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A B S T R A C T   

Patients with PTEN Hamartoma Tumour Syndrome (PHTS) are at increased risk of developing cancer. Many adult 
PHTS patients are not recognized as such and do not receive the cancer surveillance they need. Our aim was to 
define phenotypic characteristics that can easily be assessed and manifest by early adulthood, and hence could 
serve as red flags (i.e. alerting signals) for early recognition of adult patients at high risk of PHTS. Phenotypic 
characteristics including macrocephaly, multinodular goitre (MNG), and oral features were examined in 81 
paediatric and 86 adult PHTS patients by one of two medical experts during yearly surveillance visits at our 
Dutch PHTS expert centre between 1997 and 2020. MNG was defined as signs of thyroid nodules and/or goitre. 
Oral features included gingival hypertrophy, high palate (adults only) and oral papillomas. Based on the char-
acteristics’ prevalence in different age groups, combinations of phenotypic characteristics were defined and 
evaluated on their potential to recognize individuals with PHTS. Macrocephaly was present in 100% of paediatric 
and 67% of adult patients. The prevalence of MNG was ~50% in paediatric and gradually increased to >90% in 
adult patients. Similar percentages were observed for any of the oral features. Scoring two out of three of these 
characteristics yielded a sensitivity of 100% (95%CI 94–100%) in adults. The presence of the combination 
macrocephaly, MNG, or multiple oral features could serve as a red flag for general practitioners, medical spe-
cialists, and dentists to consider further assessment of the diagnosis PHTS in adults. In this way, recognition of 
adult PHTS patients might be improved and cancer surveillance can be offered timely.   

1. Introduction 

PTEN Hamartoma Tumour Syndrome (PHTS) is a hereditary cancer 
syndrome caused by pathogenic germline variants in the PTEN gene and 
is used as an umbrella term for multiple overgrowth disorders, including 
Cowden Syndrome and Bannayan-Riley-Ruvalcaba syndrome. The 
clinical manifestations include benign and malignant tumours, neuro-
developmental disorders, brain abnormalities, immune dysfunction, and 
skin lesions, among others (Pilarski, 2019; Yehia et al., 2020). Adult 
PHTS patients have a high lifetime risk to develop cancer, often at an 
early age (Hendricks et al., 2020). To enable early detection and treat-
ment of cancer, it is important to timely recognize PHTS patients and to 
start cancer surveillance early. However, a common problem of 

hereditary cancer syndromes is the poor recognition of patients at risk 
(Manchanda et al., 2018; Dekker et al., 2013), leading to considerable 
underdiagnosis. As a result, most adult PHTS patients do not receive 
proper cancer surveillance. 

The severe underdiagnosis of PHTS is related to multiple factors. 
Testing and diagnostic criteria for PHTS are complex due to the broad 
range of clinical symptoms and consist of various major and minor 
criteria (National Comprehensive Cancer Network). Hence, involvement 
of medical specialists from different disciplines is often needed. 
Furthermore, due to phenotypic variability and age-related penetrance, 
not all clinical characteristics are present at the time of initial PHTS 
diagnosis (Lachlan et al., 2007). In addition, many clinical symptoms 
may be overlooked as they are common in the general population, such 
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as breast fibroadenomas and thyroid nodules (Pilarski et al., 2013). 
Moreover, general practitioners and medical specialists rarely see a 
PHTS patient, due to the low prevalence of 1 in 200,000 (Yehia et al., 
2020), and might not (immediately) consider a PHTS diagnosis. 

Especially the recognition of adult PHTS patients, those who devel-
oped PHTS-related symptoms after (early) childhood, is limited. Paedi-
atric PHTS patients often present with autism spectrum disorder or 
developmental delay (Yehia et al., 2020), which currently serves as a red 
flag (i.e. alerting signal) to consider genetic testing, especially when 
co-occurring with macrocephaly. For adult patients, no easy-to-use red 
flags have been identified yet. The aim of this study was to define a small 
set of phenotypic characteristics that can easily be assessed and manifest 
by early adulthood, which could serve as red flags for general practi-
tioners, medical specialists, and dentists, for early recognition of adult 

patients at high risk of PHTS. 

2. Methods 

2.1. Setting 

In this retrospective cohort study, PHTS patients who are under 
surveillance at the Radboud university medical centre, a Dutch PHTS 
expert centre, were included. PHTS diagnoses were established based on 
the detection of a pathogenic germline variant in the PTEN gene using 
(previous versions of) the Association for Clinical Genetic Science/Dutch 
Society of Clinical Genetic Laboratory Specialists (ACGS/VKGL) guide-
line as the main directive for variant classification (Wallis et al., 2013). 
The phenotype of paediatric (<18 years) and adult (≥18 years) patients 

Fig. 1. Illustration of oral features in adult PHTS patients. A: Gingival hypertrophy, B: High palate, C: Tongue papillomas, D: Mucosa papillomas. Abbreviations: 
PHTS: PTEN Hamartoma Tumour Syndrome. 
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was each examined by one of two medical experts (JS or NH) during 
yearly surveillance visits between 1997 and 2020. 

2.2. Phenotypic information 

Phenotypic characteristics that are easy assessable and highly prev-
alent in PHTS patients were examined in paediatric and adult patients. 
These characteristics include macrocephaly, signs of thyroid nodules 
and/or goitre, and oral features including gingival hypertrophy, high 
palate, and tongue and/or mucosa papillomas. Other PHTS-related 
phenotypic characteristics were not systematically assessed for the 
purpose of this study. Macrocephaly was defined as a head circumfer-
ence greater than the 97th percentile of the Dutch population at a given 
age. For adult patients fixed cut-offs were used: >58.5 cm for female and 
>61.5 cm for male adults (Stichting Opsporing Erfelijke Tumoren en 
Vereniging Klinische Genetica Nederland). For paediatric patients, 
cut-offs were dependent on the age of the patient. In this study, signs of 
thyroid nodules and/or goitre were considered to be part of a process 
resulting in multinodular goitre (MNG) and are further referred to as 
MNG. The presence of MNG was examined with thyroid ultrasound, 
which is performed yearly in our centre in PHTS patients from 12 years 
of age onwards. The presence of oral features was assessed by visual 
examination of the oral cavity in both paediatric and adult patients 
except for high palate, which was assessed in adults only. High palate 
was defined as a palatal height more than twice the height of the teeth at 
the level of the first permanent molar. An illustration of each of these 
oral features is depicted in Fig. 1. Data regarding all phenotypic char-
acteristics mentioned above were extracted from patients’ medical re-
cords and represent the presence of each characteristic up until last day 
of clinical follow-up. Based on the prevalence of these characteristics in 
different age groups, combinations of phenotypic characteristics were 
defined and evaluated on their potential to recognize adult patients with 
PHTS. Subsequently, the most promising combination was compared to 
the testing criteria from the National Comprehensive Cancer Network 
(NCCN) (National Comprehensive Cancer Network). 

2.3. Additional clinical information of adult patients 

To further define the adult patient cohort, additional information 
regarding PHTS-related clinical signs was extracted from patients’ 
medical records up until last day of follow-up. These characteristics 
include the presence of Lhermitte-Duclos disease, arteriovenous mal-
formations, benign breast disease, and medical history of cancer per 
subtype. Benign breast disease was defined as the presence of fibroa-
denomas or hamartomas. In addition, the presence of skin lesions was 
evaluated during the first visit of the patient to our centre. These lesions 
include trichilemmomas, lipomas, acanthosis nigricans, and the pres-
ence of acral keratoses on the hands and/or feet. 

3. Statistical analyses 

Continuous data are reported as median (interquartile range (IQR)) 
and categorical variables as counts and percentages. The prevalence and 
sensitivity of a small set of (combined) easy assessable and highly 
prevalent phenotypic characteristics, including macrocephaly, MNG, 
and oral features, was assessed for the entire cohort and for paediatric 
and adult patients separately. Differences between paediatric and adult 
patients were assessed using the Chi-squared or Fisher’s exact test. 
Differences in sensitivity between several combinations of characteris-
tics were assessed using the McNemar Exact test in patients with com-
plete data for both combinations. In addition, sensitivity analyses were 
performed to evaluate the performance of the most promising combi-
nation in probands versus non-probands. Probands were defined as the 
first person in the family diagnosed with PHTS because of clinical 
symptoms. All statistical analyses were performed in R version 3.6.2 and 
two-sided P-values <0.05 were considered statistically significant. 

4. Results 

4.1. Study participants 

In total, 167 PHTS patients were included in this study of which 81 
(49%) paediatric and 86 (51%) adult patients. The median age at last 
day of follow-up for the entire cohort was 25 years (IQR: 9–41 years). 
For paediatric patients, the median age was 9 years (IQR: 5–12 years) 
and for adults 40 years (IQR: 28–49 years). In total, the cohort included 
88 (53%) females of whom 29 paediatric and 59 adult patients. Of all 
adult patients, 41 (48%) were probands and 45 (52%) were non- 
probands. The median age at last follow-up was 42 years (IQR: 27–50 
years) and 39 years (IQR: 28–44 years) for probands and non-probands, 
respectively. About half of the non-probands were parents of probands, 
and the other half equally consisted of children, siblings, and second- 
degree relatives of a proband. 

4.2. Prevalence of phenotypic characteristics 

Of all 167 patients, 83% had macrocephaly and 84% was diagnosed 
with MNG. The majority of patients had oral features, including gingival 
hypertrophy (68%), a high palate (89%, adult patients only), and oral 
papillomas (71% tongue and/or mucosa papillomas; 67% tongue and 
31% mucosa papillomas). Adult patients had less often (67%) macro-
cephaly compared to paediatric patients (100%; Table 1). MNG, gingival 
hypertrophy, and oral papillomas gradually developed over time 
(Fig. 2). The presence of MNG was reported in 41% of paediatric and 
93% of adult patients, gingival hypertrophy in 44% and 94%, and oral 
papillomas in 54% and 88%, respectively. In both paediatric and adult 
patients, papillomas were located more often on the tongue (54% and 
80%, respectively) compared to the mucosa (0% and 62%, respectively; 
Table 1). 

All patients presented with ≥1 out of three oral features and 75% 
(95%CI 67–82%) with ≥2 out of three oral features. The sensitivity of 
≥2 oral features was 49% (95%CI 37–62%) in paediatric and 99% (95% 
CI 91–100%) in adult patients. No significant differences in sensitivity 
were found between ≥1 or ≥2 oral features in both paediatric and adult 
patients. Only in adults a combination of all 3 oral features was assessed 
and yielded a sensitivity of 70% (95%CI 57–80%), which was signifi-
cantly worse compared to ≥1 oral features (P ≤ 0.001; Table 1). All 
phenotypic characteristics were statistically different between paediat-
ric and adult patients (P ≤ 0.001), however, there were no differences 
between adult probands and non-probands. 

The presence of other PHTS-related clinical signs in adult patients is 
described in Table 2. None of these characteristics were present in the 
majority of the adult patient cohort except for acral keratoses, which 
were observed in 78% of adult patients. In total, 29 malignancies were 
found in all 86 adult patients of which breast cancer was most common. 

4.3. Combinations of phenotypic characteristics in adult patients 

The performance of combined phenotypic characteristics was 
assessed in adults only, because most characteristics were not fully 
expressed yet in paediatric patients (Fig. 2). The sensitivity of scoring 
two out of three characteristics including macrocephaly, MNG or ≥1 out 
of three oral features was 100% (95%CI 94–100%). This was 100% (95% 
CI 94–100%) and 91% (95%CI 81–96%) when the oral component was 
restricted to ≥2 or all 3 features, respectively (Table 1). The sensitivity 
of the combination including ≥2 oral features was not statistically 
different from the combinations including ≥1 (P = 1.00) or all 3 oral 
features (P = 0.25). Furthermore, no significant differences were 
observed between the combination including all 3 oral features and the 
combination including ≥1 oral features (P = 0.06). Ultimately, the 
combination including macrocephaly, MNG or ≥2 out of three oral 
features was considered as most promising given the optimal balance 
between sensitivity and potential specificity. All adults met this 
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proposed combination, regardless of age (Fig. 2). The sensitivity of the 
proposed combination was similar between probands and non- 
probands. The NCCN testing criteria were met by 98% of adult pa-
tients in whom it could be assessed (N = 60/61). All adult patients who 
met the NCCN testing criteria and in whom the proposed combination 
could be assessed, also fulfilled the proposed combination (N = 56/56). 

5. Discussion 

In this large PHTS cohort, easy assessable phenotypic characteristics 
that manifest by early adulthood were evaluated on their potential to 
serve as red flags (i.e. alerting signals) for early recognition of adult 
PHTS patients. Having at least two out of three characteristics including 
macrocephaly, MNG, or ≥2 out of three oral features, referred to as red 
flags, was considered as most promising. When scoring at least two out 
of these three red flags, 100% (95%CI 94–100%) of adult patients was 
identified as being at high risk of PHTS. The prevalence of MNG and oral 
features was low in paediatric patients and gradually increased with age, 
indicating that scoring two out of three red flags is only applicable for 
the identification of patients at adult age. 

In our cohort the prevalence of MNG (84%) was higher compared to 
previously shown by Milas et al. (2012) and Bubien et al. (2013) who 
reported a prevalence of 38% and 62%, respectively (Milas et al., 2012; 
Bubien et al., 2013). The less stringent definition of MNG that we 
applied could have contributed to the higher prevalence that we 
observed. Furthermore, the lower prevalence found by Milas et al. 
(2012) might be explained by the fact that children aged <12 were taken 
into account in contrast to our study. Consequently, the median age of 
their cohort was lower. Differences in sex might clarify the lower 
prevalence observed by Bubien et al. (2013), since women seem to 
develop MNG more often (Zheng et al., 2015), which is also supported 
by our data. 

As shown by recent case-reports, oral features are being increasingly 
acknowledged as a PHTS-related clinical manifestation in adults 
(Molière and Mathelin, 2020). The high prevalence of oral papillomas 
(71%) in our cohort is consistent with other studies ranging from 41 to 
86% (Bubien et al., 2013; Pilarski et al., 2011; Starink et al., 1986). The 
highest estimate was based on a cohort including the highest proportion 
of adults, which supports the development of oral papillomas with age. 
Our study is one of the first to report on the prevalence of gingival 

hypertrophy and a high palate in adult PHTS patients whereby a prev-
alence of ~90% was found. The reason for not reporting these features is 
likely because they are not part of the testing and diagnostic criteria for 
PHTS. Although we observed that oral features were not fully expressed 
yet or not routinely examined in paediatric patients, they might also be 
helpful in the identification of patients at paediatric age. 

In our adult cohort only 67% had macrocephaly which is lower 
compared to the prevalence of 84% that was previously reported for 
adults by Pilarski et al. (2011) (Pilarski et al., 2011). This discrepancy 
might partially be attributed to differences in head circumference 
cut-offs for macrocephaly. The Dutch cut-offs (>97th percentile) are 
slightly stricter than the international cut-offs (≥97th percentile). When 
applying international cut-offs, 80/85 patients (94%) would have been 
classified as having macrocephaly, which is remarkably higher than 
when using Dutch cut-offs. Hence, scoring two out of three red flags is 
more conservative in recognizing adult patients at risk of PHTS and 
would perform even better when using international cut-offs. When 
knowing that macrocephaly remains present once developed and the 
head circumference of an individual stabilizes after childhood (Plamper 
et al., 2019), the prevalence of 100% for macrocephaly found in the 
paediatric cohort may be extremely overestimated, likely because of 
ascertainment bias. Hence, a PHTS diagnosis should still be considered, 
in both paediatric and adult patients, even when macrocephaly is not 
present. 

In adult PHTS patients, the risk of developing any cancer increases 
remarkably from age 30 onwards (Hendricks et al., 2020). When scoring 
two out of three red flags, every single patient of our adult cohort could 
be identified as being at high risk of PHTS, even by the age of 30 or 
earlier. This indicates that most adult patients can actually be identified 
before cancer development. In accordance with previous studies 
(Pilarski et al., 2011; Tan et al., 2011), our adult cohort largely consisted 
of women. Women are more often diagnosed at adult age compared to 
men, who are more often identified during childhood through macro-
cephaly and developmental delay for which this gender-bias is known to 
exist (Pilarski et al., 2011; Maulik et al., 2011). Within adult patients 
identified during adulthood, we observed that male patients had less 
often macrocephaly compared to female patients. This could suggest 
that a substantial proportion of male patients with macrocephaly have 
already been identified at paediatric age and hence, this gender-bias is 
also supported by our data. Since we did not find any differences in 

Table 1 
Prevalence and sensitivity of (combined) phenotypic characteristics in PHTS patients.   

All (N = 167) <18 (N = 81) ≥18 (N = 86)  

n/N % (95% CI) n/N % (95% CI) n/N % (95% CI) 

A. Single phenotypic characteristics 

Macrocephaly 138/166 83% (76–88%) 81/81 100% (94–100%) 57/85 67% (56–77%) 
Multinodular goitre 78/93 84% (74–90%) 7/17 41% (19–67%) 71/76 93% (85–98%) 
Gingival hypertrophy 103/152 68% (60–75%) 36/81 44% (34–56%) 67/71 94% (85–98%) 
High palate 59/66 89% (79–95%) n.a. n.a. 59/66 89% (79–95%) 
Oral papillomas 115/162 71% (63–78%) 44/81 54% (43–65%) 71/81 88% (78–94%) 
Tongue papillomas 109/162 67% (59–74%) 44/81 54% (43–65%) 65/81 80% (70–88%) 
Mucosa papillomas 50/162 31% (24–39%) 0/81 0% (0–6%) 50/81 62% (50–72%) 
B. Combinations of oral features 

≥1 oral features 131/131 100% (96–100%) 49/49 100% (91–100%) 82/82 100% (94–100%) 
≥2 oral features 100/133 75% (67–82%) 31/63 49% (37–62%) 69/70 99% (91–100%) 
All 3 oral features n.a. n.a. n.a. n.a. 46/66 70% (57–80%) 
C. Combined phenotypic characteristics: scoring two out of three characteristics 

Macrocephaly, MNG or ≥1 oral features n.a. n.a. n.a. n.a. 79/79 100% (94–100%) 
Macrocephaly, MNG or ≥2 oral features n.a. n.a. n.a. n.a. 72/72 100% (94–100%) 
Macrocephaly, MNG or all 3 oral features n.a. n.a. n.a. n.a. 63/69 91% (81–96%) 

Abbreviations: PHTS: PTEN Hamartoma Tumour Syndrome; MNG: multinodular goitre; n: number of patients where the characteristic is present; N: total number of 
patients where the characteristic was assessed; CI: confidence interval; n.a.: not available. a The proposed combination is indicated in grey. b Oral features consisted of 
gingival hypertrophy, high palate, and/or oral papillomas, whereby the numbers (e.g. ≥2) refer to having different oral features (e.g. gingival hypertrophy and a high 
palate). c The total numbers of patients with a tongue or mucosa papilloma do not add up to the total number of oral papillomas, since 44 patients presented with 
papillomas on both the tongue and mucosa. 
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sensitivity for scoring two out of three red flags between women and 
men, the red flags can be used for early recognition of both adult female 
and male PHTS patients. Likewise, no differences between adult pro-
bands and non-probands were observed. Almost all adult patients ful-
filled the NCCN testing criteria, suggesting that identification of adult 
non-probands based on clinical characteristics would have been 
possible as well rather than identification due to a familial PTEN variant. 

Although, a high sensitivity was also found for composite criteria 
including macrocephaly, MNG and ≥1 out of three oral features or for 
single characteristics, it is likely that the proposed combination 
including ≥2 out of three oral features has a higher specificity. In the 
absence of a control group, simulations incorporating the (conservative) 
population prevalence of gingival hypertrophy of 5% and oral 

papillomas of 1% (Feng et al., 2015; Miranda et al., 2001), MNG of 5% in 
ion-sufficient countries (Khatawkar and Awati, 2015), and macro-
cephaly of 3% as independent factors random co-occurring irrespective 
of age were performed to speculate about the specificity of the proposed 
combination in adult patients. These simulations showed a specificity of 
99.9% and that 1 in 304 that meets this combination has PHTS. In a 
general population of, for example, 15 million people this means that 
about 23,000 people score positive on this combination of whom about 
75 adult PHTS patients. 

The presence of the combination macrocephaly, MNG, or multiple 
oral features could serve as a red flag, i.e. alerting signal, for general 
practitioners, medical specialists, and dentists, to consider a PHTS 
diagnosis in adults. For example, when an adult patient presents with 

Fig. 2. Age distribution of (combined) 
phenotypic characteristics in PHTS pa-
tients. A: Macrocephaly, B: Multinodular 
goitre, C: Gingival hypertrophy, D: High 
palate (adults only), E: Oral papillomas, F: 
Proposed combination (adults only), i.e. 
scoring two out of three characteristics 
including macrocephaly, MNG, or ≥2 out of 
three oral features. Abbreviations: PHTS: 
PTEN Hamartoma Tumour Syndrome; MNG: 
multinodular goitre; N: total number of pa-
tients where the characteristic was assessed.   
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macrocephaly during consultation, the presence of macrocephaly should 
alert the general practitioner to examine the thyroid gland and the oral 
cavity. Subsequently, when adult patients fulfil two out of three red 
flags, a more elaborate assessment can be initiated to see whether the 
subject shows any other clinical signs related to PHTS. To evaluate 
whether referral is necessary, the NCCN testing criteria (National 
Comprehensive Cancer Network) could be used during this assessment, 
possibly in consultation with a clinical geneticist. Importantly, since it 
would not be feasible to refer all subjects with at least two out of three 
red flags for genetic counselling and testing, scoring two out of three red 
flags should not be considered as diagnostic criteria. Instead, they 
should be considered as a first new step in the process of recognition 
where the complex testing and diagnostic criteria for PHTS can be 
applied as a second step in a pre-selected group of adults. Furthermore, 
the red flags could be assessed in adult patients with a variant of un-
known significance to evaluate whether follow-up is necessary. To 
actually achieve improved recognition of PHTS at adult age, efforts 
should be made to raise awareness of the red flags among general 
practitioners, medical specialists, and dentists, for example by means of 
training programs. This is important, because the red flags, and oral 
lesions in particular, might be unnoticed otherwise or not considered as 
potentially associated with an underlying genetic syndrome. 

The main strength of this study is the inclusion of a large number of 
PHTS patients who regularly visit our expert centre. In addition, all 
patients were examined by one of two experts, limiting the chance of 
interrater-variability in the assessment of phenotypic characteristics. 
Furthermore, stratification by ascertainment showed that scoring two 
out of three red flags can be applied in all adults, including both pro-
bands and non-probands. One of the limitations of this study is that the 
MNG red flag was based on data of thyroid ultrasounds, however this 
will not always be available in clinical practice when scoring the red 
flags. Without thyroid ultrasound information the presence of MNG 
might be underestimated and the sensitivity of scoring two out of three 
red flags will likely be between 67 and 100%, which can still be 
considered adequate. Another limitation is that the patients’ age was 
based on last day of clinical follow-up and that the exact age of first 
diagnosis for each phenotypic characteristic was unknown. Neverthe-
less, fair conclusions could still be drawn as each prevalence represents a 
cumulative prevalence by a certain age. This means that our findings 
represent conservative estimates regarding the prevalence of each 
phenotypic characteristic. 

6. Conclusion 

Having at least two out of three phenotypic characteristics including 
macrocephaly, MNG, or multiple oral features is considered as most 
promising for early recognition of adult PHTS patients. When scoring 
two out of these three characteristics, PHTS patients could be recognized 
at adult age as being at high risk of PHTS, even before cancer develop-
ment. Therefore, the presence of the combination macrocephaly, MNG, 
or multiple oral features could serve as a red flag (i.e. alerting signal) for 
general practitioners, medical specialists, and dentists, to consider 
further assessment of the diagnosis PHTS in adults. In this way, recog-
nition of adult PHTS patients might be improved and cancer surveillance 
can be offered timely. 
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