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pleuropulmonary blastoma-like features: a novel
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This report documents a unique multicystic neoplasm of the liver in an 8-month-old boy with a heterozygous germline pathogenic
DICER1 variant. This neoplasm, initially considered most likely a mesenchymal hamartoma based on imaging, demonstrated the
characteristic histologic pattern of embryonal rhabdomyosarcoma residing in the subepithelial or cambium layer-like zone of the
epithelial-lined cysts. Thus, although the differential diagnosis includes mesenchymal hamartoma, a young child with a multicystic
mass lesion in the liver, lung, or kidney should both raise the possibility of a germline pathogenic DICER1 variant and also not be
mistaken for one of the other hepatic neoplasms of childhood.
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INTRODUCTION
As a measure of the critical, essential role of the gene DICER1
(14q32.13), its protein product contains two functional enzymatic
RNase domains, RNase IIIa and RNase IIIb. The RNase domains are
responsible for the generation of virtually all microRNAs (miRNA);
the latter are the effectors of a highly conserved gene silencing
system with multifaceted roles in post-transcriptional gene
regulation1,2. Perturbations in organogenesis are fully anticipated
in the absence of DICER1 and in fact, DICER1 is essential in the self-
renewal of embryonic stem cells3. Knockout of both alleles of
DICER1 in early mouse embryos has been shown to be lethal. It
was observed that the inactivation in mouse embryonic lung,
using a DICER1 conditional allele, caused an arrest in branching
morphogenesis resulting in the development of cysts4. The
morphologic resemblance of these lung cysts to type I pleur-
opulmonary blastoma (PPB) helped catapult DICER1 to the top of
the list of candidate genes within a 72Mb window on chromo-
some 14 identified in a family linkage study of families with
children who had developed PPB5. From that initial observation
has evolved the spectrum of organ-based tumors now known to
be associated with DICER1 variation6.
The various affected organs and specific anatomic sites in which

DICER1-related tumors may develop have expanded beyond the
lung to include the kidney, thyroid, female genital tract including
the ovary, uterine cervix, and fallopian tubes, eye, and central
nervous system. Some of these sites, like the lungs, kidney,
thyroid, and uterine cervix, are linked in part by the develop-
mental process of branching morphogenesis7. As noted earlier, it

was the interruption of DICER1 in the lung which led to the
hypothesis that a mutation in this gene may be the underlying
foundation of this apparent familial condition with its archetypical
neoplasm, the PPB. Cysts resembling those of type I PPB are also
features of pediatric cystic nephroma, Sertoli-Leydig tumor of the
ovary, and PPB-like peritoneal sarcoma, all of which present in the
setting of DICER1 germline and somatic “hotspot” variants or
biallelic somatic hotspot mutations6. The morphologic motif in
association with these cysts in the lung and elsewhere is a
compact, subepithelial population of primitive small cells with or
without rhabdomyoblastic differentiation producing a so-called
cambium layer, the characteristic microscopic feature of botryoid
embryonal rhabdomyosarcoma8.
The present study is a report of an 8-month-old boy with a

cystic hepatic mass and a polyp in the small intestine. Subsequent
genetic evaluation revealed a heterozygous germline pathogenic
DICER1 variant in this infant. This hepatic neoplasm with its
distinctive pathologic features establishes the liver as another site
for DICER1-associated malignancies.

MATERIALS AND METHODS
Study subject and clinical data ascertainment
Children and adults with known or suspected PPB or DICER1-related
conditions were enrolled in the International PPB/DICER1 Registry (www.
PPBregistry.org). All research procedures were approved by the Institu-
tional Review Board at Children’s Minnesota, Children’s National Medical
Center, Children’s Healthcare of Atlanta/Emory University, and Washington
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University in St. Louis. All pathology was centrally reviewed per standard
Registry procedures (LPD). Medical records including operative, pathology,
and imaging reports and treatment data were reviewed. Follow-up data
was requested at least annually.

Molecular analyses
For germline testing, genomic DNA was extracted from blood; enriched
targets were sequenced on an Illumina platform. DICER1 gene sequencing
was performed on tumor tissue using a next-generation sequencing assay
designed to detect base substitutions and small insertions/deletions in
both coding and intron/exon flanking regions.

RESULTS
Review of the International PPB/DICER1 Registry files revealed a
unique case of hepatic malignancy associated with DICER1 in an 8-
month-old boy who presented with abdominal distention. A
hepatic mass was noted by ultrasound. Magnetic resonance
imaging (MRI) showed a large cystic mass with a thick peripheral
capsule and multiple internal septations arising from the right
hepatic lobe, measuring 10 × 12 × 12 cm. The tumor caused mass
effect on the undersurface of the liver and displaced the
gallbladder posteriorly (Fig. 1). Interestingly, the MRI also revealed
an elongated, thickened loop of small bowel with a target
appearance in the left lower quadrant consistent with small bowel
intussusception. Physical examination revealed an abdominal
mass and macrocephaly; no clinical signs or symptoms of
intussusception were noted. Laboratory studies were remarkable
for an elevated aspartate aminotransferase (AST) at 130 U/L
(normal 23–83 U/L), elevated alanine aminotransferase (ALT) at
172 U/L (normal 6–50 U/L), and a normal alpha fetoprotein (AFP)
at 6 ng/ml (normal 1–28 ng/ml).
The patient underwent exploratory laparotomy with excision of

the liver mass and resection of the small bowel intussusception; a
polyp was detected as a lead point. An institutional diagnosis of
embryonal rhabdomyosarcoma of the biliary tree was determined,
Stage 1, Group 2, based on a microscopic positive surgical margin,
negative post-operative positron emission tomography (PET) scan,

and negative bilateral bone marrow biopsies and aspirates. The
polyp was confirmed as a juvenile polyp. The patient received
adjuvant chemotherapy with vincristine, actinomycin, and cyclo-
phosphamide as per ARST0331, regimen A, and local control with
proton radiation.
During staging evaluation, he was found to have bilateral lung

cysts on chest computed tomography (CT) imaging, the largest of
which was in the left lower lobe measuring 2 × 2 × 3 cm. He
underwent resection of two left lung cysts, and central pathology
review confirmed Type Ir PPB for both lesions. He remains well
approximately one month after completion of adjuvant che-
motherapy and radiation.

Pathologic findings
The hepatic tumor measured 10.7 × 9.1 × 1.6 cm and weighed 198
gm. Its cut surface had a multicystic appearance and the cysts had
smooth surfaces. A clear serous fluid exuded from the exposed
surface. The external surface was smooth and without any
excrescences (Fig. 2A).
Microscopically, the cysts were lined by a cuboidal to columnar

biliary type epithelium and many, but not all epithelial-lined cysts
were accompanied by a concentric mantle of compact, undiffer-
entiated, small, round to spindle-shaped cells with a cambium
layer-like appearance (Fig. 2B, C). The tumor cells extended into
the surrounding surface. Though rhabdomyoblastic differentiation
was not readily apparent, the desmin immunostaining was
intensely positive, but in the absence of myogenin and myoD1
reactivity (Fig. 2B, inset). Other cysts were accompanied by a
fibrous stroma in the absence of a cambium layer (Fig. 2D).
Additional features included an overall fibrous stroma and focal
areas of small bile ducts arranged in groups representing atrophic
liver remnants. A myxomatous mesenchymal stroma with or
without pools of extracellular fluid, small individual or networks of
abnormally formed bile ducts resembling a bile duct malforma-
tion, islands of hepatocytes, and extramedullary hematopoiesis
were not present as the characteristic features of mesenchymal
hamartoma9. No additional cystic lesions were identified in a
background of the uninvolved liver, but rather non-specific
changes adjacent to the mass.
The polyp of the small intestine was composed of crypts with

progressive dilatation from the periphery to the center and bands
of muscularis within the lamina propria. There was an absence of
an arborizing architecture of smooth muscle nor a branching
proliferation of the epithelium.

Molecular studies
Blood testing showed a heterozygous small deletion in DICER1
NM_177438.3:c.4407_4410delTTCT; p.Ser1470Leufs*19 leading to
premature truncation of the protein. The remainder of a 17-gene
panel was negative for pathogenic alterations.
Molecular testing performed on the tumor sample showed a

DICER1 hotspot in the RNase IIIb domain (c.5438A > G; p.Glu1813Gly
missense) in addition to the known germline deletion.

DISCUSSION
This report documents our experience with a unique cystic
neoplasm of the liver associated with a heterozygous germline
pathogenic DICER1 variant. After further pathologic review, the
tumor was more accurately described as intraparenchymal, and
not associated with the common bile or hepatic duct system; a
botryoid presentation of embryonal rhabdomyosarcoma within
the hepatobiliary tract with obstructive signs is an uncommon
but documented presentation which was not present in this
case10. In terms of gross pathologic findings, its multicystic
features have overlapping features with the mesenchymal
hamartoma, but the microscopic attributes are distinctly different.
This corresponds to other DICER1-associated neoplasms with

Fig. 1 Magnetic resonance image (T1) showing a large, cystic
hepatic mass with multiple septations or rounded cystlike
structures within the mass giving the appearance of daughter
cysts. There is mass effect on the undersurface of the liver and
displacement of the gallbladder posteriorly.
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early morphologic stages characterized by the development of
multiple cysts and in varied anatomic locations including the
lung, kidney, or peritoneal cavity. The archetype of these cystic
neoplasms is the pleuropulmonary blastoma (PPB) whose earliest
recognizable lesion is a circumscribed, multicystic structure
composed of dilated profiles of peripheral airspaces and septa
with or without hypercellular features; the latter are composed of
neoplastic, small primitive tumor cells with or without rhabdo-
myoblastic differentiation in which case an interpretation of type I
PPB is made. The proliferative small cell component may be
localized in the type I PPB or completely absent as in the type IR
PPB. Tumor progression in type I PPB is evidenced by the
development of a solid mass and the emergence of a complex,
multi-patterned sarcoma with a collage of rhabdomyosarcoma,
spindle cell sarcoma, small nests of primitive blastema, chon-
drosarcoma, and anaplastic cells. Further, a similar tumor
progression is recognized in the central nervous system, in the
kidney, and in the female genital tract of patients with
pathogenic germline DICER1 variants.
This serves to document the liver as another primary site for a

DICER1-associated neoplasm whose cystic features have a broad
similarity to type I PPB: a cambium layer of rhabdomyoblastic cells
beneath an epithelial lining with microscopic invasion of the
adjacent stroma and without the formation of a discrete mass8.
Our case demonstrates this important feature which was not in
evidence in the two hepatic cystic lesions in 26-month-old and 39-
month-old males with DICER1 syndrome, previously reported by
Apellaniz-Ruiz et al as mesenchymal hamartomas11. There is no
dispute that these respective lesions, 19 cm and 6.6 cm cysts, have
gross features resembling mesenchymal hamartomas, and even
some histologic findings which could be interpreted as the latter
as discussed in a follow-up correspondence by Vargas and Perez-
Atayde12. Many of the epithelial-lined cysts in our case were lined

by biliary type epithelium and surrounded by mantles of
rhabdomyoblastic cells with focal invasion into the surrounding
stroma by these neoplastic cells. The cystic structures in the two
previously-reported DICER1 “mesenchymal hamartomas” were
lined by a relatively inconspicuous epithelial lining and a fibrous
or fibromyxoid stroma whose features are reminiscent of PPB type
IR8. As Vargas and Perez-Atayde state, the mesenchymal
hamartoma has distinctive pathologic features unlike those
reported by Apellaniz-Ruiz et al as well as a molecular rearrange-
ment in 19q13.4211–13.
Undifferentiated embryonal sarcoma of liver (UESL) is a

predominantly solid, often myxomatous and hemorrhagic mass
which may have cystic foci. However, these are not lined by an
epithelium, but rather represent cystic degeneration without any
features of a cambium layer of small primitive cells and/or
rhabdomyoblasts as in our case. UESL has a range of histologic
patterns from primitive stellate cells, epithelioid or rounded cells
including rhabdoid cells to multinucleated giant cells with hyaline
globules14. Microscopic cystic structures with features of bile ducts
are often found at the periphery of the pseudocapsular interface
with the compressed liver; these small cysts are not accompanied
by a cambium layer of tumor cells. Though individual tumor cells
may demonstrate desmin reactivity, the cells do not express
myoD1 or myogenin. Progression of a DICER1-associated cystic
hepatic neoplasm has been reported in a 16-year-old female who
presented with a cystic lesion in the liver whose cystic foci
resembled our case, but in addition had a spindle cell sarcomatous
pattern and myxoid stroma as seen in type II/III PPB as well as
other DICER1 sarcomas15. The tumor recurred three years later as a
spindle cell sarcoma. This patient had a DICER1 germline
pathogenic variant and the tumor had a second somatic DICER1
variant. She also had other pulmonary and extrapulmonary
manifestations of DICER1 variation.

Fig. 2 DICER1-associated hepatic cystic neoplasm. A A well-circumscribed predominantly cystic mass showing the septal structures between
variably-sized cysts and solid foci. B A septum showing a subepithelial population of small primitive cells forming a cambium layer. (Inset):
Intense desmin immunostaining in the cambium layer. C A more densely cellular cambium layer with extension of tumor cells into the septal
stroma. D Two adjacent cysts, one with a cambium layer of small primitive cells and the other with a circumferential zone of fibrous stroma.
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We would argue that it is not necessary to postulate some
molecular interaction between DICER1 and chromosome 19q13.42
though there is a miRNA cluster (C19MC) in the latter11. The
pathologic findings of these cystic hepatic neoplasms, including
the previously reported “mesenchymal hamartomas”, are con-
cordant with other examples of DICER1-associated tumors,
prompting proposal of the novel designation “DICER1-associated
cystic hepatic neoplasm with PPB-like features” in our case as well
as the two earlier cases11. The fibrous stroma around the cysts in
the latter two cases is very similar to the pattern in PPB type IR,
cystic nephroma, and DICER1 peritoneal sarcoma; several of the
cysts in our case had such features without a cambium layer of
rhabdomyoblasts. Like their Case 2, our patient had a juvenile
polyp. Juvenile polyps have been described in multiple individuals
with germline DICER1 pathogenic variation including those with
mosaic RNase IIIb pathogenic variation16. Further, our patient had
macrocephaly, a known overgrowth in the setting of pathogenic
germline DICER1 variants17.
We expect complex, multi-patterned primitive sarcomas of the

liver will be reported in the future with features resembling those
of PPB type II or III, anaplastic sarcoma of the kidney, or one of the
other similar-appearing DICER1-associated sarcomas. When one of
these neoplasms is encountered or suspected, appropriate genetic
studies should be recommended18.
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