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Abstract

Pleuropulmonary blastoma (PPB) is the most common primary lung tumor of childhood and is associated with somatic or

germline DICER1 variants. Recurrent PPB, especially with brain metastases, are difficult to treat and survival is poor.

Comprehensive genomic analyses of PPB have been limited in number and depth. The cases presented here identified additional

oncogenic drivers from tumor sequencing that could be modulating tumor progression and response to therapy outside of known

DICER1 mutations highlighting the need for upfront genomic analysis on all patients with PPB.

Abstract

Pleuropulmonary blastoma (PPB) is the most common primary lung tumor of childhood and is associated
with somatic or germline DICER1 variants. Recurrent PPB, especially with brain metastases, are difficult
to treat and survival is poor. Comprehensive genomic analyses of PPB have been limited in number and
depth. The cases presented here identified additional oncogenic drivers from tumor sequencing that could
be modulating tumor progression and response to therapy outside of known DICER1 mutations highlighting
the need for upfront genomic analysis on all patients with PPB.

Introduction

Pleuropulmonary blastoma (PPB) is the most common primary lung tumor of childhood with 96% of tumors
diagnosed prior to seven years of age and are associated with pathogenic somatic or germline DICER1variants
in most cases [1,2]. First described as an entity in 1988, its initial feature is a multi-locular cyst whose septa
are composed of primitive mesenchymal cells which either progress to a primitive multi-patterned sarcoma
with overgrowth of the cysts into a high grade neoplasm with anaplasia and p53 mutations or undergoes
regression [3]. From this observation, familial predisposition, DICER1germline mutation and the recognition
of a family ofDICER1 -associated neoplasms emerged [3].

The current study documents other molecular aspects of PPB which are the emergence of distinct genomic
findings in recurrent type III PPBs in two children.

Case Descriptions

Case 1 – A 2-year-old male initially presented with a persistent cough with subsequent computerized topog-
raphy (CT) scan revealing a 10 x 9.8 x 8.1cm heterogeneous, hypodense mass occupying the left hemithorax.
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A biopsy revealed a high grade sarcoma with the primitive multi-pattern of PPB type III. Brain CT and
bone scan were negative for metastatic disease at that time. The patient received 12 cycles of ifosfamide,
vincristine, actinomycin-D and doxorubicin (IVADo) and underwent a left lower lobe resection at week 12.
He subsequently received intra-cavitary cisplatin for local control. At 36 months post-treatment a 3cm mass
arising from the left ventricle was discovered by routine echocardiogram. The mass was resected and found
to be recurrent (metastatic) PPB. He underwent re-induction chemotherapy with autologous stem cell res-
cue and was without recurrence for two years. Subsequently, he developed brain metastases, prompting a
Precision Genomics consultation for tumor molecular analysis of these brain metastases. He then received
irinotecan and pazopanib due to FGFR1 gene amplification and overexpression of TOPO1 protein. Genomic
analysis was performed on a new brain metastasis and demonstrated an ETV6-NTRK fusion. He partici-
pated in a larotrectinib trial for 4 cycles before progression of disease and subsequent death nearly 7 years
after initial diagnosis.

Case 2 – A 3-year-old female was admitted with a history of persistent cough and found to have a solid
heterogeneous mass in the left chest measuring 10 x 8.4 x 10.5cm on CT. A biopsy revealed a primitive
sarcoma with rhabdomyoblastic features and anaplasia whose features were those of type III PPB. Brain MRI
and bone scan failed to demonstrate metastatic disease, but an echocardiogram showed a multi-lobulated
mass attached to the left atrium. She subsequently underwent resection of the cardiac mass. She then
completed IVADo chemotherapy and received intra-cavitary cisplatin. Two months post-completion of intra-
cavitary cisplatin, she was found to have multiple brain metastases for which she received gamma knife
radiotherapy. She then received 2 cycles of ifosfamide, carboplatin, and etoposide post radiation. Utilizing
metronomic chemotherapy, consisting of fenofibrate, thalidomide, alternating oral cyclophosphamide and
etoposide, and every 2 week bevacizumab, she is continuing on therapy without recurrence [4].

Genetic Analysis and Results

Case 1. DNAseq, RNAseq and limited proteome analysis was performed on a recurrent brain tumor sam-
ple and whole-exome DNAseq and RNAseq was repeated from a second tumor sample from a subsequent
recurrence (NantHealth) with matching germline sequencing. The first tumor sample showed amplification
of FGFR1 (7x), TP53 p.R273H and high expression of TOP1 protein. From the sequencing of the second
specimen, the presence of an additional ETV6-NRTK3 gene fusion was identified. Reanalysis of the DNA
and RNA data from the first tumor sample revealed that the ETV6-NRTK3 fusion was present, but was
not initially identified by NantHealth. A somatic AGO2 variant, AGO2 p.H443R, classified as unknown
significance was identified in both tumor samples. DICER1 mutation was not found in the somatic and
germline specimens.

Case 2. The tumor sample from the initial diagnosis was sequenced using the FoundationOne Heme panel. A
number of known oncogenic alterations were identified in the sample: MDM2 amplification (30x), PIK3CA,
p.Q546P, and PPP2R1A p.R183W. Germline analysis was performed at Ambry Genetics Laboratory and
identified a pathogenic DICER1 variant, p.R676*.

Additional cancer relevant genomic findings are summarized in Table 1.

Discussion

DICER1 germline pathogenic variants were discovered to harbor an increased risk for development of a
variety of neoplasms, with PPB highlighted as the archetype [5-7]. Brain metastases, especially in recurrence,
are difficult to treat and the survival rate in children remains low [4,8], emphasizing the need to understand
additional genomic drivers to develop novel treatments.

In the first case, the lack of either a DICER1 somatic or germline variant is unique though the pathologic
findings were characteristic of PPBs and mosaicism may provide an explanation for these DICER1 -negative
PPBs [9]. Identification of the ETV6-NTRK3 fusion argues this tumor could be molecularly related to an
infantile fibrosarcoma but given the brain metastasis, would be an unusual manifestation since the brain is the
most common metastatic site for PPB [10]. The tumor continued to progress until his untimely death despite
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the high response rates of NTRK-fused infantile fibrosarcoma to larotrectinib observed in multiple clinical
trials [11,12]. TP53 and NRAS pathogenic variants have also been reported to occur frequently in PPB
[13] and a TP53 pathogenic variant, p.R273H, was identified in this case. One could hypothesize the TP53
variant modulated response to larotrectinib. Recent evidence from Gatalica et al. showed TP53 is the most
commonly co-mutated gene in NTRK-fused neoplasms and another report showed an impressive response to
larotrectinib in a refractory high-grade glioma despite tumoral TP53 loss [14,15]. Additionally, the AGO2
p.H443R variant could have promoted resistance given AGO2 is required for the efficient functioning of
DICER1. However, this particular mutational change in AGO2 has not been interrogated at the cellular
level making its tumoral impact unclear [16]. In this case, earlier identification of the NTRK fusion prior to
multiple recurrences and large tumor burden may have improved the chance for a response.

The second case is unique due to the identification of a PIK3CA mutation and MDM2 amplification in
addition to a DICER1 germline variant. In the largest published study, exome sequencing was performed
on 15 PPBs and none had a PIK3CA mutation or MDM2 amplification [13]. MDM2 is a negative regulator
of TP53 [17,18] and its amplification promotes therapeutic resistance leading to poor prognosis in a variety
of cancers, including sarcomas, similar to the one in our patient [19-22]. PIK3CA mutations have been
reported as potential oncogenic drivers in pediatric rhabdomyosarcoma, a tumor type seen in individuals
with pathogenic germline DICER1 variations. [23-26]. Like MDM2, PIK3CA mutations have been shown to
promote therapeutic resistance particularly in breast cancer, but also in germ cell tumors and sarcoma [27-
30]. Early phase trials are currently underway in recurrent pediatric cancers utilizing MDM2 and PIK3CA
inhibitors, which stress the need for early identification of these variants to define the utility of these drugs
in recurrent PPB.

To date, comprehensive molecular analyses of PPBs are limited. Due to the histologic complexity and
heterogeneity of these tumors, these two cases highlight the importance of sequencing all tumors to identify
additional oncogenic drivers that promote discovery of early therapeutic interventions for PPB recurrence.
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Table 1 Legend

*No pathogenic DICER1 variants were found either tumor sample despite reanalysis.

**The ETV6-NRTK3 gene fusion in the initial sequencing was later identified upon reanalysis of the se-
quencing data.

***Germline analysis was performed at Ambry Genetics Laboratory as FoundationOne testing does not offer
germline analysis

Definitions: VUS = Variant of Unknown Significance. A variant of unknown significance is an allele, or vari-
ant form of a gene, whose significance to the normal function of the encoded protein and any corresponding
phenotype, is unknown. WT = Wild Type
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