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Pleuroparenchymal fbroelastosis (PPFE) is a rare, progressive, restrictive lung disease characterized by hypercarbic respiratory
failure. In pediatrics, it has been described in patients with a history of malignancy who have received a bone marrow transplant,
chemotherapy, or radiotherapy. It is characterized by pleural thickening, fbrosis, subpleural elastosis, and intraalveolar collagen
deposits. Survival is poor, and the only therapy is lung transplantation. Here, we report a patient who developed PPFE as a late-
onset pulmonary toxicity after treatment with anticancer chemotherapy for high-risk neuroblastoma (NB).

1. Introduction

Pleuroparenchymal fbroelastosis (PPFE), a rare, pro-
gressive, restrictive lung disease, is characterized by
hypercarbic respiratory failure. In pediatrics, the condition is
characterized by pleural thickening, fbrosis, subpleural
elastosis, and intraalveolar collagen deposits, and cases have
been reported in patients with malignancy who have re-
ceived a bone marrow transplant, chemotherapy, or ra-
diotherapy. Lung transplantation remains the only therapy,
however, and survival is poor [1–5]. Here, we report a pa-
tient who developed PPFE with pectus excavatum, which is
considered a late-onset pulmonary toxicity after multiple
chemotherapies for high-risk neuroblastoma (NB).

2. Case Presentation

Te patient was diagnosed with stage four, high-risk ret-
roperitoneal NB at age 1.5 years. Treatment consisted of
high-risk NB treatment per the Japan Childhood Cancer

Group Neuroblastoma Committee (JNBSG) protocol JN-H-
07. She underwent fve cycles of induction chemotherapy
including cyclophosphamide, vincristine, pirarubicin, and
cisplatin followed by high-dose chemotherapy with hema-
topoietic stem cell rescue (HDC) using peripheral blood
stem cells as consolidation therapy which also included
melphalan, etoposide, and carboplatin. Te primary tumor
was surgically removed after induction therapy and HDC.
Te postoperative radiotherapy for the primary tumor site
was performed.

She has since remained in frst complete remission.
However, she also developed sensorineural hearing loss and
growth retardation associated with multidrug chemotherapy
for high-risk NB. Two years after onset, follow-up chest
computed tomography (CT) showed thickening of the
pleura in the bilateral upper lobes although she did not show
any symptoms (Figures 1(a) and 1(b)). She complained of
gradually worsening dry cough, shortness of breath, and
dyspnea on exertion. During the next 5 years, regular chest
roentgenogram revealed increased pulmonary infltrates,
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volume loss predominantly in the upper lung, pleural
thickening, and severe mediastinal shift (Figures 2(a) and
2(b)). CT demonstrated pectus excavatum, pleural thick-
ening, and a reticular shadow in the bilateral upper lobes
(Figures 1(a)–1(g)). Physical examination demonstrated
pectus excavatumwhich was not evident at a diagnosis of NB
(Figure 3). Te patient’s body mass index (BMI) was 12.80
(kg/m2). Laboratory blood tests and blood gas analysis were
within normal range. Krebs von den Lungen-6 (KL-6) was
514U/mL (normal <500U/mL). Pulmonary function test
(PFT) showed severe restrictive ventilatory impairment,
with a forced vital cavity (FVC) of 0.47 L (32.9% predicted),
forced expiratory volume in one second (FEV1) of 0.46 L
(35.4% predicted), and FEV1/FVC ratio (FEV1%) of 97.8%.
Given the unclear diagnostic picture, the patient underwent
left-sided video-assisted exploratory thoracoscopy. Te left
upper lobe predominant indicated fbrous-appearing
thickening of the peripheral aspect of the parenchyma.
Tere was no evidence of pleural thickening or infammatory
changes in the parietal pleura at thoracoscopy (Figure 4).
Lung biopsy was not performed due to the risk of refractory

postbiopsy pneumothorax. A diagnosis of PPFE was made,
possibly as a late complication after chemotherapy for NB.

After diagnosis, the patient was started on nutritional
therapy, respiratory rehabilitation, and antifbrotic medi-
cation (pirfenidone) and currently remains clinically and
functionally stable. She is under a careful follow-up with
a view to future lung transplantation.

3. Discussion

In this case study, we report a patient with multiple che-
motherapy for initially treated for high-risk NB who de-
veloped PPFE with pectus excavatum.

Survival rates for most childhood malignancies have
signifcantly improved over the last few decades. Given the
long-life expectancy of childhood cancer patients, however,
attention has now focused on the late sequelae of cancer
treatments on vital organ function, particularly cardiac and
pulmonary conditions and secondary cancer [6].

PPFE is among a newly classifed group of entities
termed idiopathic interstitial pneumonias. Unlike idiopathic

Figure 1: Chest CT images show progressive pleural and pulmonary fbrosis/scarring consistent with PPFE: ((a) 2015 (at the time of
discharge), (b) 2017, (c) 2018, (d) 2019, (e) 2020, (f ) 2021, and (g) 2022 (at the age of 9 years)). CT image shows pleural thickening (red arrow
heads) and bronchiectasis (white arrow), a reticular shadow (blue arrows) localized in the bilateral upper lobes predominant. Pectus
excavatum (yellow arrows) is also observed.
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PPFE, which is relatively common in adults, secondary PPFE
is considerably more common in children, in whom it is
typically associated with a distant history of cancer therapy.
PPFE is characterized by pleural and subpleural paren-
chymal thickening due to elastic fber proliferation with
minimal infammation and most commonly presents with
dyspnea, cough, and/or pneumothorax, although weight
loss, hypoxemia, respiratory failure, and hypercarbia may
also be present. Te clinical course of PPFE is progressive

and prognosis is poor [2, 3]; indeed, an efective treatment is
not available, with most patients with advanced disease
requiring lung transplantation [4, 5].

Although the etiology of secondary PPFE is unclear,
possibilities include chemotherapeutic agents, respiratory
infection, cell-mediated immune responses, either alone or
in combination [7–9]. Nguyen reported a mean time be-
tween chemotherapy and radiation therapy [2] and/or bone
marrow transplantation and clinical presentation of PPFE of
8.4 years (range: 5.6–12.1 years), consistent with the 7 years
in our present case. In their series of PPFE, NB was the most

Figure 2: (a) Chest radiography at 2 years of age (at the time of discharge). (b) Mediastinal shift to the left side due to the volume loss of left
lung (red arrows) at the age of 9 years.

Figure 3: She demonstrates pectus excavatum at the age of 9 years.

Figure 4: Toracoscopy shows left upper lobe-predominant
subpleural and perilobular fbrosis (red arrow heads). Tere was
no evidence of pleural thickening or infammatory changes in the
parietal pleura (white arrow).
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commonly associated childhood malignancy [9], raising the
possibility that some cases of restrictive lung disease re-
ported in NB survivors are due to undiagnosed PPFE.

With regards to diagnosis of PPFE in pediatric patients,
comprehensive evaluation should include a medical history,
physical examination, lab tests, pulmonary function tests,
and imaging. Lung biopsy may be required. When the
clinical history supports a diagnosis of PPFE, pulmonary
function testing, radiography, and biopsy-mediated histo-
pathological confrmation are unnecessary and may in fact
be detrimental. In particular, the risk of extensive subpleural
fbrosis and elastin deposition is reportedly increased in
patients with PPFE, which in turn places them at increased
of iatrogenic pneumothorax, a well-known complication of
lung biopsy [7, 10].

Regarding management, evidence-based guidelines for
PPFE specifc to pediatric patients are limited. While anti-
fbrotic agents such as pirfenidone and nintedanib play a key
role in PPFE management in older adults owing to their
demonstrated efcacy in reducing disease progression and
preserving lung function, their efectiveness and safety in
children awaits further evaluation, particularly with regard
to age-related diferences in long-term efects and safety
[11, 12]. Supportive measures are essential regardless of the
patient age. Travis et al. report the importance of pulmonary
rehabilitation programs, including exercise training, edu-
cation, and psychosocial support, and these can improve
exercise tolerance, dyspnea, and quality of life. Treatment
options such as antifbrotic therapy, supportive measures,
and lung transplantation should be selected based on in-
dividual clinical characteristics, disease severity, and po-
tential risks and benefts. Optimization of management and
outcomes requires close monitoring of disease progression,
lung function, and quality of life [13].

Marked progress over the past two decades in un-
derstanding the biology of NB has led to a refning of risk
stratifcation and treatment modifcations, as refected in
increases in 5-year survival in afected children. Neverthe-
less, survivors are at risk for various treatment-related
complications, or “late efects” [14], which in the re-
spiratory system include pulmonary chronic respiratory
symptoms, abnormal PFT, and bronchiectasis. PPFE may be
presumed with clinical presentation of restrictive lung
disease, dyspnea, cough, or spontaneous pneumothorax
years after treatment for NB, combined with platythorax,
upper lobe pleural and septal thickening, and bronchiectasis
on chest CT. Te improving survival from NB has raised
awareness of the late pulmonary complications of NB
therapy [15].

Tis case highlights the need for particular attention to
PPFE as a late complication after treatment for NB. Early
detection of late complications and therapeutic intervention
are important in the long-term follow-up of NB, but sub-
jective symptoms are nonspecifc, and early recognition is
difcult and requires attention.
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[7] J. H. von der Tüsen, D. M. Hansell, M. Tominaga et al.,
“Pleuroparenchymal fbroelastosis in patients with pulmonary
disease secondary to bone marrow transplantation,” Modern
Pathology, vol. 24, no. 12, pp. 1633–1639, 2011.

[8] C. Beynat-Mouterde, G. Beltramo, G. Lezmi et al., “Pleuro-
parenchymal fbroelastosis as a late complication of chemo-
therapy agents,” European Respiratory Journal, vol. 44, no. 2,
pp. 523–527, 2014.

4 Case Reports in Pediatrics



[9] S. L. Oh, J. W. Lee, S. Y. Yoo et al., “Pleuroparenchymal
fbroelastosis after hematopoietic stem cell transplantation in
children: a propensity score-matched analysis,” European
Radiology, vol. 33, no. 3, pp. 2266–2276, 2022.

[10] C. D. Becker, J. Gil, and M. L. Padilla, “Idiopathic pleuro-
parenchymal fbroelastosis: an unrecognized or misdiagnosed
entity?” Modern Pathology, vol. 21, no. 6, pp. 784–787, 2008.

[11] C. J. Mckinzie, W. A. Gower, J. S. Hagood, and T. J. Vece, “Use
of pirfenidone in pediatric patients with interstitial lung
disease and pulmonary fbrosis,” Pediatric Pulmonology,
vol. 58, no. 8, pp. 2396–2398, 2023.

[12] M. B. Jia and D. A. Fitzgerald, “Pulmonary fbrosis in children
– what have we learnt from studies in adults?” Paediatric
Respiratory Reviews, vol. 23, pp. S1526–S0542, 2023.

[13] J. K. Munchel and B. S. Shea, “Diagnosis and management of
idiopathic pulmonary fbrosis,” Rhode Island Medical Journal,
vol. 104, pp. 26–29, 2021.

[14] D. N. Friedman and T. O. Henderson, “Late efects and
survivorship issues in patients with neuroblastoma,” Children,
vol. 5, no. 8, p. 107, 2018.

[15] H. N. Nguyen, M. P. McBee, C. E. Morin et al., “Late pul-
monary complications related to cancer treatment in chil-
dren,” Pediatric Radiology, vol. 52, no. 10, pp. 2029–2037,
2022.

Case Reports in Pediatrics 5




