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Abstract: Pleuropulmonary blastoma (PPB) is a tumor occurring almost exclusively in infants and
young children. This is the most common primary-lung malignancy in childhood. There is age-
associated progression through a distinctive sequence of pathologic changes, from a purely multicystic
lesion type I to a high-grade sarcoma type II and III. While complete resection is the cornerstone
treatment for type I PPB, aggressive chemotherapy with a less favorable prognosis is associated
with type II and III. DICER1 germline mutation is positive in 70% of children with PPB. Diagnosis
is challenging, as it resembles congenital pulmonary airway malformation (CPAM) in imaging.
Although PPB is an extremely rare malignancy, over the past five years we have encountered several
children diagnosed with PPB in our medical center. Herein, we present some of these children and
discuss diagnostic, ethical, and therapeutic challenges.

Keywords: pleuropulmonary blastoma; DICER1; lung cyst

1. Introduction

Pleuropulmonary blastoma (PPB) the most common primary lung malignancy in
childhood [1]. First recognized in 1988, it is considered a dysembryonic equivalent to em-
bryonal malignancies such as neuroblastoma, hepatoblastoma and other organ-based solid
malignancies of childhood [2]. PPB is a rare tumor, occurring almost exclusively in infants
and young children under 6 years of age, similar to other embryonal malignancies [3].

PPB is unique among developmental malignancies of childhood in its age-associated
progression through a distinctive sequence of pathologic changes from a purely multicystic
lesion to a high-grade sarcoma. Type I PPB is composed of air-filled cysts with primi-
tive mesenchymal cells beneath an intact, benign-appearing epithelium. These cysts can
progress into type II PPB, in which the mesenchymal cells overgrow the septa, producing a
cystic and solid neoplasm. Type III PPB is an exclusively solid sarcomatous neoplasm [2,3].

There is strong evidence for progression from type I to type II and type III PPB. Type
Ir (regressed) PPB is a purely cystic lesion, microscopically devoid of subepithelial septal
primitive cells, and it is considered to have a lower risk for neoplastic progression [4,5]. The
pathological progression in the PPB types correlates with both age at diagnosis and clinical
outcome [5]. Type I and type Ir present at a younger age, and the prognosis is favorable,
with a 5-year survival of 98% and 100% of patients, respectively. Type II and type III PPB
are typically diagnosed in older children, with 5-year-overall-survival estimates of 75% and
53%, respectively [6].

Type I PPB may present with respiratory symptoms such as cough, dyspnea, chest
pain or abdominal pain. Chest X-rays may show signs of pneumonia, and some cases
may present with difficulty in breathing, from a pneumothorax or a large lung cyst, or
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a PPB can also present as an incidental radiologic finding of a lung cyst. The purely
cystic type I PPB can be easily mistaken for other congenital lung malformations such as
congenital pulmonary airway malformation (CPAM), as CPAM origins can be from the
acinar structures of the lungs, thus creating a multiseptated cystic lesion similar to type I
PPB. The diagnosis of type I PPB should be considered in the evaluation of any multicystic
specimen of peripheral lung from young children. The final diagnosis requires meticulous
pathological examination.

Given the rarity and clinical heterogeneity, it is still unclear what is the optimal
therapeutic approach. The treatment for type I and type Ir PPB evolved over time; most
cases are treated with surgical resection alone, while in some cases adjuvant chemotherapy
is added. Most type Ir PPBs are followed clinically after complete surgical resection, due to
the low risk of tumor progression. Cases of type I PPB are treated with oncologic surgery
alone. In cases of suspected incomplete resection or unresectable lesion, chemotherapy is
added [7]. A recent study found that adjuvant chemotherapy in cases of complete resection
in type I PPB was found to be protective, with lower rate of recurrence of progression
compared to surgery alone [8]. Type II and type III PPB have a more aggressive clinical
behavior, requiring both surgery and chemotherapy [9].

PPB may be associated with other unique malignant syndromes. An important discov-
ery was the identification of the pathogenic germline DICER1 variants as the first known
genetic causes of PPB familial syndrome [10], and these variants are found in 70% of pa-
tients with all types of PPB. DICER1 is inherited in an autosomal dominant condition with
variable penetrance. In addition to PPB, DICER1 syndrome includes, among others, Wilms’
tumor, cystic nephroma, clear cell sarcoma, ovarian Sertoli-Leydig cell and granulosa cell
tumors, testicular Sertoli-Leydig cell tumors, medulloblastoma, neuroblastoma, seminoma
germ cell tumors, pituitary blastoma, pineoblastoma, ciliary body medulloepithelioma,
thyroid nodular hyperplasia, papillary and follicular thyroid carcinomas, rhabdomyosar-
coma, fibrosarcoma, Ewing sarcoma, osteosarcoma, hepatoblastoma and hepatocellular
carcinoma cancer and pineoblastoma [11]. Germline DICER1 mutations are also associ-
ated with non-neoplastic conditions, including macrocephaly, retinal abnormalities, renal
anomalies, dental perturbations, and GLOW syndrome (global developmental delay, lung
cysts, overgrowth and Wilms’ tumor) [12]. DICER1 is an important gene, located on chro-
mosome 14q32.13 in the biogenesis of microRNAs, a class of small RNA molecules essential
in organ development and suppression of neoplasia [13]. Deficient microRNA suppression
can lead to oncogenic transformation [14]. In contrast to loss-of-function germline DICER1
mutations, missense mutations in the RNase IIIb domain of DICER1 are found as ‘second
hits’ in tumors associated with germline mutations [15].

The International PPB/DICER1 Registry (IPPBR) was founded in 1987 to advance
research and improve outcomes for children with PPB and DICER1 syndrome. The registry
allows free central-pathology review in questionable cases, review of records in a stan-
dardized method, longitudinal follow-up and worldwide collaboration. Since its inception,
more than 800 patients from 47 countries have enrolled in the registry [9]. The registry’s
research includes efforts to define optimal therapy regimens for PPB and DICER1-related
cancers and to discover new therapies for DICER1-related cancers, develop new ways
to diagnose children with DICER1-related cancers and present surveillance guidelines
for patients with germline DICER1 mutations [16]. Based on information collected from
the registry, a study by Hill et al. identified germline loss-of-function DICER1 mutations
affecting the RNase IIIb domain in affected families with PPB and a spectrum of other
tumors in the DICER1 syndrome [10].

Although PPB is considered a rare malignancy, several children have been diagnosed
with PPB in our medical center in the last 5 years. We present some of these cases, clinical,
radiological, pathology and genetic-testing findings, and discuss challenging questions
that were raised regarding diagnosis, optimal management and treatment.
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1.1. Patient No 1

A 6-day-old term girl presented with severe respiratory distress and a large pneu-
mothorax on the right side, requiring chest drainage and a prolonged course of treatment,
including intubation (Figure 1a). Chest computed tomography (CT) showed a pneumoth-
orax and a cystic mass on the right upper lobe (Figure 1b). Although lobectomy was
recommended, she underwent segmentectomy on day 11 of life. The pathologic diagno-
sis was CPAM type 4. Due to the early pneumothorax and normal prenatal ultrasound,
pleuropulmonary blastoma was suspected. Genetic counseling revealed DICER1 germline
mutation. We consulted the IPPBR, and they revised the pathologic specimen. Based on the
cellularity and hyperchromasia of spindle cells within the cyst walls, a diagnosis of type I
PPB was confirmed (Figure 2). Completion lobectomy, chemotherapy or close follow-up
were suggested as treatment options. The parents chose a follow-up regimen. Nine months
later, a new bullous lesion (6 mm) appeared in the right upper lobe (RUL) (Figure 1c).
Consequently, a completion RUL lobectomy was performed. The patient received no
chemotherapy. Currently she is under close monitoring in our pediatric pulmonology
and haemato-oncology units, with the periodic evaluations of a DICER1-positive patient,
including chest CT scans. She is now 5-year PPB-event free, and thriving.
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Figure 1. Six-day-old infant with respiratory distress. (a) Chest X-ray on day two of life: cystic lesion
and tension pneumothorax on the right. (b) Chest CT without IV contrast performed on the same
day, axial image: multicystic lesion and adjacent pneumothorax on the right hemithorax. (c) Chest
CT performed 9 months later, with tiny cystic lesion on the right (arrow).
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Figure 2. Pathology specimen of the cystic lung lesion in case number 1 (H&E). Alveolar cell (thin
black arrow) and spindle cell (thick black arrow).

1.2. Patient No 2

A 2-day-old term girl presented with severe respiratory distress. Chest X-ray showed
large multicystic lesion on the left hemithorax with compressive atelectasis of the lung,
small pneumothorax and mediastinal shift to the right (Figure 3a). Prenatal follow-up was
normal. An urgent thoracoscopy and positioning of chest tube was performed, followed
by CT angiography (CTA) that better delineated the same findings, suggestive of type 1
PPB (Figure 3b). Under left thoracotomy she underwent left lower-lobe lobectomy with
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complete resection of the mass. The pathologic diagnosis was type 1 PPB, positive DICER1
in the specimen (using PCR amplification with full exonic coverage, followed by NGS
sequencing), but negative DICER1 germline. More than a year later, she is well.
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CTA: Large multilocular cystic lesion in the right lower hemithorax, with mediastinal shift to the
right. There is an atelectasis of the left upper lung and apical pneumothorax.

1.3. Patient No 3

A 3-year-old healthy boy experienced increasing weakness and shortness of breath
several weeks after a febrile upper-respiratory disease. He lost 1 kg of weight. A chest
X-ray performed in the community showed complete opacification of the right hemithorax
(Figure 4a), and he was referred to the hospital. A chest CTA revealed a large tumor
occupying most of the right hemithorax, without any aeration of the lung (Figure 4b).
Most of the tumor was solid hypodense tissue, with some cysts on the periphery. An
ultrasound study was able to better delineate the multicystic hemorrhagic nature of the
tumor (Figure 4c). A biopsy was taken under sonographic guidance and the pathologic
diagnosis was type II PPB with foci of RMS (rhabdomyosarcoma). The DICER1 germline
was positive, and staging with FDG PET-CT (2-[(18)F]-fluoro-2-deoxy-d-glucose positron
emission tomography-computed tomography showed no metastases (Figure 5). The tumor
was unresectable, and the patient received neoadjuvant chemotherapy with IVADo (Ifos-
famide, vincristine, actinomycin-D, and doxorubicin) followed by resection of the tumor,
which was pleural based. He received completion chemotherapy of up to 12 courses. There
was 80% tumor necrosis in the final specimen. After 3 years of follow up, both clinical and
with CTA, there is no recurrence (Figure 4d). The DICER1 germline mutation was positive
in the patient’s father and in his three siblings. The siblings were all asymptomatic. They
all underwent CTA of the chest, with the following findings:
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Figure 4. Six-year-old boy with progressive shortness of breath, fatigue and weight loss. (a) Chest
X-ray: Opacification of the upper two thirds of the right upper hemithorax by a pleural-based lesion.
There is a slight shift of the trachea to the left, and a caudal shift of the right diaphragm. (b) Coronal
image of CTA showing large aberrant vessels within the lesion. (c) Sonographic gray-scale high-
resolution image of the lesion (linear array transducer) shows the cystic/solid nature of the lesion.
(d) Coronal image of CTA at the end of treatment, showing no evidence of recurrent disease.

1.4. Patient No 4

Nine-year-old girl (the older sister of patient no 3): complex cystic lesion with aberrant
vessels within the cyst septa located in the right upper lobe (Figure 6a). We suspected
that this lesion might be PPB, and consulted the International Pleuropulmonary Blastoma
registry team. They agreed, and suggested lobectomy.
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1.5. Patient No 5

Six-year-old boy (older brother of patient no 3): two purely cystic lesions, one in the
right middle lobe (diameter of 4 cm) and a smaller cyst in the left lower lobe (Figure 6b,c).
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1.6. Patient No 6

Fifteen-month-old boy (younger brother of patient no 3): two purely cystic lesions,
one in the right lower lobe (diameter of 0.6 cm) and a second cyst (diameter of 1 cm) in the
left lower lobe (Figure 6d).

We consulted the IPPBR team about the other three siblings as well; they considered
the lesions to be a type I PPB, and resection was suggested.

The parents were given the complete information about the findings and the consul-
tations. They decided to proceed with a more conservative approach, with clinical and
radiological follow up only. Two years later, the children are healthy, and the radiological
findings are stable.

2. Discussion

We presented six children with either proven PPB or DICER1-related cystic lung
disease suspected to be PPB, all treated in our hospital within the last 5 years. This cluster
of patients raised our awareness about this rare tumor and the diagnostic and management
challenges it brings. Timely diagnosis and resection of type I PPB is crucial, but this entity
is elusive, masquerading as a lung malformation, or growing silently in DICER1-germline-
positive patients. We summarize some of the challenges we dealt with while treating
these patients.

2.1. Challenge No 1

Can we differentiate CPAM from type 1 PPB, based on clinical aspects and imaging?
Differentiating the entities may influence management. There are different approaches

for the management of CPAM. Some centers advocate an aggressive approach by resection
of all lesions, in fear of future progression to malignant PPB. Others choose to follow up,
advocating that PPB is a rare entity and CPAM 1–3 are benign lesions that will not progress
to PPB [17]. The real concern is CPAM type 4 that might progress to type I PPB, so defining
clues for diagnosis will allow for more judgmental choice of management.

Imaging alone cannot differentiate CPAM type 4 from type I PPB [5,17,18]. In a recent
retrospective study by Engwall-Gill et al., nine pediatric radiologists reviewed the CT
scans of patients with postnatal cystic lesions, and could not find any specific imaging
characteristics that could safely differentiate type I PPB from congenital lung malformation.
The sensitivity for diagnosis of PPB was 58%, with a specificity of 83%, with poor interrater
reliability (κ = 0.36; p < 0.01) [19].

What are the differences between CPAM type 4 and type I PPB? Dehner et al. stated
that CPAM type 4 and type I PPB are in fact synonymous, and, due to the concern of
progression from type I PPB to the malignant type II and III PPB, it would be wiser to
define these lesions as type I PPB rather than CPAM 4, and thus promote a more aggressive
approach toward oncologic resection and genetic counselling [20].

In Feinberg A. et al., the IPPBR team summarized their experience with the goal of
answering this question. Overall, 112 cases of type I PPB gathered in the registry between
2002 and 2013 and 103 cases of CPAM that were resected in the same institution during
the same period were reviewed. Features favoring CPAM were prenatal diagnosis, and
CTA findings of a systemic feeding vessel and hyperinflated lung. Features that raised
the suspicion of PPB were multi-segmental or bilateral lesions and the absence of prenatal
ultrasonography findings [18].

In our first two patients, the suspicion of type I PPB was high, due to the early
symptomatic cystic lung lesion and normal prenatal follow up. In the recent IPPBR report,
85% of type I PPB cases were symptomatic at presentation, 32% with pneumothorax [18].
The positive-DICER1 germline mutation further confirmed our concern. We consulted the
IPPBR, which supported our diagnosis of type I PPB. In the family with four children with
DICER1 (patients 3–6), two of the three asymptomatic siblings have bilateral cystic lesions,
and thus they are highly likely to having type I PPB.
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2.2. Challenge No 2

What are the indications for DICER1 germline testing? Any congenital cystic lesion?
Only in cases that are highly suspicious? Only in pathology-determined PPB?

In 2016, the IPPBR convened an international DICER1 symposium and published a
consensus paper on the indications for testing and the surveillance advised for DICER1-
positive children [16]. The paper presents recommendations for genetic testing, prenatal
management and suggested signs and symptoms and imaging-surveillance strategies for
DICER1-associated conditions including pulmonary, renal, gynecologic, thyroid, ophthal-
mologic, otolaryngologic, central nervous system tumors and gastrointestinal polyps [16].
Any clinical pathology that might be related to DICER1 was considered as a criterion.
Pathology-confirmed PPB is considered a major criterion, as well as any lung cyst in child-
hood. Based on this consensus, any major criterion, two minor criteria (such as cystic
lung disease in adulthood and renal cysts), or a first-degree relative with positive-germline
DICER1 should be tested.

Recommendation for screening in DICER1-germline-positive children are age based,
with at least one chest CT performed in all cases [16]. These indications for testing and
screening elevated the awareness about PPB among pediatric caregivers, and increased the
diagnosis of type I PPB and type Ir PPB.

Based on the IPPBR recommendations, we tested and diagnosed the siblings of patient
number 3, who presented with malignant PPB: all three siblings had CT findings suggestive
of PPB. The family decided to continue with clinical and radiological follow up instead of
resecting all lesions. This family evoked an ethical question regarding the indications for
testing an asymptomatic sibling. The parents of patient no 3 stated during the follow up,
post factum, that they preferred not to know the child’s DICER1 status. With increased
awareness of the advantages of early detection of type I PPB, and the possible prevention
of progression through early intervention, more families will eventually choose to know
the DICER1 status. These four DICER1 siblings bring us to the next challenge.

2.3. Challenge No 3

When can we safely say that a type I PPB lesion has regressed to Type Ir PPB?
We know that pathology alone can provide the final discrimination between type I

and Ir PPB, but in our DICER1 family, pathology was not available for the three siblings of
patient no 3. The children differ in age and appearance of the lesions. The oldest sibling was
9 years old when diagnosed, and had a multiseptated single cyst, while the two younger
brothers had multifocal simple cysts. Over 2 years of CT follow up, we saw no change
in the appearance of the lesions in all three children (patients Nos. 4–6). Does it give us
any reassurance? We know that the median age for diagnosis of type I PPB is 7 months,
for type II PPB 35 months and for type Ir PPB 2.6 years [4,5,8], and that after the age of 3
years, type Ir PPB is considerably more common than type I [8]. Were they all type Ir PPB
at presentation? Can type Ir PPB progress to a malignant PPB?

The IPPBR reported two cases of progression in type Ir PPB, both occurring within 2
years. They suggested 2 years of follow up for resected type Ir PPB. In type I PPB recurrence
occurred more frequently and within 63 months, so they advised a longer follow up for
type I PPB, of at least 6 years [8]. We intend to continue the follow-up of the DICER1 family
for at least 6 years. This family is registered in the IPPB registry, and this follow-up may
shed additional light on type I PPB DICER1-related tumor.

2.4. Challenge No 4

Multifocal cystic lesions in a DICER1-germline-positive, asymptomatic child. Onco-
logic resection versus close radiologic and clinical follow-up: pros and cons.

Multifocal cysts are more difficult to manage. On the one hand, multifocal cysts have
an increased risk of progression compared to a single cyst, while on the other hand multiple
surgeries might increase surgical complications and decrease lung function. In the last
IPPBR report [8], 25% of cases of type I PPB I were multifocal, and many of them had
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multiple surgeries at an early age. Some cysts were not resected, due to their location.
Only one child had a serious complication of pulmonary artery stenosis. At the moment,
the IPPRB’s recommendation in multifocal cystic PPB is to individualize management, as
additional studies are needed [8].

2.5. Challenge No 5

The role of chemotherapy in cases of suspected incomplete resection of type 1 PPB.
PPB Ttpes II and III are aggressive malignant diseases and chemotherapy is mandatory.

The primary treatment for type I and Ir PPB is surgery with complete resection. The
reasoning for adjuvant chemotherapy in type IPPB and even type Ir PPB is to prevent
recurrence or progression of any residual disease (microscopic or macroscopic) to the more
aggressive tumor type II and type III PPB. In the recent report by the IPPBR [8], the group
summarized their experience with type I PPB and type Ir PPB cases treated between 2006
and 2022. Altogether, they had 118 cases of type I PPB and 87 cases of type Ir PPB. In
the PPB cases, chemotherapy (VAC, VA or IVADo) was given to 39% of the cases after
surgery and in one case prior to surgery. In this study, chemotherapy proved protective,
as none of the cases that received adjuvant chemotherapy progressed. For the cases that
were not treated with chemotherapy, two factors were found to correlate with recurrent
disease or progression: inadequate surgery, meaning less than complete resection, and
multicentric disease [8]. A prior publication by the same group did not find any benefit
from chemotherapy for type I PPB [6]. In patient 1, the first surgery was inadequate, and a
local recurrence occurred. Following completion of the lobectomy, we consulted the IPPBR,
and they suggested adding adjuvant chemotherapy. A close follow-up was decided upon,
and no chemotherapy was given.

2.6. Challenge No 6

Is the prevalence of Type I PPB increasing in recent years, or have we misdiagnosed
some of them as CPAM?

Within five years we diagnosed six patients with DICER1 due to high level of suspicion,
five of them were diagnosed with type I PPB. We consulted the IPPBR team in all our cases
and learnt that there is a need for a high level of suspicion and experienced teamwork
in order not to miss the type I PPB patients and to be able to treat them accordingly. It
is possible that the prevalence of type I PPB is on the rise, due to the fact we might have
misread some of our previous cases as CPAM. In fact, to emphasize the importance of a
central pathology review for rare tumors such as PPB, it was reported that almost 20% of the
pathology specimens submitted for review by IPPBR had another initial diagnosis. Thus, it
may be challenging to identify a lesion as PPB, even for experienced pathologists [6].

3. Conclusions

PPB is a rare tumor, with predicted progression from the benign type I PPB to ma-
lignant tumor. Timely diagnosis and complete resection of type I PPB correlates with the
best prognosis. Symptomatic cystic lung lesion in infants, unidentified during pregnancy,
especially when septated or multifocal, should raise the suspicion of type I PPB rather than
CPAM, and induce testing for DICERI mutation and early complete resection. The manage-
ment of multifocal cysts, the role of chemotherapy and management of older asymptomatic
DICER1 children is complicated, and should sometimes be individualized. Consultation
with the IPPBR team is recommended.

Author Contributions: K.M.—literature review, analysis of data, manuscript draft preparation; O.M.,
M.G., R.B.-Y.—analysis of data and manuscript review and editing; L.B.—conceptualization, literature
review, analysis of data and editing. A.I.—conceptualization, literature review, analysis of data and
images, manuscript preparation and final review. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.



J. Clin. Med. 2023, 12, 1918 10 of 11

Institutional Review Board Statement: Ethical review and approval were waived by the local
institutional review board for this study.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: The authors would like to acknowledge the PBB/DICER1 registry team, espe-
cially Ann K Schultz, for their ongoing support in the diagnosis and treatment of these patients. The
authors would also like to thank the patients’ parents for giving permission for presentation.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Dishop, M.K.; Kuruvilla, S. Primary and Metastatic Lung Tumors in the Pediatric Population: A Review and 25-Year Experience

at a Large Children’s Hospital. Arch. Pathol. Lab. Med. 2008, 132, 1079–1103. [CrossRef] [PubMed]
2. Dehner, L.P. Pleuropulmonary blastoma is THE pulmonary blastoma of childhood. Semin. Diagn. Pathol. 1994, 11, 144–151.

[PubMed]
3. Hill, D.A.; Jarzembowski, J.A.; Priest, J.R.; Williams, G.; Schoettler, P.; Dehner, L.P. Type I Pleuropulmonary Blastoma: Pathology

and Biology Study of 51 Cases From the International Pleuropulmonary Blastoma Registry. Am. J. Surg. Pathol. 2008, 32, 282–295.
[CrossRef] [PubMed]

4. Priest, J.R.; McDermott, M.B.; Bhatia, S.; Watterson, J.; Manivel, J.C.; Dehner, L.P. Pleuropulmonary blastoma: A clinicopathologic
study of 50 cases. Cancer 1997, 80, 147–161. [CrossRef]

5. Priest, J.R.; Williams, G.M.; Hill, D.A.; Dehner, L.P.; Jaffé, A. Pulmonary cysts in early childhood and the risk of malignancy.
Pediatr. Pulmonol. 2009, 44, 14–30. [CrossRef] [PubMed]

6. Messinger, Y.H.; Stewart, D.R.; Priest, J.R.; Williams, G.M.; Harris, A.K.; Schultz KA, P.; Yang, J.; Doros, L.; Rosenberg, P.S.; Hill,
D.A.; et al. Pleuropulmonary blastoma: A report on 350 central pathology-confirmed pleuropulmonary blastoma cases by the
international pleuropulmonary blastoma registry. Cancer 2015, 121, 276–285. [CrossRef] [PubMed]

7. Priest, J.R.; Hill, D.A.; Williams, G.M.; Moertel, C.L.; Messinger, Y.; Finkelstein, M.J.; Dehner, L.P. Type I pleuropulmonary
blastoma: A report from the international pleuropulmonary blastoma registry. J. Clin. Oncol. 2006, 24, 4492–4498. [CrossRef]
[PubMed]

8. Nelson, A.T.; Harris, A.K.; Watson, D.; Miniati, D.; Finch, M.; Kamihara, J.; Mitchell, S.G.; Wilson, D.B.; Gettinger, K.; Rangaswami,
A.A.; et al. Type I and Ir pleuropulmonary blastoma (PPB): A report from the International PPB/DICER1 Registry. Cancer 2022,
129, 600–613. [CrossRef] [PubMed]

9. Schultz, K.A.P.; Harris, A.K.; Nelson, A.T.; Watson, D.; Lucas, J.T., Jr.; Miniati, D.; Stewart, D.R.; Hagedorn, K.N.; Mize, W.;
Kamihara, J.; et al. Outcomes for Children With Type II and Type III Pleuropulmonary Blastoma Following Chemotherapy: A
Report From the International PPB/DICER1 Registry. J. Clin. Oncol. 2023, 41, 778–789. [CrossRef] [PubMed]

10. Hill, D.A.; Ivanovich, J.; Priest, J.R.; Gurnett, C.A.; Dehner, L.P.; Desruisseau, D.; Jarzembowski, J.A.; Wikenheiser-Brokamp, K.A.;
Suarez, B.K.; Whelan, A.J.; et al. DICER1 mutations in familial pleuropulmonary blastoma. Science 2009, 325, 965. [CrossRef]
[PubMed]

11. Slade, I.; Bacchelli, C.; Davies, H.; Murray, A.; Abbaszadeh, F.; Hanks, S.; Barfoot, R.; Burke, A.; Chisholm, J.; Hewitt, M.;
et al. DICER1 syndrome: Clarifying the diagnosis, clinical features and management implications of a pleiotropic tumour
predisposition syndrome. J. Med. Genet. 2011, 48, 273–278. [CrossRef] [PubMed]

12. González, I.A.; Stewart, D.R.; Schultz, K.A.P.; Field, A.P.; Hill, D.A.; Dehner, L.P. DICER1 tumor predis-position syndrome: An
evolving story initiated with the pleuropulmonary blastoma. Mod Pathol. 2022, 35, 4–22. [CrossRef] [PubMed]

13. Bartel, D.P. MicroRNAs: Genomics, biogenesis, mechanism, and function. Cell 2004, 116, 281–297. [CrossRef] [PubMed]
14. Harfe, B.D.; McManus, M.T.; Mansfield, J.H.; Hornstein, E.; Tabin, C.J. The RNaseIII enzyme Dicer is required for morphogenesis

but not patterning of the vertebrate limb. Proc. Natl. Acad. Sci. USA 2005, 102, 10898–10903. [CrossRef] [PubMed]
15. Foulkes, W.D.; Priest, J.R.; Duchaine, T.F. DICER1: Mutations, microRNAs and mechanisms. Nat. Rev. Cancer 2014, 14, 662–672.

[CrossRef] [PubMed]
16. Schultz, K.A.P.; Williams, G.M.; Kamihara, J.; Stewart, D.R.; Harris, A.K.; Bauer, A.J.; Turner, J.; Shah, R.; Schneider, K.; Schneider,

K.W.; et al. Dicer1 and associated conditions: Identification of at-risk individuals and recommended surveillance strategies. Clin.
Cancer Res. 2018, 24, 2251–2261. [CrossRef] [PubMed]

17. Oliveira, C.; Himidan, S.; Pastor, A.C.; Nasr, A.; Manson, D.; Taylor, G.; Yanchar, N.L.; Brisseau, G.; Kim, P.C.W. Discriminating
Preoperative Features of Pleuropulmonary Blastomas (PPB) from Congenital Cystic Adenomatoid Malformations (CCAM): A
Retrospective, Age-Matched Study. Eur. J. Pediatr. Surg. 2011, 21, 2–7. [CrossRef] [PubMed]

18. Feinberg, A.; Hall, N.J.; Williams, G.M.; Schultz, K.A.P.; Miniati, D.; Hill, D.A.; Dehner, L.P.; Messinger, Y.H.; Langer, J.C. Can
congenital pulmonary airway malformation be distinguished from Type i pleuropulmonary blastoma based on clinical and
radiological features? J. Pediatr. Surg. 2016, 51, 33–37. [CrossRef] [PubMed]

http://doi.org/10.5858/2008-132-1079-PAMLTI
http://www.ncbi.nlm.nih.gov/pubmed/18605764
http://www.ncbi.nlm.nih.gov/pubmed/7809508
http://doi.org/10.1097/PAS.0b013e3181484165
http://www.ncbi.nlm.nih.gov/pubmed/18223332
http://doi.org/10.1002/(SICI)1097-0142(19970701)80:1&lt;147::AID-CNCR20&gt;3.0.CO;2-X
http://doi.org/10.1002/ppul.20917
http://www.ncbi.nlm.nih.gov/pubmed/19061226
http://doi.org/10.1002/cncr.29032
http://www.ncbi.nlm.nih.gov/pubmed/25209242
http://doi.org/10.1200/JCO.2005.05.3595
http://www.ncbi.nlm.nih.gov/pubmed/16983119
http://doi.org/10.1002/cncr.34593
http://www.ncbi.nlm.nih.gov/pubmed/36541021
http://doi.org/10.1200/JCO.21.02925
http://www.ncbi.nlm.nih.gov/pubmed/36137255
http://doi.org/10.1126/science.1174334
http://www.ncbi.nlm.nih.gov/pubmed/19556464
http://doi.org/10.1136/jmg.2010.083790
http://www.ncbi.nlm.nih.gov/pubmed/21266384
http://doi.org/10.1038/s41379-021-00905-8
http://www.ncbi.nlm.nih.gov/pubmed/34599283
http://doi.org/10.1016/S0092-8674(04)00045-5
http://www.ncbi.nlm.nih.gov/pubmed/14744438
http://doi.org/10.1073/pnas.0504834102
http://www.ncbi.nlm.nih.gov/pubmed/16040801
http://doi.org/10.1038/nrc3802
http://www.ncbi.nlm.nih.gov/pubmed/25176334
http://doi.org/10.1158/1078-0432.CCR-17-3089
http://www.ncbi.nlm.nih.gov/pubmed/29343557
http://doi.org/10.1055/s-0030-1267923
http://www.ncbi.nlm.nih.gov/pubmed/21104589
http://doi.org/10.1016/j.jpedsurg.2015.10.019
http://www.ncbi.nlm.nih.gov/pubmed/26561249


J. Clin. Med. 2023, 12, 1918 11 of 11

19. Engwall-Gill, A.J.; Chan, S.S.; Boyd, K.P.; Saito, J.M.; Fallat, M.E.; Peter, S.D.S.; Bolger-Theut, S.; Crotty, E.J.; Green, J.R.; Bowling,
R.L.H.; et al. Accuracy of Chest Computed Tomography in Distinguishing Cystic Pleuropulmonary Blastoma from Benign
Congenital Lung Malformations in Children. JAMA Netw. Open. 2022, 5, E2219814. [CrossRef] [PubMed]

20. Dehner, L.P.; Messinger, Y.H.; Williams, G.M.; Stewart, D.R.; Harney, L.A.; Schultz, K.A.; Hill, D.A. Type i Pleuropulmonary
Blastoma versus Congenital Pulmonary Airway Malformation Type IV. Neonatology 2016, 111, 76. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1001/jamanetworkopen.2022.19814
http://www.ncbi.nlm.nih.gov/pubmed/35771571
http://doi.org/10.1159/000447992
http://www.ncbi.nlm.nih.gov/pubmed/27562209

	Introduction 
	Patient No 1 
	Patient No 2 
	Patient No 3 
	Patient No 4 
	Patient No 5 
	Patient No 6 

	Discussion 
	Challenge No 1 
	Challenge No 2 
	Challenge No 3 
	Challenge No 4 
	Challenge No 5 
	Challenge No 6 

	Conclusions 
	References

