
Abstract. Background: Phosphatase and tensin homolog
(PTEN) hamartoma tumor syndrome (PHTS) is a complex
disorder. Carriers develop hamartomatous tumors, with an
increased risk for developing malignant tumors in multiple
organs. Surveillance to facilitate the early detection and
treatment of malignancies is extremely important. Case
Report: A 31-year-old male presented with a 10 cm left lobe
thyroid gland mass. After fine needle aspiration a left
hemithyroidectomy was performed, which demonstrated a
minimally invasive follicular thyroid carcinoma (FTC, stage
pT3a) and microscopic classical papillary thyroid carcinoma
(PTC) in the background of about 50 separate adenomatous
nodules (0.2-5 mm). Immunostaining showed loss of PTEN
protein in the minimally invasive FTC and in all of the
nodules tested, with uninvolved parenchyma serving as an
internal control. Kaiser Permanente Northern California
(KPNC) Hereditary Cancer Panel, testing for 62 genes, was
performed and showed germline mutations in PTEN and
RecQ like helicase 4 (RECQL4) genes. Completion
thyroidectomy subsequently performed demonstrated about

60 follicular cell-derived adenomatous nodules (0.3-10 mm).
Genetic counseling and evaluation documented Cowden
syndrome (CS) in the family. Thus, PHTS was confirmed.
Conclusion: This report documents synchronous FTC and
PTC in a background of multiple follicular adenomatous
nodules with a novel RECQL4 mutation in an adult patient
with PHTS. As such, documented the loss of PTEN protein
in a thyroid gland affected by multiple adenomatous nodules
aided in diagnosing PHTS.

Papillary thyroid carcinoma (PTC) and follicular thyroid
carcinoma (FTC) are the two most common thyroid
malignancies arising from thyroid follicular epithelial cells
(1). There are a heterogenous group of familial
predisposition cancer syndromes that have other clinical
findings that generally predominate, with thyroid gland
manifestations also seen. One of these familial syndromes is
the PTEN hamartoma tumor syndrome (PHTS), which is a
highly variable condition characterized by hamartomatous
lesions developing in multiple organs along with showing an
increased risk for the development of malignancies. Most
affected individuals show macrocephaly, Lhermitte-Duclos
disease, mucocutaneous lesions (trichilemmomas; papules),
gastrointestinal hamartomas, lipomas, follicular cell-derived
thyroid lesions, pigmented macules of the glans penis,
benign and malignant breast tumors, cerebrovascular
malformations, and several types of cancer in patients with
germline PTEN mutations. Associated cancers include breast
(up to 85% risk), thyroid (typically FTC, up to 35% risk),
kidney (up to 34%), endometrial (up to 28% risk), colorectal
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(9-16% risk) and melanoma (6% risk) (2). The protein
produced from PTEN is a tumor suppressor, functioning to
normally prevent cells from proliferating in an uncontrolled
fashion. Thus, a mutation prevents the protein from
regulating cell proliferation effectively, and uncontrolled
growth leads to hamartomas and malignancies.  PHTS is also
associated with developmental delay, intellectual disability,
and autism spectrum disorder. Biological relatives are at risk
for PTEN-related conditions and should consider testing as
clinically appropriate; first-degree relatives (siblings,
children, parents) have a 50% chance of also carrying this
mutation (2), as it is an autosomal dominant disorder. 

With respect to the thyroid gland, PHTS presents most
frequently with clinical multinodular goiter, reflected as
multiple hamartomatous nodules histologically, while
carcinoma is detected at a lifetime risk of 3-10% in most
series (3). Benign thyroid gland disease is common in PHTS,
with thyroid adenomatous nodules (hamartomas) and thyroid
follicular adenoma reported in 30-68% of adults and 2-14%
of children with PTEN mutations (3).

We report a case of the initial presentation of PHTS/Cowden
syndrome (CS) with synchronous FTC, PTC, and multiple
adenomatous (hamartomatous) nodules. We emphasize the
importance of PTEN immunostaining screening when
innumerable, tightly formed adenomatous nodules are
identified in a thyroid gland removed in a young patient.
Further, in addition to PTEN, a novel mutation of uncertain
significance in RECQL4 was also identified. With additional
studies, this mutation may be included in surveillance testing.

Case Report

The patient was a 31-year-old male with a long-standing
history of thyroid enlargement. At 14 years old, he had thyroid
gland enlargement and was sent for a thyroid gland fine needle
aspiration (FNA). It was diagnosed as benign. He presented
for evaluation of difficulty breathing at rest in certain positions
and an inability to rotate his neck in certain positions. Physical
exam documented an enlarged left thyroid gland lobe and
macrocephaly. No penile freckling, generalized skin
pigmentation or papillomas were identified. Ultrasound
examination and computed tomography scans of the neck
showed an enlarged left thyroid gland lobe containing a 10 cm
hypervascular, heterogeneous appearing mass (Figure 1A and
B). Serologies showed normal T4 free (1.2 ng/dl) and TSH
(1.6 mIU/ml) levels. FNA of the left thyroid gland mass was
interpreted as Bethesda II (benign thyroid nodule). For
symptomatic relief, a left hemithyroidectomy was performed. 

The macroscopic hemithyroidectomy showed a 10 cm
encapsulated mass with a heterogeneous and hemorrhagic cut
surface, along with a calcified center (Figure 1C). The
tumor-to-capsule-to-adjacent parenchymal interface was
entirely submitted for microscopic evaluation in 93 blocks.

Microscopically, a well-formed tumor capsule was identified,
with smooth muscle-walled vessels within the fibrous
connective tissue, helping to support the presence of a true
capsule. No areas of lymphatic or vascular invasion were
identified, with only capsular invasion (Figure 1D) identified
in four areas. The tumor was arranged in a follicular
architecture with easily identified colloid throughout. There
were no nuclear features of PTC. There was no tumor
necrosis and no increased mitoses. These changes supported
a diagnosis of minimally invasive FTC. In addition, there
was a microscopic focus (0.2 mm) of classical PTC (on slide
78), showing all of the characteristic nuclear and
architectural features of PTC. The margins were free from
tumor. It was the background non-neoplastic thyroid gland
parenchyma that was of note for about 50 adenomatous
(hamartomatous) nodules that ranged from 0.2 to 5 mm.
These nodules were cellular, showing a monotonous
follicular architecture with nuclei that were round and
regular with nuclear hyperchromasia. These nodules were
quite different from the surrounding parenchyma. With such
tight, well-formed nodules lacking any fibrous connective
tissue capsules and having a general monotony to them,
raised the possibility of a PTEN or DICER1 abnormality.
Immunohistochemistry for PTEN was performed, and
showed nuclear loss of PTEN in the FTC (Figure 2A) and in
the hamartomatous nodules randomly tested from the
submitted parenchyma (Figure 2B-D). The PTC was not
identified in the immunohistochemistry slide as it was so
small. The pathology diagnoses included a minimally
invasive FTC, which based on a tumor size of 10×8×4.7 cm,
was placed in the pT3a AJCC stage, with “M” used to
designated multifocal tumors (the PTC), along with loss of
PTEN suggested a germline alteration in this gene and
possible association with PHTS. Further genetic consultation
and counselling resulted in molecular testing and completion
thyroidectomy. The completion thyroidectomy specimen
showed no additional malignancy, but demonstrated about 60
adenomatous/hamartomatous nodules, similar to the
contralateral side. The patient recovered well after surgery
and was without evidence of disease 6 months after surgery. 

Molecular characteristics and genetic consultation. A PCR test
for Invitae KPNC Hereditary Cancer Panel, which included 62
genes, was performed. In addition to the pathogenic PTEN
mutation [PTEN c.388C>T (p.Arg130)], two mutations in
RECQL4 [RECQL4 c.2755G>A (p.Ala919Thr); RECQL4
c.940C>T (p.Pro314Ser)] of uncertain significance were also
identified.

A genetics consultation developed a family pedigree. The
patient’s family was of Hispanic ancestry. The patient’s
mother was diagnosed with breast cancer at 40 years old and
died of disease 2 years later. The patient’s father is currently
cancer free. The patient’s son has macrocephaly with speech
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delay. The histological findings, molecular testing and family
pedigree supported Cowden syndrome (CS), one of the
subtypes within PHTS. 

Discussion

PTEN immunohistochemical loss is highly suggestive of
PHTS, including CS, but it is not diagnostic without additional
clinical correlation to confirm the diagnosis. Barletta, et al. (4)
showed PTEN loss by IHC has 100% sensitivity and 92.3%
specificity. As CS confers a significant risk for cancer
development (4), PTEN loss by IHC is useful to suggest PHTS,
triggering genetic counseling and further molecular testing,
which can then be used for gene–informed management,
particularly regarding high-risk cancer surveillance and
addressing neurodevelopment symptoms (4). 

The histologic features in thyroidectomy specimens from
patients with CS have been well described (5). The salient
thyroid features in this disorder are multicentric follicular
adenomas and multiple, bilateral adenomatous (hamartomatous)
nodules. Multiple tiny cellular foci, sometimes called

microadenomas, can be seen. It is the multifocal adenomatous
nodules in this case that suggested the diagnosis, which was
confirmed by PTEN immunohistochemistry. This case also
included unilateral synchronous PTC (6) and FTC, with PTEN
loss in both the carcinoma and background hamartomas.  

PHTS results from germline inactivation mutations in the
PTEN gene. The primary findings in PHTS include increased
risk for certain types of cancer. Individuals with PTEN
mutations should undergo cancer screening at the time of
diagnosis to enable healthcare providers to detect any tumors
at the earliest, most treatable stages, similar to this reported
case. Due to the patient’s young age and family history of
early presentation of breast carcinoma, genetic testing for
hereditary cancer predisposition (Invitae KPNC Hereditary
Cancer 62 gene panel) was performed, which showed a
pathogenic variant, c.388C>T (p.Arg130*) of PTEN. This
molecular finding supports a diagnosis of PTEN-related
condition. It seems the patient reported inherited the
pathogenic gene from his mother, with presumed
transmission to his son, although not confirmed as genetic
testing for the son was declined. 
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Figure 1. Minimally invasive follicular thyroid carcinoma. A and B) Computer tomography scans show a 10 cm left thyroid gland mass (T) (A,
Axial; B, Sagittal). C) Grossly, the left hemithyroidectomy specimen shows an encapsulated mass with heterogeneous cut surface. D) Microscopically,
H&E stained section shows tumor capsular invasion (arrow) (100×).



Finally, two variants of uncertain significance, c.2755G>A
(p.Ala919Thr) and c.940C>T (p.Pro314Ser), were identified
in RECQL4. The data from this test cannot definitively
determine whether these variants are on the same or opposite
chromosomes. The RECQL4 gene is associated with
autosomal recessive Rothmund-Thomson syndrome (RTS)
(MedGen UID: 10819), RAPADILINO syndrome (MedGen
UID: 336602) and Baller-Gerold syndrome (BGS) (MedGen
UID: 120532). The RecQ family of DNA helicases is highly
conserved throughout evolution and plays an important role
in the maintenance of genomic stability in all organisms. The
identification of RECQL4 mutations is notable for clarifying
an increased cancer risk and the risk of recurrence in the
family. It has been previously shown that RTS patients with
RECQL4 mutations are at increased risk of osteosarcoma and
lymphoma (7). The two variants reported here, c.2755G>A
(p.Ala919Thr) and c.940C>T (p.Pro314Ser), have not been
reported in those syndromes nor in thyroid cancer. Thus, the
clinical significance of the variants identified in this gene are
uncertain without a clear association with FTC and PTC. 

In summary, we highlight a unique case of PHTS, which
presented with multiple different thyroid gland disease
processes including multifocal and bilateral adenomatous
nodules (hamartomas) and two malignancies: FTC and
PTC. Thyroid follicular nodular disease is common, but
when seen in young patients who have innumerable, tight
and well-formed nodules, the index of suspicion for
possible familial syndrome association should be raised,
with PTEN immunostaining employed as a potential screen
for PHTS. To our knowledge, this is the first case report
of RECQL4 mutation in a PTEN-loss FTC and in the
associated nodules that are part of PHTS. With further
study, these mutations may shed light on the mechanism,
prognosis, and potential treatment options in this familial
disorder.
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Figure 2. PTEN immunohistochemistry in the follicular thyroid carcinoma and adenomatous nodules. A) PTEN immunohistochemical loss in the
follicular carcinoma cells. B and C) H&E stained sections show multiple adenomatous nodules, some with fibrosis (B, 100×; C, 200×). D) PTEN
immunohistochemical loss in the adenomatous nodule, while the adjacent thyroid parenchyma shows an intact reaction (arrows indicating the
transition, 200×; inset at 400×).  
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