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Bannayan–Riley–Ruvalcaba syndrome (BRRS) is a rare overgrowth condition caused by a pathogenic 
variant in the phosphatase and tensin homolog (PTEN) gene and belongs to a group of disorders called 
PTEN hamartoma tumor syndrome (PHTS). The diagnosis is often complicated by great phenotypic 
diversity. Furthermore, to this date treatment options are limited. Here we performed a systematic 
review using PubMed, Cochrane, and Scopus databases to identify cases of pediatric patients 
diagnosed with BRRS and summarized information about the clinical presentation, treatment, and 
long-term patient care. A total of 83 pediatric patients with BRRS were identified. The most common 
clinical findings were macrocephaly (77%) and developmental disorders (63%). Surgical interventions 
were the treatment of choice, described in 19 articles. Patient surveillance was proposed in 15 case 
reports and mostly aimed at periodic cancer screening. Recognition of BRRS clinical symptoms and 
early referral to a geneticist is important for better disease control and overall prognosis. As targeted 
treatment is still lacking, symptom relief and long-term surveillance remain the main management 
strategies.

The phosphatase and tensin homolog (PTEN) gene is a tumor suppressor gene that controls cell proliferation, sur-
vival, metabolism, and migration by downregulating the PI3K-AKT-mTOR  pathway1 . PTEN pathogenic variants 
can cause several overgrowth syndromes, together known as PTEN hamartoma tumor syndrome (PHTS). These 
conditions include Cowden syndrome (CS), Bannayan-Riley-Ruvalcaba syndrome (BRRS), Lhermitte-Duclos 
disease, autism spectrum disorders with macrocephaly, Proteus, Proteus-like and VATER (Vertebral defects, 
Anal atresia, Tracheo-esophageal fistula with Esophageal atresia, and Radial and Renal dysplasia)  syndromes2 . 
They share common key features, such as multiple hamartomas, developmental anomalies, and a higher risk of 
cancer. However, phenotypes of PHTS can vary greatly, especially when comparing pediatric and adult patients 
due to age-related penetrance. We chose to explore the available literature on BRRS in the pediatric cohort. 
This article aims to raise awareness among clinicians and patients about this rare syndrome to facilitate earlier 
diagnosis and choose a prompt management strategy.

BRRS is a rare genetic disorder that is mostly diagnosed among children and is typically characterized by 
the growth of hamartomatous, lipomatous, or vascular tumors, congenital macrocephaly, developmental delay, 
and pigmented genital  macules3. Prenatal overgrowth and musculoskeletal system disorders such as myopathy 
of proximal muscles and scoliosis are other clinical features commonly found among individuals with  BRRS4. 
PTEN pathogenic variants in BRRS cases usually demonstrate autosomal dominant inheritance; nevertheless, it 
is estimated that up to 48% of pathogenic variants can be de  novo2,5. Patients with BRRS are considered to share 
the same lifetime risk of cancer as individuals with Cowden syndrome, however, it has not been confirmed by 
formal  studies4. Additionally, they are susceptible to complications related to gastrointestinal polyps and vascular 
anomalies. Therefore, early diagnosis and consistent surveillance are  important3,6.

There is no established standard treatment for PHTS patients; however, a promising therapy with mam-
malian target of rapamycin (mTOR) inhibitors is currently under research and can be prescribed as an off-label 
 drug2. mTOR inhibitors have been investigated in patients with vascular anomalies when previous treatments 
were  ineffective7. Here, we present a systematic review that was conducted to summarize the clinical features of 
pediatric patients with BRRS and to discuss potential treatment and long-term surveillance.
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Methods
This systematic review was pursued to summarize the clinical features of pediatric patients with BRRS and to 
discuss potential treatment and long-term surveillance strategies. The systematic review was conducted following 
the Preferred Reporting Items for Systematic Review and Meta-Analyses (PRISMA)  guidelines8. The study pro-
tocol was registered in the International Prospective Register of Systematic Reviews (PROSPERO) (registration 
number: CRD42022370744) before starting the search. The study protocol was approved by Vilnius University 
Santaros Clinics research committee.

Eligibility criteria
The inclusion criteria were pediatric patients (0-18 years old) diagnosed with BRRS and patients of any age with 
BRRS who received treatment with sirolimus. We included full-text, free or available observational studies, case 
series, and case reports from Vilnius University. Editorials, letters, systematic reviews, literature reviews, com-
ments, guidelines, conference abstracts, expert opinions, and non-English articles were excluded.

Literature search
The PubMed, Scopus, and Cochrane collaboration databases were searched using the following keywords and 
their combinations: Bannayan Riley Ruvalcaba Syndrome, Bannayan Zonana Syndrome, BRRS, BZS, Myhre 
Riley Smith syndrome, Riley Smith syndrome, Ruvalcaba Myhre syndrome, Ruvalcaba Myhre Smith syndrome, 
Bannayan Zonana Syndrome, child, children, and adolescent. We also used the truncation technique (*) with 
the following words to expand the number of results: pediatri*/, infan*/, newbor*/. An additional search adding 
the keywords sirolimus, rapamycin, rapamycin, AY 22 989, and 2190A was performed to review the relevant 
literature on sirolimus efficacy in BRRS. The literature selection was not limited by publication date due to the 
rarity of the syndrome. Automation search tools were used to include open-access journal articles in the English 
language. The search was conducted by two reviewers (MK and NS) independently.

Study selection and data extraction
Deduplication of found articles was performed with the citation management software EndNote. First, the titles 
and abstracts were screened for eligibility, followed by a full-text review of the potentially included publications. 
The extracted data included authorship, publication year, sample size, demographics of cases, status of PTEN 
pathogenic variant, family history, clinical presentation, treatment, follow-up care, and outcomes. Two review-
ers (MK and NS) independently performed the screening of articles and eligible information selection. Chosen 
publications and extracted data by both team members were compared, and any disagreements were resolved 
by discussion.

Evaluating the risk of bias
The quality of the included publications was assessed by each reviewer independently using Joanna Briggs 
Institute’s (JBI) Critical Appraisal Checklist for case reports and case  series9,10. The following evaluation criteria 
were established: low risk of bias was attributed to articles with more than 70% “yes” answers; moderate risk 
for articles with 50% to 69% “yes” answers; and high risk of bias for studies with less than 49% “yes” answers.

Data analyses
This review consists of case reports and case series; therefore, the heterogeneity of study designs and outcomes 
made statistical analysis not applicable. Henceforth, a descriptive approach and tabulation were selected to 
present the results and conclusions.

Results
Of the 2600 publications acquired from the search, 55 duplicates and 2475 original articles were excluded follow-
ing the inclusion/exclusion criteria and automation tools (Figure 1). After the full-text review of the remaining 
70 publications, 37 articles were excluded because they did not meet the inclusion criteria or did not contain 
relevant information. In total, 33 studies were eligible for the  review11–43. The methodological quality assess-
ment was performed together with the data extraction (see Supplemental Tables S1 and S2 in Additional File 1).

Overall, 83 children with BRRS were included in the review. Supplemental Table S3 summarizes the median 
age and gender of patients, the status of PTEN pathogenic variant, relevant conditions of parents and siblings, 
management, surveillance, and outcomes. If the report did not provide the information mentioned above, it was 
marked in the tables as not available (N/A). A 22-year-old patient was included in the review because the case 
report mostly described his pediatric  history35. The majority of patients were males (60/83), and the median age 
of the entire cohort was 8 years. In addition, most patients had PTEN pathogenic variants (75/83), whereas only 
approximately half of the studies reported a positive family history (14/33). Treatment mainly comprised surgical 
removal of lesions (most commonly lipomas, gastrointestinal polyps, and vascular anomalies); a few cases also 
mentioned  thyroidectomies20,35,41,43, and only one study reported the use of  rapamycin25.

In 15 reports, follow-up visits were proposed; however, strategies of surveillance were diverse, mostly aiming 
at cancer screening. Long-term outcomes were reported in only 6  cases11,18,21,25,35,40. In 3 cases, patients did not 
develop any new symptoms, while 2 reports described the recurrence of lipomas and gastrointestinal polyps.

Macrocephaly was described in almost all case reports (32/33). Pigmented penile macules were described 
in the majority of male reports (21/28). Lipomas were mentioned in more than half of the cases (18/33), and 
the second most common lesion was gastrointestinal polyps (16/33). Another frequent finding was vascular 
abnormalities, namely, hemangiomas (8/33) and AVMs (6/33). Other reported clinical features were as follows: 
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developmental delay or autism spectrum disorders (25/33), skin manifestations (21/33), and thyroid changes 
(12/33). A complete summary of the phenotypic findings is presented in Table 1. A more detailed list of the 
clinical characteristics of all included studies is presented in Supplemental Table S4.

Discussion
Clinical phenotypes of BRRS
Studies have shown that approximately 80% to 100% of patients with PHTS have marked macrocephaly (defined 
as head circumference ≥97th percentile)44. A similar prevalence is seen among children in the reviewed studies. 
However, height deviations are not associated with the  syndrome3.

Mucocutaneous manifestations are present in the majority of PTEN-related syndromes. Most of them appear 
later in life due to age-related  penetrance44. One of the pathognomonic findings in BRRS is lentiginous genital 
macules which can be present in both males and  females45. It is frequently reported in pediatric BRRS cases in 
patients as young as 1 year  old3. Nevertheless, genital speckles can also develop later in adolescence; therefore, 
the absence of lentigines alone is not a plausible reason to exclude  BRRS23. Other skin findings in the reviewed 
cases were diverse and nonspecific for the syndrome, but the most frequently mentioned were café au lait spots, 
verrucous papules, and subcutaneous hemangiomas. Vascular and lipomatous lesions are key findings in BRRS. 
In the included studies, the most common tumors were lipomas, which, although described as benign, can reach 
a significant volume and act as space-occupying  lesions21. Complications of lipomas depend on their localization 
and can manifest as occlusion, torsion, or cosmetic  defects29,46. In addition, testicular lipomas are a rare entity in 
the general population, occur more often in individuals with PTEN pathogenic variants, and can be a significant 
indicator for genetic  testing13,44.

Figure 1.  PRISMA flow chart.
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Other important findings in BRRS are vascular anomalies, namely, AVMs and hemangiomas. Similar to 
lipomas, vascular lesions can develop in any part of the body. If located in more superficial layers, they can be 
seen as discoloration of the skin. Most commonly, vascular anomalies cause swelling and pain, but some cases 
also reported aggressive growth on the extremities, resulting in the loss of function or  amputation25,39. Notably, 
AVMs can occur in the CNS and carry a potential risk of bleeding and complications related to mass  effects28,40. A 
significant prevalence of gastrointestinal polyps in PHTS has been observed in several  studies47. Multiple polyps 
are usually found in both the upper and lower gastrointestinal tracts and have mixed histology, especially with 
ganglioneuromatous  features48. BRRS patients with polyps may present with abdominal pain, hematochezia, 
anemia, invagination, constipation, or  diarrhea22–24,31. Extensive symptom burden or complications such as 
invagination or blockage may require bowel  resection20,23.

Thyroid pathologies are a very common manifestation of PTEN-related syndromes. Up to 75% of patients 
develop thyroid changes, and approximately one-third will develop thyroid cancer in their  lifetime46. While other 
malignancies tend to appear in adulthood, thyroid carcinoma also occurs among children, with the youngest 
described patient being 6 years  old46. From the included studies, the majority of outlined thyroid changes were 
nodules; however, 4 studies reported 5 thyroid tumors, of which 3 were  carcinomas13,28,35,43.

Developmental delay and autism spectrum disorders (ASD) are also often associated with PHTS. A meta-
analysis by Cummings et al. suggests that up to 25% of patients with PTEN pathogenic variants may express 
characteristics of  ASD49. Motor delay is the most common developmental disorder among  patients3. Studies 
included in this systematic review described developmental disorders of different degrees, ranging from normal 
psychomotor development and mild motor or speech delay to severe intellectual disability. A few cases of ASD 
and attention deficit disorder have also been  reported13,14,22,32,34.

The reviewed studies also outlined less frequent yet notable clinical features of BRRS. Patients are more prone 
to obesity than the general population due to profound insulin  sensitivity50. In addition, some PTEN pathogenic 
variant carriers can suffer from muscle hypotonia, which is associated with motor  delay3. The literature also 
presents a variety of brain lesions in PHTS patients, mostly located in white  matter46. For example, a study by 
Bhargava et al. assessed brain MRI scans of 7 children with BRRS: almost all patients demonstrated marked 
macrocephaly, white matter cysts, and abnormal cerebrospinal fluid (CSF) signal intensity (hyperintense on T2 
and hypointense on FLAIR)13. Particularly associated with BRRS are musculocutaneous findings such as pectus 
excavatum, scoliosis, and joint  hypermobility51.

It is important to note that both CS and BRRS share the same PTEN alterations and are now considered to be 
different phenotypic expressions of the same  disease52. In addition, there are cases of CS/BRRS overlap families, 
in which members present with clinical features of either one or both  syndromes17,23,42. CS is associated with 
cancer, and BRRS patients can also develop malignancies later due to CS and BRRS allelism and age-dependent 
 penetrance52.

Diagnostic work-up
There are no internationally established guidelines specifically for the diagnosis of BRRS; nevertheless, the 
National Comprehensive Cancer  Network®  (NCCN®) has established diagnostic criteria for PHTS, together with 
surveillance recommendations for PTEN pathogenic variant  carriers44. Patients meeting diagnostic criteria are 
referred to genetic counseling. Additional critical judgment should be used when applying criteria to the pediatric 
cohort, since children may express clinical phenotypes different from  adults44,46. Pediatric criteria proposed by 
Tan et al. include the most prevalent PHTS clinical findings in children, namely, macrocephaly, gastrointestinal 

Table 1.  Summary of BRRS clinical findings. GI gastrointestinal, ASD autism spectrum disorders, DD 
developmental disorders, M male, F female
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polyps, neurologic disorders (ASD and developmental delay), dermatologic (lipomas, pigmented genital macules, 
papillomas), and vascular (AVMs, hemangiomas)  features53. German pediatric guidelines updated the Tan et al. 
criteria by adding positive family history, thyroid changes, and enlarged perivascular spaces in brain  MRI46.

Treatment options
Currently, therapy for BRRS is mostly limited to symptom relief, prevention, and eradication of complications. In 
our reviewed cases, the most frequent intervention was the excision of tumors. Lipomas were the most common 
masses to be removed. Polypectomies of hamartomatous polyps were also frequent, with two cases of procto-
colectomy and subtotal colectomy due to severe symptom burden and  recurrence20,23. Thyroid resection and 
thyroidectomies were described in four  cases20,35,41,43. Single cases of scoliosis, seizures, intracranial hypertension, 
and intracranial tumor treatment were also  presented11,19,35,37.

Vascular anomalies are a very common manifestation of BRRS. Sclerotherapy, embolization, and surgery are 
typical therapy approaches. Nevertheless, these interventions do not always bring satisfactory results due to the 
complexities of malformations, high frequency of recurrence, and periprocedural  morbidity25,39. Therefore, the 
mTOR inhibitor rapamycin (sirolimus) was proposed as an off-label target agent for treatment of vascular anoma-
lies. PTEN pathogenic variants cause excessive activity of the PI3K-AKT-mTOR pathway, which is responsible for 
cellular proliferation and angiogenesis induction, leading to the formation of vascular  anomalies54. As a result, by 
downregulating the mTOR pathway, sirolimus could potentially reduce vascular lesions in patients with PHTS.

The first human study of sirolimus for CS investigated its efficacy in 18 adult patients with cutaneous and 
gastrointestinal  lesions55. The trial demonstrated the effectiveness of sirolimus in suppressing mTOR signaling 
and improving cerebellar function as well as adequate tolerability of the drug. To our knowledge, currently, there 
are no studies designated for the specific pediatric PHTS group; nevertheless, research has been done among 
children with vascular anomalies of diverse  origins7,56. In retrospective study Hammill et al. 6 children (100%) 
with treatment-resistant vascular anomalies showed a partial or complete response to  sirolimus7. Notably, in a 
review by Geeurickx et al., 334 cases of pediatric vascular anomalies treated with sirolimus were  presented56. 
It was noticed that the drug efficacy partially depends on the type of malformation. Namely, low-flow vascular 
anomalies demonstrated the best results. Sirolimus efficacy on fast-flow vascular malformations is yet to be 
investigated by future clinical trials. In addition, AVMs associated with PTEN pathogenic variants were more 
responsive to sirolimus monotherapy than isolated AVMs. The systematic literature review by Badawy et al. 
evaluated sirolimus efficacy in 39 patients with isolated limb overgrowth  disorders57. Sirolimus was given as 
first-line treatment or as an alternative option after previously failed therapies. The reviewed studies were highly 
variable in terms of sirolimus dosage, length of therapy, and outcome measurement; nevertheless, the results 
showed a partial response to sirolimus therapy and did not report any case of disease progression. Only one case 
describing treatment with an mTOR inhibitor was included in our systematic  review25. A 6-year-old boy received 
sirolimus therapy due to resistance to embolization and surgery, persistent pain, and progressive loss of left-hand 
function. In 6 months, the AVM size decreased, and the patient became pain-free and regained hand mobility. 
The literature suggests that 6 months is the optimal time to see the maximum response to sirolimus  therapy56,58.

In all studies evaluating sirolimus efficacy, adverse reactions were reported, the most common being infec-
tions, mucositis, bone marrow suppression, hypercholesterolemia, and elevated liver  enzymes7,56,57. Most adverse 
reactions were not severe and resolved after the dose  adjustment7,56. However, awareness of possible drug toxici-
ties and consistent laboratory blood analysis is  essential54. Importantly, recurrent symptoms and regrowth of 
vascular anomalies were observed after discontinuing the  treatment56. In addition, it was noticed that sirolimus 
reduces the volume of vascular anomalies but does not lead to the disappearance of the  lesions56,58. There-
fore, sirolimus could be used as a polytherapy agent before radical interventions of large complicated vascular 
 anomalies56,58.

It appears that mTOR inhibitors can be an alternative treatment strategy for PHTS patients on individual 
basis, although current studies are limited by small sample sizes and the absence of randomization. Consequently, 
more research is required to confirm the potency of sirolimus in treating PTEN-related syndromes.

Long-term surveillance strategies
PHTS is known to be a malignancy-causing syndrome; therefore, the major aspect of follow-up is cancer 
 screening6. Targeted malignancy surveillance in pediatric patients is mostly limited to the thyroid since early-
onset changes such as nodules or thyroiditis are  common50. Expanded malignancy surveillance and awareness 
should start in  adulthood46,59. The reviewed cases showed similar follow-up strategies and mostly aimed at cancer 
screening by performing thyroid ultrasound. Dermatological consultation, occult blood tests, and abdominal 
ultrasound were used in a few cases. As a multisystem disease, PHTS requires a broader follow-up approach, 
particularly surveillance of nonmalignant manifestations. German pediatric guidelines suggest a screening 
strategy for children and adolescents which are presented in Supplemental Table S546. They recommend annual 
physical examinations, including dermatological inspection, neurological and psychomotor assessment, and 
abdominal ultrasound. Additionally, it is advised to perform thyroid ultrasound after the diagnosis and repeat it 
periodically if any pathological changes are present. Furthermore, symptom inquiry is important, especially for 
anemia-related manifestations or gastrointestinal complaints such as abdominal pain, rectal bleeding, obstipa-
tion, or diarrhea. Parent education about sun protection, seizures, and concerning symptoms is also  encouraged3.
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Limitations
The results of our review must be interpreted together with its limitations. Due to the rarity of BRRS, all included 
studies were case reports and case series. These studies have a high risk of bias. Moreover, study types, heterogene-
ity, and sometimes incomplete data made generalization impossible. Additionally, we incorporated a number of 
historical reports that may have interpreted cases with less accuracy than they would with the current knowledge.

Conclusions
Bannayan-Riley-Ruvalcaba syndrome is a rare entity that can manifest in a very broad and diverse spectrum of 
phenotypes, ranging from mild and subtle symptoms to severe and refractory conditions. Therefore, it is impor-
tant for clinicians to consider a PTEN pathogenic variant and refer a patient to a geneticist on time. Due to a 
higher risk of cancer and aggressive growth of hamartomatous anomalies, patients with BRRS require periodic 
multidisciplinary care that should be individualized to fit every patient’s needs. Currently, surgical interventions 
are the most common treatment strategy in patients with complicated vascular anomalies; however, the use of 
mTOR inhibitors could be offered to the patients when other treatment options exhausted. Nevertheless, more 
research is still needed to fully evaluate their potency in BRRS management.

Data availability
The dataset supporting the conclusions of this article is included within the article and its additional file.
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