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Abstract
Introduction: Phosphatase and tensin homolog (PTEN) 
hamartoma tumor syndrome (PHTS) comprises a collection 
of clinical features characterized by constitutional variants 
in PTEN. Several guidelines recommend thyroid screening, 
beginning at the pediatric age at the time of PHTS diagnosis; 
however, the benefits of early surveillance has not been well 
defined. Methods: We conducted a retrospective investiga-
tion of patients followed up at the Children’s Hospital of 
Philadelphia with a diagnosis of PHTS between January 
2003 and June 2019. In total, 81 patients younger than 19 
years were identified. Results: The most common clinical 
feature at presentation was macrocephaly (85.1%), followed 
by impaired development (42.0%), skin/oral lesions (30.9%), 

and autism spectrum disorder (27.2%). A total of 58 of 81 
patients underwent thyroid surveillance, with 30 patients 
(51.7%) found to have a nodule(s). Ultimately, 16 patients 
underwent thyroidectomy, with 7.4% (6/81) diagnosed with 
thyroid cancer. All thyroid cancer patients were older than 
10 years at diagnosis, and all displayed low-invasive behav-
ior. Of the patients younger than 10 years at the time of thy-
roid ultrasound (US) surveillance, 71.4% (15/21) had a nor-
mal US. The remaining 6 patients had thyroid nodules, in-
cluding 4 undergoing thyroid surgery with benign histology. 
Discussion/Conclusion: Patients with macrocephaly, im-
paired cognitive development and thyroid nodules, and/or 
early-onset gastrointestinal polyps should undergo consti-
tutional testing for PHTS. There does not appear to be a clin-
ical advantage to initiating thyroid US surveillance before 
10 years of age. In PHTS patients with a normal physical ex-
amination, thyroid US surveillance can be delayed until 10 
years of age. © 2021 S. Karger AG, Basel
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Introduction

Phosphatase and tensin homolog (PTEN), located on 
chromosome ten at position q21.31, is a tumor suppres-
sor gene in the P13K/AKT/mTOR signaling pathway es-
sential for the regulation of cellular growth, migration, 
and apoptosis [1, 2]. Heterozygous constitutional patho-
genic/likely pathogenic (P/LP) variants in the PTEN gene 
are associated with what was previously thought to be dis-
tinct clinical entities, including but not limited to Cowden 
syndrome, Bannayan-Riley-Ruvalcaba syndrome, PTEN-
related Proteus syndrome, and Proteus-like syndrome. 
Such autosomal dominant syndromes are now more apt-
ly described as PTEN hamartoma tumor syndrome 
(PHTS) with the understanding that the phenotypic fea-
tures of these syndromes comprise the clinical spectrum 
associated with variants in PTEN [3–5]. Childhood man-
ifestations of PHTS include macrocephaly; autism spec-
trum disorder (ASD); impaired development, including 
intellectual disability (ID) and/or developmental delay 
(DD); lipomas; vascular malformations; pigmented mac-
ules on the glans penis; gastrointestinal (GI) polyps; and 
thyroid nodules [6]. Over an individual’s lifetime, P/LP 
variants in the PTEN gene predispose affected individuals 
to an increased risk for developing malignant tumors of 
the thyroid, breast, endometrium, GI tract, kidneys, and 
skin (melanoma), with differentiated thyroid cancer 
(DTC) representing the prevailing risk in pediatrics [7]. 
As PHTS displays variable expression and age-dependent 
clinical manifestations, there is likely underdiagnosis of 
this condition in pediatrics secondary to the rarity and 
difficulty in recognizing the clinical phenotype [6]. The 
missed opportunity of diagnosis may result in a lack in 
proper medical surveillance, as well as anticipatory guid-
ance with regard to risk to family members and future 
offspring.

The lifetime risk of developing DTC for individuals 
with PHTS is between 35 and 38%, with previous recom-
mendations to initiate thyroid ultrasound (US) surveil-
lance after 18 years of age [7–11]. After several reports 
documenting the diagnosis of thyroid nodules and DTC 
in patients younger than 18 years, with the youngest re-
ported case of PHTS-related DTC in a 4-year-old patient, 
multiple groups suggested that US surveillance should be 
initiated earlier – at the time of diagnosis, by 10 years of 
age, by 7 years of age, or even as early as 2–3 years depend-
ing on the age of diagnosis and the patient’s ability to co-
operate with the examination [8, 12–16]. Despite these 
recommendations, the benefit of early thyroid surveil-
lance in pediatrics with PHTS has not been well defined. 

Initiation of US surveillance may result in early detection 
of malignancy, but it may also lead to an increased risk of 
false-positive results, resulting in unnecessary interven-
tions, including fine-needle aspiration (FNA) and thy-
roidectomy [15].

We investigated patients with PHTS at the Children’s 
Hospital of Philadelphia (CHOP) to better understand 
the clinical presentation and spectrum of disease and ul-
timately, to optimize testing, surveillance, and manage-
ment. We focused on the screening, incidence, and spec-
trum of thyroid disease in children with PHTS in an effort 
to determine whether patients are undergoing recom-
mended medical surveillance and whether recent recom-
mended changes for pediatric thyroid cancer surveillance 
are improving clinical outcomes. In order to identify the 
complete spectrum of PHTS, genetic indicators and clin-
ical manifestations were reviewed to (1) understand the 
rationale of diagnosis, (2) identify opportunities to im-
prove selection for genetic testing and screening, and  
(3) assess whether there was a genotype-phenotype cor-
relation with a spectrum of disease.

Materials and Methods

A retrospective, single-site cohort investigation was conducted 
among pediatric patients (<19 years at the time of diagnosis) fol-
lowed up at CHOP. An initial list of 57 patients with a confirmed 
P/LP PTEN variant was retrieved from CHOP’s Cancer Predispo-
sition Program. Six additional individuals seen at CHOP’s Thyroid 
Center diagnosed with PHTS were identified and included in the 
study, yielding a cohort of 63 patients. By querying the “Problem 
List” in the hospital electronic medical record (Epic) for the terms 
PHTS, PTEN variant, Cowden syndrome, Bannayan-Riley-Ruval-
caba syndrome, and/or genetic disorder, a new list was generated 
comprising 96 patients with PHTS. The list of patients from 
CHOP’s Cancer Predisposition Program and the list generated 
from Epic were cross-checked, ascertaining 36 additional potential 
patients for inclusion in the study. Of the 36 patients, 18 were ex-
cluded because the presence of a P/LP PTEN variant could not be 
confirmed (n = 11), or there was limited medical information 
available because they were primarily followed up by another in-
stitution (n = 6), or the patient had deceased (n = 1). Thus, a final 
cohort of 81 patients younger than 19 years at the time of diagno-
sis with confirmation of a constitutional pathogenic PTEN P/LP 
variant between January 2003 and June 2019 was included in the 
data analysis (shown in Fig. 1).

The electronic medical records between January 2003 and June 
2019 of the 81 patients were then searched to collect and analyze 
information pertaining to presenting clinical features and surveil-
lance, as well as the PTEN variant pattern of inheritance. Surveil-
lance by genetics, oncology (Cancer Predisposition Program), en-
docrinology (Thyroid Center), developmental pediatrics or neu-
rology, dermatology, and/or gastroenterology was reviewed. 
Clinical features, including the presence of macrocephaly, DD 
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and/or ID, ASD, skin and oral lesions, freckling on the glans penis 
for males, hypotonia, breast lesions for females, GI polyps, thyroid 
nodules, and/or DTC were reviewed at the time of diagnosis of 
PHTS as well as post-diagnosis. Endocrinology records, thyroid 
US reports, FNA biopsy reports, and thyroidectomy pathology re-

ports, as well as gastroenterology records relating to presenting 
signs and symptoms that preceded discovery of polyps, endoscopy 
and colonoscopy reports, and polypectomy pathology reports 
were recorded and reviewed. P/LP PTEN variant sequencing re-
ports were retrieved and compared to PHTS-associated diagnosis 
to assess possible genotype-phenotype associations.

Results

Demographic and Clinical Characteristics of Children 
with PHTS
A total of 81 pediatric patients (42 males and 39 fe-

males) at CHOP with a documented diagnosis of PHTS 
were evaluated. The majority of patients in this cohort 
were white (59/81, 72.8%). By mutational analysis, PHTS 
resulted from an apparent de novo variant in 19 patients 

EPIC query
(n = 96)

CHOP cancer
predisposition program

(n = 57)

CHOP thyroid
center (n = 6)

Cross check

Included
(n = 81)

Excluded
(n = 18)

PTEN variant
unconfirmed (n = 11)

Limited medical
information (n = 6)

Deceased
(n = 1)

Fig. 1. Selection criteria for inclusion in the 
study. CHOP, Children’s Hospital of Phila-
delphia; PTEN, phosphatase and tensin ho-
molog.

Table 1. Demographic features of patients diagnosed with PHTS 
(n = 81)

Demographic n (%)

Sex
Male 42 (51.9)
Female 39 (48.1)

Race
Asian 1 (1.2)
Black or African-American 6 (7.4)
Native Hawaiian/Pacific Islander 0 (0)
White 59 (72.8)
Other 11 (13.6)
Refused 4 (5.0)
Unknown or not reported 0 (0)

Ethnicity
Hispanic or Latino 7 (8.6)
Not Hispanic or Latino 71 (87.7)
Unknown or not reported 3 (3.7)

PHTS inheritance
Maternal 10 (12.3)
Paternal 6 (7.4)
De novo 19 (23.5)
Unknown or not reported 46 (56.8)

Age at time of diagnosis, years
Mean 7.8 years
Median 7.0 years

PHTS, phosphatase and tensin homolog hamartoma tumor 
syndrome.

Table 2. Surveillance of pediatric patients with PHTS at CHOP  
(n = 81)

Specialty Screened,* n (%) Not screened, n (%)

Genetics 79 (97.5) 2 (2.5)
Oncology 61 (75.3) 20 (24.7)
Endocrinology 58 (71.6) 23 (28.4)
Neurodevelopmental 56 (69.1) 25 (30.9)
Dermatology 44 (54.3) 37 (45.7)
Gastroenterology 30 (37.0) 51 (63.0)

PHTS, phosphatase and tensin homolog hamartoma tumor 
syndrome; CHOP, Children’s Hospital of Philadelphia. * Patients 
with documented clinic visit(s) at the subspecialty included.
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(23.5%) and familial inheritance in 16 patients (19.8%), 
including 10 patients (12.3%) and 6 patients (7.4%) with 
confirmation of PHTS from maternal and paternal lin-
eages, respectively. Parental mutational status to confirm 
the pattern of inheritance of PHTS was unknown or not 
available for 46 patients (56.8%) secondary to the family 
declining PTEN testing based on the absence of PTEN-
associated clinical features and/or financial reasons. Age 
at the time of PHTS diagnosis varied between 13 months 
and 19 years, with the average and median age of diagno-
sis of PHTS of 7.8 and 7.0 years, respectively (shown in 
Table 1).

The majority of the patients, 79 of 81 (97.5%), were 
evaluated by genetics for PTEN molecular testing. Subse-
quent to the diagnosis, 61 patients (75.3%) were seen by 
the Cancer Predisposition Program in oncology, 58 pa-
tients (71.6%) were seen by the Thyroid Center in endo-
crinology for initial US surveillance, 56 patients (69.1%) 
were seen by neurology or developmental pediatrics for a 
neurodevelopmental evaluation, 44 patients (54.3%) were 
seen by dermatology for a skin examination, and 30 pa-
tients (37.0%) were seen by gastroenterology to be 
screened for GI polyps (shown in Table 2).

Presenting clinical features associated with PHTS at 
initial diagnosis and postdiagnosis, along with the young-
est age of documented diagnosis, are reported in Table 3. 
The most common clinical feature at presentation was 
macrocephaly (85.1%) followed by ID (42.0%), skin/oral 
lesions (30.9%), and ASD (27.2%). Of the 30 patients with 
dermatological features, 22 (73.3%) were diagnosed with 
lipomas, 15 (50.0%) with freckling of the glans penis, 9 

(30.0%) with vascular malformations, 9 (30.0%) with 
trichilemmomas, 6 (20.0%) with hamartomas, 4 (13.0%) 
with papillomas, 3 (10.0%) with fibromas, 3 (10.0%) with 
acral keratoses, 3 (10.0%) with mucocutaneous lesions, 
and 1 (3.3%) with an arteriovenous malformation. Thirty 
patients were also evaluated by GI with the most common 
reason for referral secondary to symptoms, including a 
history of constipation (20/29, 69.0%), abdominal pain 
(14/29, 48.3%), and/or blood per rectum (9/29, 31.0%). 
One patient was referred for GI polyps secondary to the 
diagnosis of PHTS. Ultimately, 14/30 (46.7%) patients 
were found to have GI polyps between the ages of 18 
months and 18 years, with the average age of presentation 
at 8.7 years. In 5 of the 14 patients, the diagnosis of PHTS 
was made after referral for polyp-related GI symptoms. 
In 9 of the 14 patients, the polyps were diagnosed during 
PHTS-associated surveillance. All of the GI polyps that 
were resected were found to be histologically benign.

Thyroid Features in Patients with Constitutional P/LP 
PTEN Variants
A total of 58 of 81 patients underwent thyroid surveil-

lance, including 41 patients (70.7%) secondary to diagno-
sis of PHTS, 16 patients (27.6%) secondary to a pre-exist-
ing thyroid condition (thyroid nodule(s), Hashimoto’s 
thyroiditis, multinodular goiter, and/or asymmetric thy-
roid), and 1 patient (1.7%) secondary to a complaint of 
throat pain. Thyroid US surveillance was initiated be-
tween 19 months and 20 years of age, with the average and 
median ages of surveillance of 10.9 and 11.0 years, respec-
tively. Thirty patients were discovered to have thyroid 

Table 3. Clinical findings and youngest age of diagnosis in children with diagnosed PHTS

Clinical finding Presenting clinical feature, 
n (%)

Post-diagnosis phenotype,* 
n (%)

Youngest documented 
age, years

Macrocephaly 69 (85.1) 78/81 (96.3) <1
DD/ID 34 (42.0) 53/56 (94.6) 1
Skin and oral lesions 25 (30.9) 30/44 (68.2) 2
ASD 22 (27.2) 31/56 (55.4) 1
Penile freckling 14 (33.3) 15/42 (35.7) 3
Hypotonia 11 (13.6) 11/81 (13.6) <1
Breast lesions 5 (12.8) 5/39 (12.8) 14
GI polyps 5 (6.2) 14/30 (46.7) 1
Thyroid nodule(s) 3 (3.7) 30/58 (51.7) 5
Thyroid carcinoma 1 (1.2) 5/16 (31.3) 12

PHTS, phosphatase and tensin homolog hamartoma tumor syndrome; DD/ID, developmental delay/intel-
lectual disability; ASD, autistic spectrum disorder; GI, gastrointestinal. *Patients with documented clinical as-
sessment of finding included.
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nodules by presymptomatic US imaging (n = 23) or after 
identification of a palpable mass on physical examination 
(n = 7). The average ages of discovery of the nodules were 
12.0 and 13.6 years, respectively.

Thyroid nodules were identified on initial US screen-
ing in 27 patients and subsequent thyroid US monitoring 
in 3 patients. Of the 30 patients with thyroid nodules, 
66.7% (20/30) had multinodular disease (2 or more thy-
roid nodules) and 33.3% (10/30) had a solitary thyroid 
nodule. There was no difference in age between the pa-
tients with multinodular disease and patients with a soli-
tary nodule, presenting a mean of 10.9 and a median of 

11.0 years compared to a mean of 10.6 and a median of 
10.5 years, respectively. Nineteen patients (63.3%, 19/30) 
underwent FNA; 1 of 19 (5.3%) had nondiagnostic cytol-
ogy based on The Bethesda System for Reporting Thyroid 
Cytopathology (TBSRTC, category I), 6 of 19 (31.6%) had 
benign cytology (TBSRTC, category II), 12 of 19 (63.2%) 
had indeterminate cytology (TBSRTC categories III, IV, 
or V), and none had malignant cytology (TBSRTC cate-
gory VI) (Fig. 2). Ultimately, 16 of the 19 patients under-
went thyroidectomy, with 6 of 16 (37.5%) diagnosed with 
DTC, including follicular thyroid carcinoma (FTC, n = 2) 
and papillary thyroid carcinoma (PTC, n = 4).

Thyroid
ultrasound?

(n = 81)

Yes
(n = 58)

Nodules

Solitary
Multinodular

10
20

FNA
biopsy

(n = 19)

Unsatisfactory (I)

Benign (II)

Atypia/follicular lesion
of undetermined
significance (III)

Follicular neoplasm (IV)

Suspicious for
malignancy (V)

Malignant (VI)

0 1

1 5

0 7

0 4

1 0

0 0

TBSRTC
classification

Solitary
disease

Multinodular
disease

Benign 1 9
Malignant 1 5

Final
pathology

Solitary
disease

Multinodular
disease

Benign
(n = 10)

Surgery
(n = 16)

Malignant
(n = 6)

Adenoma
Hyperplastic
Lymphocytic
thyroiditis

7
5

4

Benign findings

FTC
PTC-classic

PTC-follicular
PTC-oncocytic

2
2
1
1

Malignant findings
Encapsulated

Capsular
Invasion
Vascular
Invasion

Yes

Yes
No

No

No
Yes

5
1
3
3
2
4

Tumor characteristics
Primary
tumor

(T)
TX 0
T0 0
T1a 2
T1b 0
T2 2
T3 2
T4 0

NX
N0
N1a
N1b

3
2
1
0

MX
M0
M1

3
3
0

Regional
lymph

nodes (N)

Distant
metastasis

(M)

TNM

Fig. 3. Thyroid features among PTEN variant-positive patients who underwent thyroidectomy. PTEN, phospha-
tase and tensin homolog; FTC, follicular thyroid carcinoma; PTC, papillary thyroid carcinoma.

Fig. 2. Thyroid features among PTEN variant-positive patients. PTEN, phosphatase and tensin homolog; TB-
SRTC, The Bethesda System for Reporting Thyroid Cytopathology; FNA, fine-needle aspiration; US, ultrasound.
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There were no permanent complications from FNA or 
thyroidectomy. Four individuals with nondiagnostic (n = 
1) or benign (n = 3) cytology elected total thyroidectomy 
due to a pre-existing thyroid condition (n = 1), a family 
history of thyroid malignancy (n = 1), or to minimize ex-
posure of general anesthesia during surveillance proce-
dures in patients with severe autism (n = 2). On surgical 
pathology, 3 of these 4 specimens were benign and one 
had a micro-focus of PTC (the tumor that was nondiag-
nostic by FNA). Of the 20 patients with multinodular dis-
ease, 14 underwent surgery with 35.7% (5/14) found to 
have malignant histology, including a classic papillary 
thyroid microcarcinoma (PTMC, n = 1), an encapsulated 
follicular variant PTC (n = 1), a minimally invasive FTC 
with one focus of PTMC (n = 1), a classic variant of PTC 
with 2 foci of PTMC (n = 1), and a minimally invasive 
FTC (n = 1). Of the 10 patients with a solitary nodule, 2 
underwent surgery, with 1 patient found to have an on-
cocytic PTC and the other found to have a benign, fol-
licular adenoma.

All thyroid cancer patients were older than 10 years at 
diagnosis, with the youngest being 12 years old, and all 
thyroid cancers displayed low-invasive features classified 
as low risk for persistent postsurgical disease by the 
American Thyroid Association pediatric guidelines 
(shown in Fig. 3) [11]. One patient with PTC, a 17-year-
old male, had 2 foci of uptake on postoperative radioio-
dine whole body scan consistent with central neck lymph 
node metastasis. The remaining 5 patients had no radio-
logical or surgical evidence of extrathyroidal disease. All 
patients with DTC have achieved remission, defined as 
an undetectable, non-TSH-stimulated thyroglobulin lev-
el, an undetectable antithyroglobulin level, and no evi-
dence of persistent disease on postsurgical radiological 
imaging.

Of the patients younger than 10 years at the time of 
initiation of thyroid US surveillance, 15/21 (71.4%) had a 
normal US and the remaining 6 patients younger than 10 
years had thyroid nodule(s). Four of the 6 patients under-
went FNA biopsy, and all of the nodules either had benign 
(n = 1) or indeterminate (n = 3) cytopathology including 
follicular lesion of unknown significance (n = 2; TBSRTC 
category III) and follicular neoplasm (n = 1; TBSRTC cat-
egory IV). These 4 patients underwent thyroid surgery, 
and all had benign histology. Of the 23 patients who did 
not undergo thyroid US monitoring, 10 (43.5%) had been 
referred for US, but the study was never completed, and 
13 (56.5%) were not referred based on the patient’s age 
and the contemporary thyroid US surveillance recom-
mendations at the time of clinical evaluation (Fig. 2).

Constitutional PTEN Variant Spectrum for  
Genotype-Phenotype Analysis
Of the 77 patients who had genetic testing performed, 

PTEN sequencing results from 12 patients were excluded 
from analysis because the precise DNA variant, predicted 
protein change, and/or location of the variant could not 
be confirmed. Individuals with identical PTEN variants 
presented with similar clinical features (shown in Fig. 4). 
Of the 65 patients in our analysis, 11 patients (11/65, 
16.9%) were found to have variants located in previously 
reported hot spots, including R233X in exon 7 (n = 5), 
R130X in exon 5 (n = 3), and R335X in exon 8 (n = 3) [17, 
18]. Individuals with variants R130X in exon 5 (n = 3), 
R335X in exon 8 (n = 3), and R173C in exon 6 (n = 2) pre-
sented with thyroid nodules, demonstrating potential 
genotype-phenotype associations of PHTS; however, 
there was no observed association between PHTS and 
thyroid carcinoma identified in this cohort.

Discussion/Conclusion

We analyzed 81 patients with PHTS diagnosed prior 
to 19 years of age, making this the largest comprehensive 
review of clinical features in pediatric patients with PHTS 
from a single institution. Previous studies have com-
prised smaller pediatric cohorts, segmented review of the 
clinical spectrum of PHTS, and/or combined analysis of 
both pediatric and adult patients [7, 10, 12–14, 19–21]. 
Overall, our results support that pediatric patients with 
macrocephaly in combination with DD/ID/ASD, thyroid 
nodules, GI polyps, and/or skin lesions (lipomas, penile 
freckling, vascular malformations, trichilemmomas, 
hamartomas, papillomas, fibromas, acral keratoses, mu-
cocutaneous lesions, and arteriovenous malformations) 
should undergo PTEN testing via referral to genetic con-
sultation (shown in Table  3). Patients diagnosed with 
PHTS presenting with persistent abdominal pain, rectal 
bleeding, and/or severe constipation are recommended 
to undergo endoscopy and/or colonoscopy to assess for 
early-onset GI polyps. This corroborates previous studies 
suggesting PTEN testing for pediatric patients with mac-
rocephaly and DD as well as the pediatric-specific guide-
lines in GeneReviews® and Cleveland Clinic PTEN Risk 
Calculator [12, 14, 20, 22, 23].

Based on the current guidelines, the majority of pa-
tients (71.6%) in our cohort had a thyroid US completed 
at the time of data analysis (shown in Table 2) [6, 24, 25]. 
Approximately 50% of patients (30/58) that had a US 
were found to have a nodule; however, only 6 noninvasive 
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DTCs were ultimately diagnosed (6/81, 7.4%), including 
2 FTCs and 4 PTCs with no distant metastasis. These re-
sults are consistent with previously published data re-
porting that 5% of individuals with PHTS younger than 
20 years develop DTC [7, 16]. There were no patients in 
our cohort diagnosed with DTC prior to 10 years of age, 
with the youngest diagnosed at 12 years old (shown in 
Table 3). Within the cohort of patients younger than 10 
years, 6 patients were found to have thyroid nodules 
(6/19, 31.6%), with 4 having benign or indeterminate 
(TBSRTC categories III or IV) cytology after FNA, and all 
diagnosed with benign disease after thyroidectomy 
(shown in Fig. 2, 3). None had recurrent laryngeal nerve 
damage or hypoparathyroidism, although all thyroidec-
tomy patients (16/16) are on life-long thyroid hormone 
replacement therapy.

Previous studies exploring the clinical spectrum of 
PHTS in pediatrics have confirmed a diagnosis of thyroid 

cancer in 9 patients younger than 10 years, with the 
youngest presenting DTC at 4 years old [13, 16]. Smith 
and colleague’s report of one patient diagnosed with DTC 
at 7 years of age [13]. This report, along with data from 
the Cleveland Clinical PTEN registry reporting a 9-fold 
risk of thyroid cancer in patients younger than 19 years, 
prompted a change in recommendation to begin thyroid 
monitoring before 18 years of age [26]. Most recently, the 
National Comprehensive Cancer Network recommend-
ed US monitoring begin at 7 years old [25].

Although early thyroid monitoring provided an op-
portunity for early detection of thyroid nodules, our re-
sults do not demonstrate a clinical advantage of initiating 
US surveillance prior to 10 years of age. With the high 
prevalence of benign thyroid nodules in pediatric patients 
with PHTS, the high rate of indeterminate cytology (63%, 
12/19; Fig. 2), and the observation that DTC in patients 
with PHTS most commonly displays low-invasive disease 
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Fig. 4. Reported PTEN pathogenic variants and associated clinical presentation. The genotype is indicated by the 
DNA variant and/or predicted protein change above or below the box, and the phenotype is represented by shad-
ing the appropriate clinical finding(s). Each box is linked to its respective exon coding region. Patients with iden-
tical PTEN sequencing results are connected by a line. Patients with thyroid malignancy are shaded in black. DD/
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behavior (i.e., a low risk for regional and distant metasta-
sis; Fig. 3), detection of thyroid nodules in prepubertal 
children does not appear to provide a distinct benefit [10, 
13, 14, 27]. While it is well accepted that the development 
of PHTS-associated DTC is progressive with increasing 
risk over advancing age, the lack of a difference in the 
mean or median age between patients in our cohort with 
solitary versus multinodular disease (a mean of 10.6 and 
a median of 10.5 years vs. a mean of 10.9 and a median of 
11.0 years, respectively) suggests that the rate of progres-
sion is slow and that the risk may not increase until the 
2nd or 3rd decade of life. A recent, retrospective, single-
site review of adult patients with PHTS reported a mean 
age of 28.5 years at the time of diagnosis of DTC, with a 
range between 16 and 41 years [28]. Similar to patients 
with sporadic nodules not associated with PHTS, the rate 
of malignancy was higher in patients with solitary nod-
ules (50%, 1/2) than in patients with multinodular goiter 
(35.7%, 5/14) [29]. Unfortunately, the small number of 
patients with a solitary nodule who underwent surgical 
resection in our cohort was too small to draw a meaning-
ful conclusion.

Based on these observations, we agree with the pro-
posed recommendation of Jonker and colleagues that 
children with a pathogenic PTEN variant begin thyroid 
US monitoring no earlier than 10 years of age [16] and at 
the latest by 18 years of age, in keeping with the recent 
recommendation by the European PHTS Guideline De-
velopment Group [30]. This approach would provide the 
potential benefit of early detection of PHTS-associated 
DTC while reducing the risk for invasive procedures 
(FNA and/or thyroidectomy) that do not appear to have 
a clinical advantage. Our data also suggest that there is a 
high likelihood for indeterminate cytology. Within this 
population, however, it is unlikely that somatic oncogene 
analysis of indeterminate cytology would provide addi-
tional information to stratify patients for observation ver-
sus surgery as driver mutations are mutually exclusive 
events in the majority of noninvasive DTC [31]. In the 
setting of low-risk invasive DTC, one could offer observa-
tion to patients with TBSRTC category III cytology; how-
ever, the burden of surveillance must be considered with-
in the context of the benefit of a confirmed diagnosis and 
the high likelihood of achieving surgical remission. An 
improved understanding of PHTS-associated DTC is 
critical to optimize anticipatory guidance and education 
so that patients and families can participate in an in-
formed decision-making process.

As with any retrospective chart review, this case series 
is limited by what is accessible in the hospital electronic 

medical record and variation of patient information doc-
umented by medical professionals. The relatively short 
amount of time included in this review, between 2003 and 
2019, decreases but does not eliminate the variance in the 
approach to care based on individual providers and 
changes in consensus guidelines. Since 2010, the variance 
in the approach to surveillance and care has improved 
with the formation of the CHOP Thyroid Center in 2009 
and the recent formation of a multidisciplinary PHTS 
clinic in 2020, which includes evaluation by specialists 
from the Cancer Predisposition Program, the Compre-
hensive Vascular Anomalies program, genetics, the Thy-
roid Center, gastroenterology, dermatology, neurology, 
immunology, developmental pediatrics, and psychology.

Conclusion

There does not appear to be a clinical advantage for 
initiating thyroid US surveillance prior to 10 years of age 
secondary to the low risk for developing PHTS-associated 
DTC prior to adolescence. In addition, early thyroid 
monitoring may not significantly improve outcomes of 
thyroid cancer as the majority of PHTS-related DTC ex-
hibit low-invasive behavior with no reports of distant me-
tastasis found in a PubMed literature search at the time of 
submission of this article. We support the proposal that 
children with a pathogenic PTEN variant begin thyroid 
US examination after 10 years of age, with an annual thy-
roid US thereafter to ensure early detection of DTC while 
reducing the possibility of unnecessary interventions, 
such as FNA and thyroid surgery. Pediatric patients with 
macrocephaly and associated impaired cognitive devel-
opment, thyroid nodules, and/or early-onset GI polyps 
should undergo constitutional testing for pathogenic 
variants of PTEN.

Statement of Ethics

This retrospective study involving human subjects was re-
viewed and approved by the Children’s Hospital of Philadelphia 
Institutional Review Board (CHOP IRB #17-014224). Written in-
formed consent from the participant and/or participants’ legal 
guardian was not required per the CHOP IRB; a waiver of consent/
parental permission has been approved per 45 CFR 46.116(d).

Conflict of Interest Statement

There are no conflicts of interest.

D
ow

nl
oa

de
d 

by
: 

U
ni

ve
rs

ity
 o

f P
en

ns
yl

va
ni

a
16

5.
12

3.
34

.8
6 

- 
4/

26
/2

02
1 

6:
33

:1
8 

P
M



Thyroid Surveillance for Pediatric PTEN 
Hamartoma Tumor Syndrome

9Horm Res Paediatr
DOI: 10.1159/000515731

Funding Sources

This work was supported in part by a grant from NIH 
R01CA21451 (A.T.F.) and a St. Baldrick’s Foundation Consortium 
Research Grant 696761 (S.P.M., G.M.B., and K.Z.).

Author Contributions

A.J.B. devised the project. J.A.B. collected the data, performed 
the analysis, and created the tables and figures. A.J.B. and J.A.B. 
wrote the manuscript with support and critical review by S.D.T., 
I.A., G.M.B., S.P.M., K.Z., D.A., and A.F.T. All authors discussed 
the results and provided editorial review of the manuscript.

References

  1	 Abdulkareem IH, Blair M. Phosphatase and 
tensin homologue deleted on chromosome 
10. Niger Med J. 2013; 54(2): 79–86.

  2	 Song MS, Salmena L, Pandolfi PP. The func-
tions and regulation of the PTEN tumour 
suppressor. Nat Rev Mol Cell Biol. 2012; 

13(5): 283–96.
  3	 Lachlan KL, Lucassen AM, Bunyan D, Tem-

ple IK. Cowden syndrome and Bannayan Ri-
ley Ruvalcaba syndrome represent one condi-
tion with variable expression and age-related 
penetrance:  results of a clinical study of PTEN 
mutation carriers. J Med Genet. 2007; 44(9): 

579–85.
  4	 Yehia L, Eng C. 65 years of the double helix:  

one gene, many endocrine and metabolic syn-
dromes:  PTEN-opathies and precision medi-
cine. Endocr Relat Cancer. 2018; 25(8): T121–
T40.

  5	 Eng C. PTEN:  one gene, many syndromes. 
Hum Mutat. 2003; 22(3): 183–98.

  6	 Eng C. PTEN hamartoma tumor syndrome. 
In:  Adam MP, Ardinger HH, Pagon RA, Wal-
lace SE, Bean LJH, Stephens K, et al., editors. 
GeneReviews®. Seattle, WA:  University of 
Washington;  1993.

  7	 Tan MH, Mester JL, Ngeow J, Rybicki LA, Or-
loff MS, Eng C. Lifetime cancer risks in indi-
viduals with germline PTEN mutations. Clin 
Cancer Res. 2012; 18(2): 400–7.

  8	 Tuttle RM, Ball DW, Byrd D, Dilawari RA, 
Doherty GM, Duh QY, et al. Thyroid carci-
noma. J Natl Compr Canc Netw. 2010; 8(11): 

1228–74.
  9	 American Thyroid Association Guidelines 

Taskforce on Thyroid N, Differentiated Thy-
roid C, Cooper DS, Cooper DS, Doherty GM, 
Haugen BR, Hauger BR, Kloos RT, et al. Re-
vised American Thyroid Association man-
agement guidelines for patients with thyroid 
nodules and differentiated thyroid cancer. 
Thyroid. 2009; 19(11): 1167–214.

10	 Ngeow J, Mester J, Rybicki LA, Ni Y, Milas M, 
Eng C. Incidence and clinical characteristics 
of thyroid cancer in prospective series of indi-
viduals with Cowden and Cowden-like syn-
drome characterized by germline PTEN, 
SDH, or KLLN alterations. J Clin Endocrinol 
Metab. 2011; 96(12): E2063–71.

11	 Francis GL, Waguespack SG, Bauer AJ, Ange-
los P, Benvenga S, Cerutti JM, et al. Manage-
ment guidelines for children with thyroid 
nodules and differentiated thyroid cancer. 
Thyroid. 2015; 25(7): 716–59.

12	 Hansen-Kiss E, Beinkampen S, Adler B, Fra-
zier T, Prior T, Erdman S, et al. A retrospec-
tive chart review of the features of PTEN ham-
artoma tumour syndrome in children. J Med 
Genet. 2017; 54(7): 471–8.

13	 Smith JR, Marqusee E, Webb S, Nose V, Fish-
man SJ, Shamberger RC, et al. Thyroid nod-
ules and cancer in children with PTEN ham-
artoma tumor syndrome. J Clin Endocrinol 
Metab. 2011; 96(1): 34–7.

14	 Smpokou P, Fox VL, Tan WH. PTEN hamar-
toma tumour syndrome:  early tumour devel-
opment in children. Arch Dis Child. 2015; 

100(1): 34–7.
15	 Schultz KAP, Rednam SP, Kamihara J, Doros 

L, Achatz MI, Wasserman JD, et al. PTEN, 
DICER1, FH, and their associated tumor sus-
ceptibility syndromes:  clinical features, genet-
ics, and surveillance recommendations in 
childhood. Clin Cancer Res. 2017; 23(12): 

e76–e82.
16	 Jonker LA, Lebbink CA, Jongmans MCJ, 

Nievelstein RAJ, Merks JHM, Nieveen van 
Dijkum EJM, et al. Recommendations on sur-
veillance for differentiated thyroid carcinoma 
in children with PTEN hamartoma tumor 
syndrome. Eur Thyroid J. 2020; 9(5): 234–42.

17	 Bonneau D, Longy M. Mutations of the hu-
man PTEN gene. Hum Mutat. 2000; 16(2): 

109.
18	 Hobert JA, Eng C. PTEN hamartoma tumor 

syndrome:  an overview. Genet Med. 2009; 

11(10): 687–94.
19	 Milas M, Mester J, Metzger R, Shin J, Mitchell 

J, Berber E, et al. Should patients with Cowden 
syndrome undergo prophylactic thyroidec-
tomy? Surgery. 2012; 152(6): 1201–10.

20	 Piccione M, Fragapane T, Antona V, Giachi-
no D, Cupido F, Corsello G. PTEN hamarto-
ma tumor syndromes in childhood:  descrip-
tion of two cases and a proposal for follow-up 
protocol. Am J Med Genet A. 2013; 161A(11): 

2902–8.
21	 Smith JR, Liu E, Church AJ, Asch E, Cherella 

CE, Srivastava S, et al. Natural history of thy-
roid disease in children with PTEN hamar-
toma tumor syndrome. J Clin Endocrinol 
Metab. 2020; 106: e1121–30.

22	 Ciaccio C, Saletti V, D’Arrigo S, Esposito S, 
Alfei E, Moroni I, et al. Clinical spectrum of 
PTEN mutation in pediatric patients. A bi-
center experience. Eur J Med Genet. 2018; 62: 

103596.
23	 Eng C. Cleveland Clinic PTEN Risk Calcula-

tor 2020 [Cleveland Clinic PTEN Risk Calcu-
lator]. Available from:  https: //www.lerner.
ccf.org/gmi/ccscore/.

24	 Daly MB, Pilarski R, Berry M, Buys SS, Farm-
er M, Friedman S, et al. NCCN guidelines in-
sights:  genetic/familial high-risk assessment:  
breast and ovarian, version 2.2017. J Natl 
Compr Canc Netw. 2017; 15(1): 9–20.

25	 Genetic/familial high-risk assessment:  breast, 
ovarian, and pancreatic (v2.2021). National 
Comprehensive Cancer Network Guidelines. 
2020.

26	 Ngeow J, Eng C. PTEN hamartoma tumor 
syndrome:  clinical risk assessment and man-
agement protocol. Methods. 2015; 77–78: 11–
9.

27	 Plamper M, Schreiner F, Gohlke B, Kionke J, 
Korsch E, Kirkpatrick J, et al. Thyroid disease 
in children and adolescents with PTEN ham-
artoma tumor syndrome (PHTS). Eur J Pedi-
atr. 2018; 177(3): 429–35.

28	 Szabo Yamashita T, Baky FJ, McKenzie TJ, 
Thompson GB, Farley DR, Lyden ML, et al. 
Occurrence and natural history of thyroid 
cancer in patients with Cowden syndrome. 
Eur Thyroid J. 2020; 9(5): 243–6.

29	 Sippel RS, Elaraj DM, Khanafshar E, Kebebew 
E, Duh QY, Clark OH. Does the presence of 
additional thyroid nodules on ultrasound al-
ter the risk of malignancy in patients with a 
follicular neoplasm of the thyroid? Surgery. 
2007; 142(6): 851–2. discussion 7 e1–2.

30	 Tischkowitz M, Colas C, Pouwels S, Hooger-
brugge N, Group PGD;  European Reference 
Network G. Cancer surveillance guideline for 
individuals with PTEN hamartoma tumour 
syndrome. Eur J Hum Genet. 2020; 28(10): 

1387–93.
31	 Bauer AJ. Pediatric thyroid cancer:  genetics, 

therapeutics and outcome. Endocrinol Metab 
Clin North Am. 2020; 49(4): 589–611.

D
ow

nl
oa

de
d 

by
: 

U
ni

ve
rs

ity
 o

f P
en

ns
yl

va
ni

a
16

5.
12

3.
34

.8
6 

- 
4/

26
/2

02
1 

6:
33

:1
8 

P
M

https://www.karger.com/Article/FullText/515731?ref=1#ref1
https://www.karger.com/Article/FullText/515731?ref=2#ref2
https://www.karger.com/Article/FullText/515731?ref=3#ref3
https://www.karger.com/Article/FullText/515731?ref=4#ref4
https://www.karger.com/Article/FullText/515731?ref=5#ref5
https://www.karger.com/Article/FullText/515731?ref=6#ref6
https://www.karger.com/Article/FullText/515731?ref=7#ref7
https://www.karger.com/Article/FullText/515731?ref=7#ref7
https://www.karger.com/Article/FullText/515731?ref=8#ref8
https://www.karger.com/Article/FullText/515731?ref=9#ref9
https://www.karger.com/Article/FullText/515731?ref=10#ref10
https://www.karger.com/Article/FullText/515731?ref=10#ref10
https://www.karger.com/Article/FullText/515731?ref=11#ref11
https://www.karger.com/Article/FullText/515731?ref=12#ref12
https://www.karger.com/Article/FullText/515731?ref=12#ref12
https://www.karger.com/Article/FullText/515731?ref=13#ref13
https://www.karger.com/Article/FullText/515731?ref=13#ref13
https://www.karger.com/Article/FullText/515731?ref=14#ref14
https://www.karger.com/Article/FullText/515731?ref=15#ref15
https://www.karger.com/Article/FullText/515731?ref=16#ref16
https://www.karger.com/Article/FullText/515731?ref=17#ref17
https://www.karger.com/Article/FullText/515731?ref=18#ref18
https://www.karger.com/Article/FullText/515731?ref=19#ref19
https://www.karger.com/Article/FullText/515731?ref=20#ref20
https://www.karger.com/Article/FullText/515731?ref=21#ref21
https://www.karger.com/Article/FullText/515731?ref=21#ref21
https://www.karger.com/Article/FullText/515731?ref=22#ref22
https://www.karger.com/Article/FullText/515731?ref=24#ref24
https://www.karger.com/Article/FullText/515731?ref=24#ref24
https://www.karger.com/Article/FullText/515731?ref=26#ref26
https://www.karger.com/Article/FullText/515731?ref=27#ref27
https://www.karger.com/Article/FullText/515731?ref=27#ref27
https://www.karger.com/Article/FullText/515731?ref=28#ref28
https://www.karger.com/Article/FullText/515731?ref=29#ref29
https://www.karger.com/Article/FullText/515731?ref=30#ref30
https://www.karger.com/Article/FullText/515731?ref=31#ref31
https://www.karger.com/Article/FullText/515731?ref=31#ref31

	startTableBody
	startTableBody
	startTableBody

