
Supplementary Information 

Supplemental Methods 

Patient Recruitment 

PHTS patients were recruited via medical centers or self-recruitment during 2019-2023. Self-

recruitment entailed that patients could register themselves via a website for our study, which 

was also disseminated with the support of patient societies. Informed consent was arranged 

locally at each medical center for all patients who were alive at the moment of inclusion. After 

obtaining consent, medical data were requested from the medical centers listed by the patient. 

Double inclusion was checked by comparing potential duplicate cases with similar data points 

and by contacting the medical centers. Fifty-one deceased patients were included in 

accordance with the General Data Protection Regulation of the European Union. 

PHTS Index Status 

The index patient is the first patient in a family to be diagnosed with PHTS and to undergo 

genetic germline testing of PTEN based on clinical suspicion. PHTS patients can present with 

a broad and variable phenotypic spectrum, including macrocephaly, neurodevelopmental 

delay, cutaneous lesions, vascular malformations, and benign and malignant tumors. This 

means that the index status is not solely related to history of cancer. Of the PHTS index 

patients, 48% were diagnosed with cancer before the PHTS diagnosis. Similarly, non-index 

patients can also have cancer before the PHTS diagnosis (21% of the non-index patients). 



A  Any second primary cancer after any first primary cancer

B  PHTS-related second primary cancer after a PHTS-related first primary cancer

C  Second primary breast cancer after a first primary breast cancer
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Supplemental Figures



Supplemental Figure 1. The cumulative risk of a second primary cancer stratified for the timing of the first 

primary cancer. 

Risks of a second primary cancer are presented on the y-axis in percentages (%) for the years since first primary 

cancer diagnosis (FPC) (x-axis). Dashed lines represent 95% confidence intervals. The number at risk (Nrisk) and 

the cumulative number of events (Nevent) are presented below the graphs. The risks are presented stratified 

depending on the timing of the FPC. Results for the patients where the FPC is diagnosed predating their PHTS 

diagnosis and patients where their FPC is diagnosed following PHTS diagnosis are presented separately. A. The 

risk of any second primary cancer after any first primary cancer diagnosis for females and males. B. The risk of a 

second primary PHTS-related cancer after a first primary PHTS-related cancer for females and males. In this cohort, 

the first primary cancer is a PHTS-related cancer. C. The risk of a second primary breast cancer after a first primary 

breast cancer for females. Breast cancer is the first primary cancer diagnosed in the patients. 

Supplemental Figure 2. Relative risk of a second primary breast cancer (SPC) after a first primary breast 
cancer (FPC). 
Hazard ratios (HRs) are presented with the corresponding 95% confidence interval (95% CI) for multivariable Cox 

regression, including coding effect and domain. Missense was the reference category for coding effect and the C2 

domain was the reference category for domain. The coding effect category “other” consisted of only one patient, 

this patient was therefore excluded from these analyses. The vertical dashed line indicates HR=1.00, indicating no 

risk difference. For each group, the number of patients with a breast SPC (n) and the number of patients with a 

breast FPC (N) is presented. Results are presented for events occurring within 10 years after FPC diagnosis. These 

numbers are also presented in the table on the right for the combined categories. SPC, second primary cancer; 

FPC, first primary cancer; PD, phosphatase domain.  

Supplemental Tables 

Supplemental Table 1. Definition of coding effect 
Coding effect category Definition 

Truncating or predicted 
truncating 

Frameshift, nonsense, start-loss, large structural variants (deletions of 
(the majority) of ≥ 1 exon), splice-site variants (+/- 5 base pairs (bp) of 
intron/exon boundary), and cryptic splice site variants 

Missense Missense and in-frame variants 
Other Variants in 5’- and 3’-UTR regions, synonymous variants, and intronic 

variants exceeding intron/exon boundary with more than 5bp 

Supplemental Table 2. Definition of PTEN protein domains 
Protein domain Boundaries in amino acids (AA) 

Phosphatase Binding Domain (PBD) 1-6
Phosphatase Domain (PD) 7-185
C2 domain (C2) 186-351
C-terminal Region (CTR) 352-400
PDZ domain (PDZ) 401-403
Other, including PBD, CTR, PDZ Variants spanning multiple domains, not located in a

domain, or located in domains other than PD or C2
were grouped.

Category n/N 

Missense – C2 1/1 

Missense – PD 11/35 

Missense – other 0/0 

Truncating – C2 21/32 

Truncating – PD 9/35 

Truncating – other 7/25 
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