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Abstract

Cowden syndrome (CS) is an autosomal dominant hamartoma and tumor predisposition syndrome caused by
heterozygous pathogenic germline variants in PTEN in most affected individuals. Major features include macro-
crania, multiple facial tricholemmomas, acral and oral keratoses and papillomas, as well as mammary, non-me-
dullary thyroid, renal, and endometrial carcinomas. Lhermitte-Duclos disease (LDD), or dysplastic gangliocytoma
of the cerebellum, is the typical brain tumor associated with CS; the lifetime risk for LDD in CS patients has been
estimated to be as high as 30%. In contrast, medulloblastoma is much rarer in CS, with only 4 reported cases in
the literature. We report a 5th such patient. All 5 patients were diagnosed between 1 and 2 years of age and not
all showed the pathognomonic clinical stigmata of CS at the time of their medulloblastoma diagnosis. Where
detailed information was available, the medulloblastoma was of the SHH-subtype, in keeping with the observa-
tion that in sporadic medulloblastomas, PTEN-alterations are usually encountered in the SHH-subtype. Medullo-
blastomas can be associated with several tumor-predisposition syndromes and of the 4 medulloblastoma sub-
types, SHH-medulloblastomas in children have the highest prevalence of predisposing germline variants (approx.
40%). CS should be added to the list of SHH-medulloblastoma-associated syndromes. Germline analysis of PTEN
should be performed in infants with SHH-medulloblastomas, regardless of their clinical phenotype, especially if
they do not carry pathogenic germline variants in PTCH1 or SUFU, the most commonly altered predisposing genes
in this age-group. In addition, these cases show that CS has a biphasic brain tumor distribution, both in regards
to the age of onset and the tumor type: a small number of CS patients develop a medulloblastoma in infancy

while many more develop LDD in adulthood.

Keywords: Medulloblastoma, Cowden syndrome, PTEN

Case history

The patient was born at term after an unevent-
ful pregnancy; however, she was noted to have pro-
nounced frontal bossing and macrocrania, (head
circumference > 98th percentile). She presented at
age 15 months because of rapidly increasing head
circumference. MRI showed an extra-axial posterior
fossa mass within the cisterna magna, measuring 5.3
x 4.4 x 3.2 cm. The tumor was resected; post-opera-
tive MRI confirmed gross total resection. Histologi-
cally, it was a medulloblastoma with extensive nod-
ularity (MBEN). She was treated according to the
CCG-99703 protocol, which consists of 3 cycles of
induction chemotherapy followed by 3 cycles of
marrow-ablative consolidation chemotherapy with
autologous stem-cell rescue [Cohen et al. 2015];
however, she only received 2 of the latter due to
hematological toxicity. During follow-up, some ker-
atotic papules on the fingers and buttocks were
noted and therefore Gorlin syndrome (nevoid basal

cell carcinoma syndrome; Online Mendelian Inher-
itance in Man (OMIM) #109400) was suspected clin-
ically. Some of these cutaneous lesions were biop-
sied but consisted of non-specific keratoses or
warts; there were no basal carcinomas. Initial
germline genetic testing at age 2 consisted of dele-
tion analysis and Sanger sequencing of PTCH1, which
were negative. Sanger sequencing of SUFU was done
at age 5 and was negative. At age 8, a firm papule
was noted on the neck; histologically, it was a scle-
rotic fibroma. (A similar lesion was also noted on the
left thigh, but not excised.) At age 9, four palmar pits
were noted on the right hand. Although the combi-
nation of palmar pits, MBEN, and macrocrania was
suggestive of Gorlin syndrome, sclerotic fibroma has
been associated with Cowden syndrome (CS; OMIM
#158350) [Kieselova et al. 2017]. Therefore, next-
generation germline sequencing of PTCH1, PTCH2,
SUFU, and PTEN was performed. A previously
reported pathogenic variant in PTEN, c.388C>T,
p.R130* (COSV64288463), was identified. No vari-
ants were found in the other genes. Parental studies
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were negative, suggesting most likely a de novo mu-
tation, although gonadal mosaicism in one of the
parents cannot be ruled out. At age 10, a posterior
fossa dural arterio-venous fistula (DAVF) was sus-
pected on a routine follow-up MRI and confirmed by
cerebral angiogram to be a Borden type 1 DAVF
draining into an ectopic pouch of the right trans-
verse sinus; it was fed by branches of the right and
left external carotid arteries and the right posterior
cerebral artery. Although hemorrhage from intra-
cranial AVFs has been reported in patients with CS
[Prats-Sanchez et al. 2016], Borden type 1 DAVFs
have a very low risk of hemorrhage [Gandhi et al.
2012] and the lesion was completely asymptomatic.
It was therefore not treated. It was no longer seen
on repeat imaging a year later, suggesting spontane-
ous involution-resolution. At age 12, multiple thy-
roid nodules were noted bilaterally on ultrasound;
fine needle aspiration cytology was consistent with
benign follicular nodules. Now age 13 (i.e., 12 years
post-diagnosis), the patient is alive and well without
evidence of recurrent medulloblastoma. She does
not have facial or oral lesions.

Pathology

Representative images of the cerebellar tumor
are shown in Figure 1. The tumor was biphasic and
had a distinctly nodular growth pattern. Most of the
tumor consisted of large confluent islands of isomor-
phic cells with a neurocytic to gangliocytic appear-
ance, embedded in a finely fibrillary neuropil-like
matrix. These cells were strongly positive for NeuN
and the neuropil stained intensely for synaptophysin
and showed bundles of neurites on a neurofilament
immunostain. There was virtually no Ki-67 labelling
in this component and it was negative for YAP1 and
GAB1. The remainder of the tumor was made up of
a very cellular “small blue cell” component, which
was rich in reticulin fibers, had a high mitotic rate
with approximately 50% Ki-67 labelling, and focal
immunoreactivity for GFAP along with strong stain-
ing for YAP1 and GABL1. The features were typical of
an MBEN, SHH-activated.

Immunostaining for PTEN and genetic analysis
of the tumor were performed after the PTEN
germline variant was identified. Expression of PTEN
was retained in vessels but lost in both tumor com-
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ponents. The tumor carried the PTEN p.R130* vari-
ant, as expected. In addition, using a TruSeq custom
amplicon (Illumina) for 13 genes frequently mutated
in SHH-medulloblastomas [Goschzik et al. 2021], a
known pathogenic variant in SMO, c.1234C>T,
p.L412F (COSV50824425), was identified, which was
confirmed by Sanger sequencing. Molecular inver-
sion probe technology was used to perform high-
resolution genome-wide copy number analysis as
described previously [Wang et al. 2012]. It showed a
stable genome with copy-neutral allelic loss on chro-
mosome arm 10qg. There was no amplification of
MYC or MYCN.

Discussion

Cowden syndrome (OMIM #158350) is an
autosomal dominant hamartoma and tumor predis-
position syndrome caused by heterozygous patho-
genic germline variants in PTEN in about 80% of af-
fected individuals [Yehia & Eng 2001/2021]. Major
features include macrocrania, multiple facial tricho-
lemmomas, acral and oral keratoses and papillomas,
as well as mammary, non-medullary thyroid, renal,
and endometrial carcinomas [Yehia & Eng
2001/2021]. Lhermitte-Duclos disease (LDD), or dys-
plastic gangliocytoma of the cerebellum, is the typi-
cal brain tumor associated with CS; in fact, in adults,
LDD is considered pathognomonic of CS [Yehia & Eng
2001/2021]. Conversely, the lifetime risk for LDD in
CS patients has been reported to be as high as 30%
[Riegert-Johnson et al. 2010].

In contrast, the association between CS and
medulloblastoma is very rare. In a study of 914 chil-
dren and adolescents with cancer, including 227
with medulloblastoma, no PTEN germline variants
were identified [Grobner et al. 2018]. Similarly,
among 1022 medulloblastoma patients screened for
germline variants in 110 cancer predisposition
genes, only one pathogenic variant was reported in
PTEN [Waszak et al. 2018]. In a clinical cohort of 368
patients with Cowden syndrome and pathogenic
PTEN germline variants (including 98 patients under
the age of 18 years) recruited and followed prospec-
tively by an international consortium between 2000
and 2010, no cases of medulloblastoma were re-
ported [Tan et al. 2012].
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Figure 1. Representative images of the cerebellar tumor’s histology and immunophenotype. Individual images are labelled with the re-
spective stain. On low power, the tumor is biphasic and distinctly nodular. Most of the tumor is made up of neurocytic to gangliocytic cells
(high power inset) that are strongly NeuN immunoreactive and embedded in a synaptophysin-positive neuropil-like matrix that contains
bundles of neurites. The highly cellular desmoplastic component shows some staining for GFAP and is strongly positive for GAB1 and
YAP1. Ki-67 labelling is seen almost exclusively in the desmoplastic component. Both components lack expression of PTEN, which is re-

tained in endothelial cells.

Clicking the figure will lead you to the full virtual slides.

On the other hand, including this case, five pa-
tients with CS and medulloblastoma have now been
reported in the literature; they are summarized in
Table 1. Patient 1 was reported before the genetic
defect in CS was known [Bagan et al. 1989], hence
the diagnosis of CS is based on the clinical findings
[Eng 2000]; he has since been lost to follow-up (J.V.
Bagan, personal communication). The four other pa-
tients carried a pathogenic germline variant in PTEN.
Given the rarity of CS, with an estimated prevalence
of 1 in 200,000 [Yehia & Eng 2001/2021], this is
unlikely to be a coincidence.

R ———

Interestingly, in the three cases in which a de-
tailed analysis of the medulloblastoma was per-
formed, it was an SHH-activated medulloblastoma.
Two of them also had an additional pathogenic
variant in a component of the SHH-pathway and 2
showed allelic loss involving PTEN/10g. This mirrors
findings in sporadic medulloblastomas, where muta-
tions or deletions of PTEN are more frequent in SHH-
medulloblastomas than in other medulloblastoma
subtypes [Northcott et al. 2012]. Furthermore, in
mouse models of SHH-medulloblastomas driven
either by inactivation of Ptch1 [Metcalfe et al. 2013]
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Table 1: Patients with Cowden syndrome and medulloblastoma.
Case Sex/age at diagnosis | MB Germline PTEN Additional variants Status Reference
(case ID if applicable) | subtype variant and/or other genetic
(histology changes in tumor
if known)
1 M/2y (case 2) na na na NED at 19y Bagan et al. 1989
2 M/2y ns c.697C>T, p.R233* | nd NED at 14y Patini et al. 2016
3 F/1y (ICGC_MB217) | SHH c.856delA, loss of ns Waszak et al. 2018
p.T286Pfs*5 heterozygosity
4 F/14 mo SHH (DNTY) c.18dup, p.E7Rfs*4 | SUFU c.412delinsCC, | NED at 5% y9 Tolonen et al.
p.A138Pfs*32 2020
KDR c.787C>A,
p.P263T
5 F/15 mo SHH (MBEN) | ¢.388C>T, p.R130* | SMO c.1234C>T, NED at 13y current report
p.L412F
copy-neutral allelic
loss on 10q

Abbreviations: DN, desmoplastic nodular; MB, medulloblastoma; MBEN, medulloblastoma with extensive nodularity; mo, month; na, not
applicable; nd, not done; NED, no evidence of disease; ns, not stated; y, year

9] R. Niinimaki, personal communication

or activation of Smo [Castellino et al. 2010], addi-
tional loss of Pten changed the tumor histology from
tumors resembling classic medulloblastomas to tu-
mors resembling MBEN. Using similarity network fu-
sion applied to genome-wide DNA methylation and
gene expression data, SHH-medulloblastomas can
be divided into 4 distinct subtypes [Cavalli et al.
2017]; we did not perform this type of analysis on
our patient’s tumor and based on the published
data, neither did the authors of the two other cases
where the tumor was analyzed (cases 3 and 4).

Brain-specific suppression of Pten in mice pro-
duces cerebellar lesions resembling LDD, but not
medulloblastomas [Backman et al. 2001; Kwon et al.
2001]. In human SHH-medulloblastomas, loss of
PTEN almost never occurs in isolation. In a detailed
analysis of 196 sporadic SHH-medulloblastomas
[Skowron et al. 2021, figure 2A], nine had a deletion
and/or mutation of PTEN. Eight of these tumors had

additional, often multiple, genetic alterations, typi-
cally involving a gene of the SHH-pathway, loss of 9q
(which deletes PTCH1), loss of 10q (which deletes
PTEN and SUFU), or mutations and fusions in other
genes. Only one tumor had an isolated variant in
PTEN, but the analyses may not have captured all
possible genetic alterations (P. Skowron and M. Tay-
lor, personal communications). These findings indi-
cate that in most instances, loss of PTEN alone is in-
sufficient to produce medulloblastomas.

SHH-activated medulloblastomas are thought
to arise from granule cell precursors that form the
external granular layer (EGL) of the cerebellar cor-
tex; their proliferation and inward migration to form
the internal granule cell layer is driven by Purkinje
cell-derived SHH [Tamayo-Orreo & Charron 2019].

In humans, the EGL persists after birth. It starts
to involute by the 2nd to 4™ post-natal month and
usually has disappeared by 1 year, although rare
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cases of persistence until 2 years have been re-
ported [Friede 1989]. In a patient with CS, all granule
cell precursors in the EGL are haploinsufficient for
PTEN, but this is not sufficient to produce a medul-
loblastoma. However, if one of these cells acquires
additional alterations of the type described by Skow-
ron et al. [Skowron et al. 2021], it can give rise to an
SHH-medulloblastoma. This would be a rare event,
resulting in a low frequency of medulloblastomas in
CS patients. Furthermore, given the rapid disappear-
ance of the EGL after birth, the “window of oppor-
tunity” for the development of a medulloblastoma
in CS is brief and explains why they only occur in
infants in these patients.

CS may be under-recognized in medullo-
blastoma patients. While 90% of patients with CS
will have some features of CS by age 20 [Yehia & Eng
2002/2021], infants and young children may not
show some of the pathognomonic features, such as
multiple facial tricholemmomas, and present in-
stead with non-specific findings, like macrocrania,
autism, or developmental delay [Busa et al. 2015].
Among the 5 patients with CS and medulloblastoma,
patient 1 had oral papillomas at the time of his me-
dulloblastoma diagnosis [Bagan et al. 1989]. Patient
2 developed gastro-intestinal polyps after his me-
dulloblastoma and sought medical attention for oral
and cutaneous lesions at age 14, at which time the
diagnosis of CS was made [Palatini et al. 2016]. No
clinical details are available on patient 3 [Waszak et
al. 2018]. Patient 4 showed only macrocrania at the
time her medulloblastoma was diagnosed [Tolonen
et al. 2020] and still does not have other stigmata of
CS (R. Niiniméki, personal communication). In our
patient, sequencing of PTEN was only undertaken at
age 9, after the diagnosis of the sclerotic fibroma.
Thus, in some of these young patients, the diagnosis
of CS was not clinically obvious at the time they pre-
sented with a medulloblastoma; we therefore sus-
pect that CS may be underdiagnosed in medulloblas-
toma patients.
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A high prevalence of tumor predisposition syn-
dromes in children with SHH-medulloblastomas, es-
pecially infants, has long been known. For instance,
in a single-institution series of 82 medulloblastoma
patients, 6 of 12 patients with an MBEN had a ge-
netic syndrome (5 Gorlin, 1 fragile-X); 5 of these 6
were less than 24 months of age [Garre et al. 2009].
In the aforementioned series of 1022 medulloblas-
tomas, predisposing germline variants in APC,
BRCA2, PALPB2, PTCH1, SUFU, and TP53 occurred in
6% of patients overall, and in 20% of those with SHH-
medulloblastomas [Waszak et al. 2018]. A further
analysis by the same group [Waszak et al. 2020]
identified in addition pathogenic germline variants
in ELP1 in 14% of pediatric patients with SHH-medul-
loblastomas; all in all, 77 of 202 children (38%) with
an SHH-medulloblastoma had a predisposing
germline variant in one of 7 genes. Here, we present
evidence that CS, too, can be associated with SHH-
medulloblastomas in infants. Therefore, PTEN
should be analyzed in these patients, regardless of
their clinical phenotype, especially if they do not
carry pathogenic germline variants in PTCH1 or
SUFU, the most commonly altered predisposing
genes in infant SHH-medulloblastomas [Waszak et
al. 2020]. Whether CS also predisposes to other
types of medulloblastoma (i.e., WNT, group 3, or
group 4) remains to be seen. In addition, these cases
show that Cowden syndrome has a biphasic brain tu-
mor distribution, both in regards to the age of onset
and the tumor type: a small number of Cowden pa-
tients develop a medulloblastoma in infancy while
many more develop LDD in adulthood.
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