presented with insidious onset exertional dyspnea and reported 
a respiratory tract infection that was treated with antibiotics 
(amoxicillin and clavulanic acid). Physical examination of the 
patient did not result in any relevant findings. Laboratory blood 
tests and blood gas analysis were normal. The patient's lung 
volumes in lung functional tests were within normal range, but 
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the diffusing capacity for carbon monoxide (53%) and adjusted 
alveolar volume (54%) were decreased (6). High‑resolution 
computed tomography (HRCT) of the chest revealed biapical 
subpleural opacity with interstitial thickening and slight upper 
lobe volume loss (Fig. 1). These features were not present 
in previous scans. These changes were subtle, which is also 
the reason why lung volumes in the respiratory function test 
were normal. It was hypothesized that the diffusing capacity 
for carbon monoxide was depressed due to sequelae from 
previous radiotherapy that resulted in changes in lung func‑
tion that may not be seen in CT scan. Given her past history 
of malignancy, a percutaneous transthoracic lung biopsy was 
performed, which revealed pleural fibrosis and subpleural 
and parenchymal fibroelastosis (Fig. 2). Following evaluation 
and discussion among the ILD multidisciplinary team, the 
patient was diagnosed with PPFE. To date, the patient remains 
clinically and functionally stable in follow‑up appointments. 
Hence, the patient has not yet been treated with immunosup‑
pressive therapy.

Discussion

PPFE is a rare and recently described clinical entity. However, 
the number of diagnosed cases has increased as clinicians 

become more aware of this disease (7). Although PPFE 
physiopathology remains unclear, its distinct pattern of 
fibrosis with definable and reproducible clinical, radiological 
and histopathological criteria allowed its classification as an 
independent entity in the 2013 American Thoracic Society 
and European Respiratory Society classification of Idiopathic 
Interstitial Pneumonias, specifically as a rare interstitial 
pneumonia (8,9).

Several factors have been associated with PPFE, including 
chemotherapy, lung and bone marrow transplant, connective 
tissue disease and recurrent pulmonary infections (9). It was 
hypothesized that PPFE may represent a common final pattern 
of response of the lung to multiple types of injury, such as 
recurrent infection, allergen exposure and chemotherapy (9). 
An idiopathic form of PPFE has also been described, as well 
as familial cases.

Clinically, PPFE equally affects both sexes, with a 
proportion of patients being relatively young. PPFE develops 
and progresses rapidly in some cases, whereas other patients 
present with radiological changes years before symptoms 
have occurred (9) The most common features of PPFE are 
dyspnea on exertion, insidious onset dry cough and weight 
loss (3). Pneumothorax is common due to pleural altera‑
tions and can be a complication that is difficult to manage 

Figure 2. Histology specimens. (A and B) Section of upper lobe biopsy displaying fibrous thickening of the visceral pleura and homogeneous, dense intra‑alve‑
olar fibrosis with septal elastosis. Hematoxylin and eosin and stain for elastic fibers were used. Magnification, x100. 

Figure 1. CT images. (A) Axial and (B) coronal chest CT images showing subpleural apical opacities (arrows) with minimal upper‑lobe volume loss. Findings 
are more expressive in the right upper lobe. (C) These changes were not present in previous scans performed 4 years before.
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following lung biopsy. If radiological features are typical 
of PPFE and no other diagnosis is suspected, one should 
consider the risks and benefits of performing a lung biopsy 
for each individual patient since histology is not mandatory 
for PPFE diagnosis (10).

Imaging and histological criteria for the diagnosis of PPFE 
were described in 2012 (10,11). HRCT imaging criteria of 
PPFE can be defined as either ‘definite’ or ‘consistent with’. 
‘Definite’ criteria consist of pleural thickening and subpleural 
fibrosis concentrated in the upper lobes, whereby lower 
lobe involvement is less marked or absent. ‘Consistent with’ 
criteria include upper lobe thickening and subpleural fibrosis; 
however, the distribution of changes are not concentrated in 
the upper lobes, or features of coexisting disease are present 
elsewhere (10).

The histological criteria of PPFE are also defined as either 
‘definite’ and ‘consistent with’. ‘Definite’ criteria include upper 
zone pleural fibrosis with subjacent intra‑alveolar fibrosis, 
accompanied by alveolar septal elastosis. ‘Consistent with’ 
criteria include intra‑alveolar fibrosis, but not those associated 
with significant pleural fibrosis, not predominantly present 
beneath the pleura or not present in an upper lobe biopsy (10).

Drugs associated with lung injury and pleural effusion, 
pleuritis, pleural thickening or fibrosis have been reported in 
this context (7). PPFE has been identified as a complication 
of chemotherapy with alkylating agents such as cyclophos‑
phamide or carmustine. The disease can develop months to 
years after treatment and in some cases, it may be difficult 
to determine a causal connection. Data that support this 
association are: Pre‑therapy normal chest imaging, the 
existence of reports from different countries over multiple 
years that describe the same disease associated with the same 
drugs, different alkylating agents resulting in the same disease 
and the development of PPFE in young individuals, as fibrotic 
disease is more common in the elderly.

Bleomycin is used in models of pleural fibrosis and is 
instilled in the pleural space (7). To the best of our knowledge, 
bleomycin and the other chemotherapy drugs used in the 
present case report has not previously been associated with 
PPFE (7). However, to date, no effective treatment has been 
able to modify the natural course of PPFE. Corticosteroids and 
immunosuppressive agents have been used, but with limited 
efficacy. Lung transplants must be considered in selected 
patients with advanced disease (8).

Although bleomycin and the other chemotherapy agents 
used to treat the present patient have not been implied in the 
etiology of PPFE thus far, this association seems plausible 
since it was observed in a young patient with no known contact 
with other possible causative agents and normal chest imaging 
prior to chemotherapy.

PPFE was diagnosed 2 years after treatment cessation in 
the present case report. The disease may develop several years 
after chemotherapy treatment. A study has shown that the 
interval between the time of drug exposure to onset of PPFE 
symptoms or radiological features ranges from 6 months to 
16 years (7). The present patient also underwent radiotherapy; 
this treatment can induce pneumonitis/fibrose or organizing 
pneumonia. However, since PPFE lesions were observed 
outside of the radiation plan (which excludes the possibility 
of radiation pneumonitis) and PPFE has never been reported 

in this scenario, this does not indicate any relevant role of 
radiation in this particular clinical case.

PPFE has been increasingly diagnosed over recent years 
due to growing awareness of this disease among clinicians. 
This will facilitate greater understanding of the etiology 
of this disease and the development of novel treatment 
approaches to improve patient quality of life and survival 
rate in the future.
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