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Background

Congenital medulloblastoma is very rare, and many cases involve germline mutations that can lead to inherited syndromes. Here, we first report two brothers with congenital medulloblastoma who were diagnosed with Gorlin-Goltz syndrome caused by SUFU mutation.



Clinical presentation

Medulloblastoma was detected in two brothers at 2 and 3 months of age, with very similar imaging features. Genetic testing revealed that both children and their mother carried SUFU gene germline mutations, and both brothers were diagnosed with Gorlin-Goltz syndrome.



Conclusion

Gorlin-Goltz syndrome-associated congenital medulloblastoma with SUFU germline mutation is very rare. Pathological types mostly involve desmoplastic/nodular or extensive nodularity; chemotherapy is the main treatment, and studies revealing prognostic data are scarce.
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Introduction

Medulloblastoma (MB) is the most common malignant embryonic high-grade brain tumor in children, accounting for approximately 15-20% of pediatric brain tumors. MB occurs in children of all ages, including infants, with a peak age of onset between 5 and 8 years of age (1). In general, congenital brain tumors are intracranial tumors found within 60 days of birth (2). Congenital tumors of the central nervous system (CNS) are classified as “absolutely congenital” (detected at birth) and “probably congenital” (detected within 6 months of age) (3). To date, only 20-30 cases of congenital MB have been reported worldwide, constituting an extremely rare entity (4). Consensus medulloblastoma predisposition genes have not been defined and screening guidelines for genetic counselling and testing for pediatric patients are not available. However, some MB patients with harbor germline mutations that can lead to inherited syndrome, the most common of which is Gorlin-Goltz syndrome, also known as nevoid basal cell carcinoma syndrome (NBCCS), a rare autosomal dominant disease caused by mutations in sonic hedgehog signaling pathway components (5). Overall, there is a lack of uniformity in understanding and treatment of MB-related Gorlin-Goltz syndrome, with mostly case reports in the literature. Moreover, reports on Gorlin-Goltz syndrome-associated congenital MB with SUFU mutation are rare. This study analyzed the clinical data of 2 cases of infantile MB (two brothers) with GS syndrome to improve understanding of the disease.



Case description

A 3-month-old boy (spontaneous conception; Patient one) with no clinical symptoms visited a local hospital for head MRI examination, which revealed a large mass in the posterior cranial fossa accompanied by obstructive hydrocephalus. The boy was referred to the Pediatric Neurosurgery Department of our hospital. The child showed no signs, such as vomiting or convulsions; no abnormal limb function, growth or development different from peers was present. Patient one underwent MRI examination because a brother (conceived as a result of in vitro fertilization because the mother had adenomyosis; Patient two) visited a local hospital at the age of 2 months old owing to vomiting and jaundice; brain MRI examination showed a posterior cranial fossa mass clinically diagnosed as MB based on consultations in multiple hospitals. This local hospital did not have the capacity to carry out operations for children with intracranial tumor, in addition, the parents thought the child was too young for surgery, and did not know enough about the disease at that time, mistakenly learned that the prognosis of MB in young children without further information is not good. In order to avoid the pain caused by the operation, his parents refused surgery and all invasive procedures. Patient two died after 6 months of conservative treatment (severe hydrocephalus, intracranial hypertension).

After admission, physical examination of Patient one showed an enlarged head circumference (47 cm), enlarged fontanelle (5*4 cm), and mild sunset eye signs. Head CT revealed a large and slightly high-density mass above the cerebellum in the posterior fossa, approximately 6*6.7 cm in size, with unclear borders, uneven density, and an enlarged ventricle. MRI examination of the head showed a large abnormal signal mass in the posterior cranial fossa, with iso- or hypointensity on T1WI, iso- and slight hyperintensity on T2-FLAIR, and hyperintensity on DWI, with a size of approximately 5.4 cm×5.7 cm×7.0 cm. There were multiple strong nodular contrast-enhanced signals, obvious compression of the brainstem, compression and narrowing of the fourth ventricle, and obvious enlargement of the supratentorial ventricle (Figure 1). Enhanced MRI scan of the whole spinal cord indicated no obvious abnormality in the morphology or signal of the spinal cord. Patient one underwent lumbar puncture, no tumor cells were found in CSF examination. According to Chang staging system, Patient one was M0. By comparing with the head MRI of Patient two (Supplementary Figure 1), the tumor morphological characteristics of the two boys were very similar.




Figure 1 | CT and MRI findings for Patient one. A large abnormal signal mass (5.4 cm x 5.7 cm x 7.0 cm) was detected above the cerebellum in the posterior fossa, with poorly defined borders. CT showed a slightly high-density mass shadow. T1WI revealed isointense or low signal, T2-FLAR isointense or slightly high signal, and DWI high signal. Enhanced scanning showed high heterogeneity (multiple nodules). There was no obvious abnormality regarding the spinal cord or morphological signals; the surface of the spinal cord was line-like, with small, strong nodular signals by enhanced scanning. (A): Preoperative, noncontrast CT. (B): DWI. (C) and (D): Gd-enhanced T1W images. (E): Gd-enhanced MRI of the spinal cord.



After all preoperative examinations were completed, contraindications for surgery were excluded, and Ommaya reservoir insertion and external ventricular drainage in the left lateral ventricle were performed. After 3 days, tumor resection of the posterior fossa was carried out. There was no new neurological dysfunction after the operation, and satisfactory physical recovery was achieved. Postoperative head CT and enhanced MRI re-examination indicated satisfactory tumor resection (gross total resection) (Supplementary Figure 2).

The mother’s family had a history of a high incidence of tumors (father, lung cancer; mother, cervical cancer; grandfather, liver cancer; grandmother, lung cancer; her father had 5 siblings, among whom her father’s brother had lung cancer, with no tumors in the others) (Supplementary Figure 3). Given that Patient one’s brother also had MB and with the family history of tumors, Patient one and his parents were tested for gene mutations after consent of the family members. Important genes related to solid tumors in children were examined using next-generation sequencing, with the detection range covering 998 genes and mainly including base substitution (single-nucleotide variant, SNV), small insertion/deletion (indel), copy number variation (CNV), gene fusion, microsatellite instability (MSI), tumor mutational burden (TMB) and tumor genetic susceptibility gene analysis. In Patient one, testing found a germline mutation in the SUFU gene (NM_016169:exon3:c.C436T:p.R146X), with a mutation frequency of 97.3% (Supplementary Table 1). The child’s mother also carried the SUFU germline mutation, whereas the father was negative. Other tumor-related gene variants include NF1 (NM_001042492:exon16:c.C1765T:p.Q589X), BRCA1 (gain), ERBB2 (gain), SMARCA4 (gain), SMARCB1 (loss), STK11 (gain), and TP53 (gain) (see Figure 2 for CNV variation information). The distribution of mutations in Patient one is illustrated by a Circos diagram in Supplementary Figure 4. Mutation in the SUFU gene can cause Gorlin-Goltz syndrome, which is closely related to MB. Based on the medical history of Patient two, genetic testing was also performed, and the SUFU gene mutation was detected. According to the diagnostic criteria of Gorlin-Goltz syndrome, Patients one and two and their mother were diagnosed with the syndrome (Table 1). Comprehensive analysis of the pathological examination and gene mutation detection results led to a diagnosis of MBEN (MB with extensive nodularity) as the histological type for Patient one; the molecular type was SHH-activated MB with wild-type TP53.




Figure 2 | Gene copy number variation (CNV) in Patient one. Copy number was evaluated as the normal copy number: 2, increased 2> and decreasing copy number <2. BRCA1 (3.3,Gain), SMARCA4 (3.0, Gain), SMARCB1 (1.1,Loss), STK11 (3.0,Gain), TP53 (3.3,Gain), and ERBB2 (3.3,Gain).




Table 1 | Criteria for Gorlin-Goltz syndrome.



One month after the operation, Patient one received chemotherapy in the Oncology Department (scheme: HEAD START4: VCR 0.05 mg/kg d1,d8+CDDP 35 mg/m2 d1+VP16 4mg/kg d2,d3+CTX 65 mg/kg d2,d3+HDMTX 400 mg/kg d4); the chemotherapy regimen was repeated every three weeks. After chemotherapy was complete, Patient one underwent umbilical cord blood stem cell transplantation(UCBT) (from his mother) at 4 months after surgery. The treatment of Patient one in detail was showed in Supplementary Figure 5. Follow-up at 10 months showed no recurrence of the tumor by MRI, and the child was in good condition.



Discussion

Gorlin-Goltz syndrome, also known as nevoid basal cell carcinoma syndrome (NBCCS), is a rare autosomal dominant disorder with the primary manifestations of congenital dysplasia and susceptibility to certain tumors (6). Developmental abnormalities mainly include overgrowth, developmental delay, bone abnormalities and polydactyly, intracranial calcification, and small pink depressions on the hands and feet. Related tumors include keratocystic odontogenic tumor (KCOT), basal cell carcinoma, medulloblastoma, and meningioma, among others. Multiple KCOTs can occur in the jaw, which is one of the most common manifestations of this syndrome. The 2011 revised Gorlin-Goltz syndrome diagnostic criteria include 6 major criteria and 6 minor criteria. Gorlin-Goltz syndrome is diagnosed when patients meet two major criteria, one major criterion and two minor criteria, or one major criterion with a positive genetic test result (7). The 2 children and their mother reported in this paper can be diagnosed with Gorlin-Goltz syndrome according to these criteria. The diagnosis in this study was mainly based on SUFU gene mutation, family history, MB presence, and odontogenic keratocyst s(their mother); interestingly, neither of the patients in this study had other related disorders of Gorlin-Goltz syndrome. Therefore, due to the lack of other symptoms to assist in diagnosis, diagnosis is difficult for infants and young children, and genetic testing is often an important measure for early diagnosis.

Gorlin-Goltz syndrome is a hereditary syndrome, and mutated genes include PTCH1, SUFU, and PTCH2, among others. PTCH1 mutation is relatively common, accounting for 60% to 75%, but the probability of MB after SUFU mutation is 20 times that of PTCH1 mutation (8, 9). SUFU gene germline mutations are mainly seen in infant SHH-subtype MB and are closely related to infantile desmoplastic/extensive nodular MB, of which 21% of cases involve SUFU germline mutations (10). Approximately 20% of MBs with SUFU germline mutations involve Gorlin-Goltz syndrome, and the age of onset is under 3 years of age (11). Reports of MB in infants less than 6 months of age with Gorlin-Goltz syndrome caused by SUFU gene mutation are very rare. This article reviews relevant case reports in the past 10 years(A Medline search from January 2010 to December 2021 using the key phrase “medulloblastoma” and “SUFU”). Only 10 cases less than 6 months of age have been reported (6 males and 4 females), and 80% of the histological types were MB with extensive nodularity; there were 3 cases of recurrence and 4 deaths. MBEN constitutes 3% of medulloblastomas, and occurs in children less than 3 years of age. Numerous patients with MBEN are treated by tumour resection and chemotherapy, without radiotherapy, and have a favourable outcome, which is probably related to spontaneous neurocytic (as well as astrocytic) differentiation of this type of medulloblastoma (12, 13).The relevant mutation information and prognostic data are shown in Table 2.


Table 2 | Summary of the past reported case series of germline SUFU-mutated medulloblastoma in patients younger than 6 months of age.



This sample detected SUFU gene c.C436T (p.R146X). No mutations were detected in PTCH1 or PTCH2. It has been reported that in a mouse model, a homozygous variant of SUFU causes protein inactivation and cannot inhibit transcriptional activation, with GLI3 not expressed (17). This variant was found in only one literature report of a patient with MB (18). SUFU, a tumor-suppressor gene, encodes a fusion protein suppressor that is part of the hedgehog signaling pathway and one of the key regulators of embryonic development. SUFU sequesters GLI transcription factors in the cytoplasm and inhibit their activity (19). SUFU inhibits Wnt signaling by exporting β-catenin from the nucleus, and it also acts as an interaction point between the hedgehog and p63 signaling pathways, which may be an important aspect of keratinocyte differentiation regulation (20). Germline or somatic mutations of the truncated type of SUFU, often accompanied by loss of the wild-type allele, are closely associated with childhood MB (21). Germline mutations in SUFU are associated with nevoid basal cell carcinoma syndrome, homozygous mutations with Joubert syndrome type 32, and heterozygous germline mutations with susceptibility to familial meningiomas (9, 22–24). In addition, this study detected an NF1 somatic mutation (NM_001042492:exon16:c.C1765T:p.Q589X). Germline mutations in NF1 have been reported in predisposition syndrome neurofibromatosis type 1, along with somatic mutations in many tumor types, including breast cancer and melanoma (25). The NF1 Q589X mutation detected in this sample is a nonsense mutation. Many gene CNVs were also detected in the patient, such as BRCA1 gain, ERBB2 gain, SMARCA4 gain, SMARCB1 loss, STK11 gain, and TP53 gain. However, there is no literature suggesting that TP53 gain, BRCA1 gain, SMARCA4 gain, and STK11 gain are related to MB. Although TP53 gain was found in this study, no mutation was detected. When TP53 is amplified, detection of TP53 gene mutation by immunohistochemistry may be positive, and it is easy to diagnose the TP53 mutant type, which needs attention. SMARCB1 gene mutation is extremely rare in MB. SMARCB1 gene mutation was detected in 1 case of MB, but its clinical significance remains unclear (26).

The ERBB2 gene, also known as human epidermal growth factor receptor 2 (HER2), encodes a transmembrane receptor that belongs to the ERBB family of receptor tyrosine kinases. Activation of ERBB2-mediated signals can ultimately initiate cell proliferation, migration and differentiation (27). Studies have found that ERBB2 is a therapeutic target for a variety of adult or pediatric tumors, including MB, and ERBB2 gene mutation occurs in 40% of MBs. MB patients with ERBB2 amplification have worse overall and progression-free survival, and this type may be more aggressive (28). Clinical studies of ERBB2-targeted drugs for treatment of ERBB2-amplified MB are currently underway. The results of a phase 1 interim analysis have demonstrated the feasibility of ERBB2-specific CAR-T cells for treatment of children and young patients with relapsed/refractory CNS tumors, including MB (29).

In general, Gorlin-Goltz syndrome screening has important clinical significance for the diagnosis and treatment of MB. Genetic counselling and testing should be used as a standard-of-care procedure in patients with MBWNT and MBSHH, because these patients have the highest prevalence of damaging germline mutations in known cancer predisposition genes (10). Chemotherapy strategies for young children with MB have been explored, the pilot trial HIT-SKK’87 confirmed that postoperative chemotherapy may successfully delay the start of radiotherapy for children aged < 3 years; In the subsequent HIT-SKK’92 trial, intraventricular methotrexate was introduced as a substitute for radiotherapy, and favorable survival rates have been obtained, especially for young patients with desmoplastic/nodular MB, and neurocognitive deficits were less pronounced compared with the HIT-SKK’87 trial (30). In 2011, the trial HIT-SKK’2000BIS4 confirmed that sustained tumor control can be achieved in young children with desmoplastic/nodular MB variants (13). Furthermore, studies also reported encouraging survival, quality of life (QoL) and neurocognitive outcome data for medulloblastoma patients treated on “Head Start” (HS) I and II trial (31). In 2020, “Head Start” III, a clinical trial using intensive induction followed by myeloablative chemotherapy and autologous hematopoietic cell rescue (AuHCR), showed excellent survival and preservation of mean IQ and memory for young children with Nodular/desmoplastic medulloblastoma (32). But in comparison, the adequate strategy for young children with nodular/desmoplastic MB or MB with extensive nodularity might be HIT SKK chemotherapy or similar approaches at present. Chemotherapy is the first-line treatment for MB patients with Gorlin-Goltz syndrome; radiotherapy is not recommended and should be avoided as much as possible because the incidence of secondary tumors (basal cell carcinoma, meningioma, etc.) increases significantly after radiotherapy. Therefore, radiological examinations, such as X-ray and CT, should also be reduced as much as possible in such patients. SMO inhibitors (e.g., sonidegib, vismodegib) have also been used as treatment for SHH-subtype MB. It has been reported that the progression-free survival time is significantly prolonged in SHH-subtype patients after the application of SMO inhibitors, and compared with PTCH1 mutation, targeted therapy can achieve better results in patients with SUFU mutation (33). In recent years, there has been great progress in the treatment of MB with hematopoietic stem cell transplantation. Infusing hematopoietic stem cells after radiotherapy/chemotherapy can rebuild the recipient’s hematopoietic and immune system to treat disease. In this study, Patient two visited a local hospital(not our hospital),which is an ordinary hospital and not able to carry out operations for children with intracranial tumor, in addition, the child’s parents did not know enough about the disease at that time, and they mistakenly believed that the prognosis of the disease is not good (actually the prognosis is good), they gave up all treatments. We thought that Patient two was not treated enough. Patient one had the same tumor(at the same location), the parents were desperate and decided to save this child at all costs, and would try some emerging treatments, including stem cell therapy and chemotherapy regimens that were in clinical trial stage. Fortunately, umbilical cord blood of his mother was stored during delivery. After thorough discussions with parents, HEAD START4 regimen combined with umbilical cord blood stem cell transplantation were selected for Patient one (based on a prospective randomized clinical trial, gov Identifier: NCT02875314). Maybe, Patient one was “overtreated”, however, fortunately, the patient recovered very well at present. Till now, the child’s condition is very good. There is no tumor recurrence on MRI. Growth and development are similar to those of his peers. It has been reported that for high-risk and recurrent MB, reduced-dose cranial radiotherapy combined with high-dose chemotherapy and autologous stem cell transplantation can significantly reduce the complications caused by myelosuppression and improve the survival rate of children (34). Therefore, high-dose chemotherapy combined with stem cell transplantation is expected to be the first-line treatment for high-risk and recurrent MB (35).
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Supplementary Figure 1 | MRI findings for Patient two. MRI showed a large pathological mass in the posterior fossa, very similar to the imaging for Patient 1. (A) Axial T1 images. (B) Sagittal T1 images.

Supplementary Figure 2 | Postoperative review and pathological results for Patient one. The tumor was gray–white, fish-like, and had an abundant blood supply (A). Postoperative CT and MRI showed complete tumor resection (B–D). HE staining (E, F).

Supplementary Figure 3 | Pedigree of the family.

Supplementary Figure 4 | Distribution of mutations in Patient one depicted by a Circos diagram.

Supplementary Figure 5 | The treatment of Patient one in detail.
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OEBPS/Images/table2.jpg
Author Country  Sex, HS MD SUFU NBCCS Inheritance FHM Treatment Outcome

(date) Age(m) Mutation
Gershanov S (2021) Israel Female,3 MBEN NA  De novo NA No No PR+No Follow-up 6 years, no
(14) heterozygous loss of chemotherapy  recurrence, alive
exon 3
Andrey Korshunov ~ Germany  Male,5 MBEN SHH SUFU(p.260 fs) No NA NA GTR+ Follow-up 42 months,
(2018) (15) IV MTX recurrence, alive
Male,5 MBEN SHH SUFU(p.W136X) No NA NA GTR+ Follow-up 34 months,
mon IV MTX recurrence, alive
Guerrini-Rousseau  France Male,1 MBEN NA  c7ldel p.Pro24Argfs72 No Inherited from NA Biopsy+ Follow-up 0.04 years,
L (2018) (11) (siblings) mother cC died
Male, 3 MBEN NA  c7ldel p.Pro24Argfs72 No Inherited from NA Only PR Follow-up
(siblings) mother 0.03 years,died
Female, 6  DNMB NA  c.1096_1117delinsGAA No Inherited from NA CR+ Follow-up 2.4 years, no
p.Leu366Glufs14 father ce recurrence,alive
Male, 1 MBEN NA  c1022+1G>A No NA NA PR+ Follow-up 1.4 years,
[ee} Died
Brugieres L(2010) France Male, <3 MBEN NA  c7ldel NA Inherited from YES NA Died
(16) mother
Female, < MBEN NA  c¢71dup NA Inherited YES NA Alive after relapse
1
Female, < DNMB NA  c¢71dup NA Inherited YES CR Alive in complete
6 remission

HS, histological subtype; MD, molecular diagnosis; NBCCS, nevoid basal cell carcinoma syndrome; FHM, family history of malignancy; PR, partial resection; CR, complete resection; NA,
not available; GTR, gross total resection; IV MTX, intravenous methotrexate injection; CC, conventional chemotherapy; MBEN, medulloblastoma with extensive nodularity; DNMB,
desmoplastic/nodular medulloblastoma.
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