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Background: Hemangioblastoma is a benign tumor of the central nervous system and may
appear as a component of von Hippel-Lindau (VHL) disease. At present, approximately 40
cases of optic nerve HGBs have been reported in the literature. VHL disease is a rare
autosomal-dominant inherited cancer syndrome with different phenotypes caused by variants
in the VHL gene. Herein, the authors describe a case of a pediatric patient with VHL disease
and with optic nerve HGB, a rare phenotypic expression. The purpose of this study was to
explore the genotype-phenotype, clinical features, treatment and follow-up of VHL-associated
hemangioblastomas in pediatric patients.

Case Description: A 12-year-old boy presented with vision loss, headache and
dizziness at our hospital. Magnetic resonance imaging (MRI) revealed a large (19.8
mm*18.5 mm*23.5 mm) irregular mass located in the suprasellar region. The mass was
successfully removed after craniotomy and microsurgical treatment. The pathological
diagnosis was left optic nerve HGB. Genetic analyses showed p.Pro86Leu (c. 257C>T)
heterozygous missense mutations in the VHL gene.

Conclusion: This is the first reported pediatric case of VHL-associated optic nerve HGB.
The genotype-phenotype correlation of VHL disease may provide new evidences for
predicting tumor penetrance and survival. Gross tumor resection combined with
stereotactic radiosurgery might be the most beneficial treatment.

Keywords: central nervous system, Von Hippel-Lindau disease (VHL disease), hemangioblastoma, pediatric
neurosurgery, literature review
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INTRODUCTION

Hemangioblastoma (HGB) of the central nervous system (CNS)
is a rare indolent vascular tumor characterized as a benign, slow-
growing, non-metastasizing neoplasm, representing 2% of
cranial tumors (1, 2). HGB is even rarer in pediatric patients,
with an incidence of less than 1 per 1,000,000 (3, 4). HGBs of the
CNS are commonly benign, but they may lead to significant
irreversible neurological deficits and even severe disabling
morbidities based on their location and multiplicity.
Approximately 30% of HGBs are associated with von Hippel-
Lindau (VHL) disease and are often multifocal, situated in the
spinal cord, cerebellum and brainstem (1, 5, 6). HGBs in the
sellar region or suprasellar region are relatively uncommon, and
optic nerve HGBs are extremely rare, with approximately 40
reports in the literature, including this case (7–9).

VHL disease is a rare autosomal dominantly inherited cancer
syndrome. It is associated with a mutation in the VHL tumor
suppressor gene, which is located on chromosome band 3p25-26
(10, 11). Once pathogenic variants occur, patients can exhibit a
series of clinical manifestations: CNS HGBs, pheochromocytomas,
clear cell renal cell carcinomas (RCCs), renal cysts, pancreatic
cysts, pancreatic neuroendocrine tumors, endolymphatic sac
tumors and so on (10, 12). Among them, pheochromocytomas
may be the only and/or initial manifestation in pediatric patients
with VHL disease, with delayed manifestation in other organs; the
presence of CNS HGBs as the first clinical manifestation of VHL
disease is extremely rare. The risk of VHL disease in patients with
CNS HGBs is negatively correlated with patient age (13),
illustrating the importance of genetic testing in pediatric patients
with HGBs.

Here, we describe the first VHL-associated optic nerve HGB
in pediatric patients, a rare phenotypic expression. We also
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provide a literature review of VHL-associated HGBs in
pediatric patients to summarize the genotype-phenotype,
clinical features, treatment and follow-up of this rare disease in
this population.
CASE REPORT

A previously healthy 12-year-old boy was admitted to the
hospital with vision loss, headache and dizziness over 1 month,
which was aggravated in the last 5 days. Magnetic resonance
imaging (MRI) of the head revealed a large (19.8 mm*18.5
mm*23.5 mm) irregular mass located in the suprasellar region
abutting the left aspect of the optic chiasm. It appeared isointense
on T1-weighted imaging (T1WI) and homogenously
hyperintense on T2-weighted imaging (T2WI). After
gadolinium administration, a well-circumscribed enhancing
lesion was observed (Figures 1A–E). A small cerebellar lesion
was also confirmed.

The mother of the patient underwent surgery for HGB in the
CNS (spine, cerebellum) and had pheochromocytomas and
pancreatic cysts. On the basis of the mother’s medical history,
clinical manifestations and imaging examinations, she was
diagnosed with VHL disease, although she refused genetic
sequencing. Therefore, the patient was examined for VHL
disease before surgery. Sequencing of exon 1 of the VHL gene
revealed a c.257C>T mutation (amino acid p.P86L).
Ophthalmological examination revealed that the boundary of
the optic disc in the left eye was pale and that there were no
abnormalities in the right eye. Abdominal computed tomography
(CT) was also performed to identify associated lesions and
pancreatic cysts (Figure 1H). Based on these findings, the
patient was definitely diagnosed with VHL syndrome.
FIGURE 1 | Brain MRI at admission (A–E). (A, B) Axial view (weighted sequence in T1, T2). (C–E) Sagittal, coronal, axial view after contrast injection, with the tumor
marked. (F, G) Brain MRI after surgery. (H) Pancreatic cysts.
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He underwent surgery to remove the tumor from the
suprasellar region at our neurosurgical department, and
histology confirmed the diagnosis of HGB (Figures 2 and 3).
The cerebellar lesion was not in the same surgical field as the
suprasellar tumor and had no obvious mass effect, so they were
not treated at the same time. Immunohistochemical analysis
indicated that the Ki-67 index was approximately 2%.
Furthermore, the neoplasm was positive for EGFR, NSE, CD34
and vimentin and negative for CK-pan, Pax-8, CD10, CD56, S-
100, glial fibrillary acidic protein, inhibin, SSTR2, and epithelial
membrane antigen (Figure 2).

The patient was transferred to the neurosurgery intensive care
unit for postoperative monitoring and was ambulatory on
postoperative day 1. Postoperative MRI (Figures 1F, G)
demonstrated that the lesion in the suprasellar region was
completely removed. He was discharged on postoperative day
7, and regular follow-up was performed. Unfortunately, the
patient lost vision completely in the left eye after surgery.
DISCUSSION

Here, we reported a pediatric case of VHL disease presenting
with HGBs in the optic nerve and cerebellum and pancreatic
cysts. The diagnosis of VHL disease was confirmed by the
identification of a familial germline mutation located in the
first exon of the VHL gene (c.257C>T, p.P86L), which has
been reported in the Human Gene Mutation Database and
VHLdb databases (14, 15). To date, only 7 pediatric cases of
sellar or suprasellar HGB (including optic nerve HGBs) have
been reported (Table 1). Regarding suprasellar HGBs, the
pituitary stalk may be the site of origin in the vast majority of
cases and, rarely, the intracranial portion of the optic nerve. In
our case, we confirmed during surgery that the tumor was mainly
located inside the optic nerve without a discernible tumor
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capsule and without the involvement of the leptomeninges.
Given the rarity of suprasellar VHL-associated HGBs in
childhood, we review the genotype-phenotype association of
VHL disease, treatment, natural history and follow-up.

The Genotype-Phenotype Association of
VHL Disease
The mutation types and locations of the VHL gene have been
reported to be associated with certain phenotypes, suggesting the
necessity of genetic sequencing in patients with suspected
VHL disease.

Typical classification methods divide VHL patients into
two types, depending on the absence or presence of
phaeochromocytoma (1, 10). Type 1 patients have a higher
lifetime risk of HGBs and a lower risk of phaeochromocytoma
FIGURE 2 | Representative postoperative pathological images. (A) Histologic examination of optic nerve HGB. (B–F) Immunohistochemical staining. (B) The
proliferative fraction of tumor cells (Ki-67) was low, at approximately 2%. (C) CD-34 showed abundant blood vessels. Tumor cells showed positivity for EGFR (D),
NSE (E) and vimentin (F).
FIGURE 3 | Surgical pictures. Severe adhesion of the tumor and left
optic nerve.
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development; in turn, the risk of phaeochromocytoma in type 2
patients is estimated at approximately 40–60% (10, 16). Type 2
patients are subsequently subdivided into 3 subtypes based on the
risk of RCC development: Type 2A (susceptibility to HGBs and
pheochromocytoma but rarely RCC), Type 2B (susceptibility to
HGBs, RCC, and pheochromocytoma), and Type 2C
(susceptibility to pheochromocytoma only) (10, 11, 17).

Missense mutations and truncating mutations are the most
common pathogenic variants in the VHL gene. Deletions and
truncating mutations are more highly associated with VHL type 1
disease, while missense mutation carriers seem to have a higher
risk of VHL type 2 disease (11, 18, 19). This association also leads
to a higher risk of pheochromocytomas in patients with missense
germline variants compared to those with truncating variants, a
trend that is reversed for CNS HGBs, RCC and pancreatic cysts
(11, 19–21). Notably, missense mutations appear to result in a
milder phenotype than deletions or truncating mutations because
the residual VHL protein can maintain intrinsic function (22–24).

The result of different germline mutations is VHL protein
(pVHL) inactivation. The complex formed by pVHL and
elongation factors functions as an E3 ligase, and the b-domain
of pVHL binds directly to hypoxia-inducible factor-a (HIF-a)
via residues 65–117 (1, 25, 26). The loss of functional pVHL
results in the accumulation of HIF-a, which leads to the
upregulation of endothelial growth factor (VEGF), platelet-
derived growth factor-b (PDGF- b) and transforming growth
factor-a (TGF-a) and eventually leads to tumorigenesis and the
proliferation of microvascular vessels (10, 27, 28). Taken
together, these findings may explain why patients with non-
HIF-a binding site mutations seem to have a much better
survival and prognosis than those with HIF-a binding site
mutations (20, 29).

Due to the lack of relevant pediatric studies, the genotype-
phenotype association of VHL disease come from the clinical
data of adult patients (29–31). In our case, genetic analysis
revealed a missense mutation in the VHL gene, and the
patients’ clinical manifestation should be closer to that of VHL
type 2 disease. However, he presented with symptoms of CNS
HGBs and did not develop pheochromocytoma. Hence, the
genotype-phenotype association of VHL disease in pediatric
patients needs to be further summarized in a large sample size.

Treatment
Although the optimal surgical timing for resection of VHL-
associated CNS HGBs and the effect of radiotherapy and
chemotherapy remain unclear, tumor resection is currently the
mainstay of therapy for VHL-associated CNS HGBs. The
standard surgical approach for CNS HGBs is craniotomy and
microsurgical treatment, which has the advantages of versatility
and applicability for repeated surgeries using the same strategy
and the disadvantage of invasiveness (6, 10, 32). Endoscopic
transcranial surgery, a novel and emerging operation, is
minimally invasive, but it is not clear whether it can achieve
the same level of efficacy as conventional craniotomy (33).

The optimal timing of surgical intervention remains unclear
due to a lack of studies clarifying the surgical indications (6, 34,
35). A recent prospective long-term study of VHL patients
T
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showed that only 6.3% of all HGBs became symptomatic and
required surgery during the study period (mean, 6.9 years), and
the development of new tumors decreased with age (6, 24, 36).
The study results suggested that consideration of surgical
resection for symptomatic lesions and the avoidance of
unnecessary treatments for asymptomatic tumors that may not
progress can provide lasting clinical stability for most patients.
We recommend that patients with HGBs, especially those with
VHL-associated HGBs, require immediate surgery when CNS
symptoms appear or when radiological characteristics of
asymptomatic tumors indicate an increase in tumor volume.

Recently, stereotactic radiosurgery (SRS) has been investigated
as an alternative treatment modality for CNS HGBs, and it is more
suitable for patients with multiple or recurrent tumors and
nonsurgical candidates (37, 38). When it comes to pediatric
patients, the potential risk of late sequelae should not be ignored
(32, 39). In addition, novel drugs have been developed based on the
key pathways involved in HGB development, and their safety and
effectiveness are being evaluated by several clinical studies (1, 6, 40,
41). These medications include antiangiogenic agents, anti-VEGF
agents, histone deacetylase inhibitors and inhibitors designed for
HIFs (6, 42, 43). Among them, antiangiogenic agents were
reported to halt tumor growth in RCC, and anti-VEGF agents
may be more suitable for retinal HGBs and CNS HGBs (44–46). In
pediatric patients, the therapeutic drugs are promising approach to
delay the onset of symptoms and thus delay surgery.

There are no definite guidelines concerning the treatment of
CNS HGBs in the pediatric and adolescent age group. Surgical
resection of HGBs in pediatric patients is considered to be more
challenging than in adults due to the higher potential risks of
massive bleeding and damage to adjacent functional tissue. In
our case, preoperative embolization of multivascular brain tumor
may be a good choice. In addition, the use of SRS and drug
therapy in pediatric patients is still in the stage of empirical
treatment due to the limited clinical data. We expect a large
retrospective study to better summarize the treatment regimens
for VHL-associated HGBs in pediatric patients.

Natural Disease Course and Follow-Up
VHL disease is a long-term chronic disease that is characterized by
a lifetime risk of multiorgan involvement, and approximately 72%
of patients inevitably develop tumor recurrence or even new lesions
(12, 24, 47). Sex has an effect on tumor development, as male
hormones are associated with an increased CNS HGB burden and
growth rate (24). Furthermore, multiplicity at the time of diagnosis
and younger age at onset have been associated with an increased
rate of tumor development, which usually portends adverse clinical
outcomes (4, 12). Unexpectedly, it has been reported that the tumor
location may also affect growth rate, as tumors in the medulla grow
more slowly than those in the cerebellum or brainstem (20, 24).
Frontiers in Oncology | www.frontiersin.org 5
There are three different patterns of CNS HGB progression:
saltatory (72% of growing tumors), exponential (22%) and linear
(6%) (5, 24, 34). The tumor may remain quiescent for a long
time, so it is necessary to extend the follow-up period
appropriately. In general, physical examination with
neurological assessment is recommended every 6 months for
the first 2 years after surgery in patients with a family history of
VHL, followed by an annual check-up during subsequent years
until the end of the follow-up period (19, 48). A reasonable and
practical proposal may also consist of annual abdominal
ultrasonography, a fundus examination and an audiometric
evaluation. Karnofsky Performance Scale scores are usually
used for the initial assessment of the clinical progression of
CNS HGBs. During the teenage years, yearly abdominal
ultrasonography should be performed, with particular attention
paid to the kidneys, pancreas, and adrenal glands (16, 48). For
children with positive family history or positive genetic testing
for a VHL mutation, an extensive medical, radiological,
urological, neurological and ophthalmological screening should
be performed every year, regardless of whether they undergo
surgery or not. Notably, although there is consensus regarding
the need for lifelong follow-up, controversy remains over the
type of imaging tests and the frequency of screening assessments.
CONCLUSION

Optic nerve HGBs are exceedingly rare tumors associated with
VHL disease. The genotype-phenotype correlation of VHL
disease can be classified into truncating mutations and missense
mutations, which may play an important role in predicting tumor
penetrance and survival. The definitive treatment for these lesions
is surgical resection, followed by SRS if necessary. When
examining pediatric patients with suprasellar tumors, HGB
should also be considered in the differential diagnosis; in
addition, oncologists and surgeons should be aware that CNS
HGBs in pediatric patients can be associated with VHL disease,
and regular follow-up is mandatory. Given the high association
between pediatric HGBs and VHL disease, we recommend that
each pediatric patient with CNS HGBs should be screened for
germline mutations of the VHL gene.
AUTHOR CONTRIBUTIONS

XZ design the study and perform the surgery. BY, ZL, YW, CZ,
and ZZ collected the data. BY, ZL, and YW prepared the
manuscript. All authors contributed to the article and
approved the submitted version.
REFERENCES

1. Capitanio JF, Mazza E, Motta M, Mortini P, Reni M. Mechanisms, Indications
and Results of Salvage Systemic Therapy for Sporadic and Von Hippel-Lindau
Related Hemangioblastomas of the Central Nervous System. Crit Rev Oncol
Hematol (2013) 86(1):69–84. doi: 10.1016/j.critrevonc.2012.10.001

2. Vicente Lacerda RA, Teixeira Junior AG, Sauaia Filho EN, de Macedo
Filho LJM, Antonio AS, Cabral JA, et al. Dural-Based Frontal Lobe
May 2021 | Volume 11 | Article 683021

https://doi.org/10.1016/j.critrevonc.2012.10.001
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Yang et al. Hemangioblastoma Associated With VHL Disease
Hemangioblastoma. World Neurosurg (2019) 129:18–23. doi: 10.1016/
j.wneu.2019.05.175

3. Fisher PG, Tontiplaphol A, Pearlman EM, Duffner PK, Hyder DJ, Stolle CA,
et al. Childhood Cerebellar Hemangioblastoma Does Not Predict Germline or
Somatic Mutations in the Von Hippel-Lindau Tumor Suppressor Gene. Ann
Neurol (2002) 51(2):257–60. doi: 10.1002/ana.10107

4. Cheng J, Liu W, Hui X, Zhang S, Ju Y. Pediatric Central Nervous System
Hemangioblastomas: Different From Adult Forms? A Retrospective Series of
25 Cases. Acta Neurochir (Wien) (2017) 159(9):1603–11. doi: 10.1007/s00701-
017-3275-0

5. Wanebo JE, Lonser RR, Glenn GM, Oldfield EH. The Natural History of
Hemangioblastomas of the Central Nervous System in Patients With Von
Hippel-Lindau Disease. J Neurosurg (2003) 98(1):82–94. doi: 10.3171/
jns.2003.98.1.0082

6. Dornbos D3rd, Kim HJ, Butman JA, Lonser RR. Review of the Neurological
Implications of Von Hippel-Lindau Disease. JAMA Neurol (2018) 75(5):620–
7. doi: 10.1001/jamaneurol.2017.4469

7. Darbari S, Meena RK, Sawarkar D, Doddamani RS. Optic Nerve
Hemangioblastoma: Review. World Neurosurg (2019) 128:211–5. doi:
10.1016/j.wneu.2019.04.224

8. Boratto SDF, Cardoso PAS, Priolli DG, Botelho RV, Goldenberg A, Bianco B,
et al. Von Hippel-Lindau Syndrome: Genetic Study of Case With a Rare
Pathogenic Variant With Optic Nerve Hemangioblastoma, a Rare Phenotypic
Expression. Front Oncol (2020) 10:139. doi: 10.3389/fonc.2020.00139

9. McGrath LA, Mudhar HS, Salvi SM. Hemangioblastoma of the Optic Nerve.
Survey Ophthalmol (2019) 64(2):175–84. doi: 10.1016/j.survophthal.2018.10.002

10. Ben-Skowronek I, Kozaczuk S. Von Hippel-Lindau Syndrome. Horm Res
Paediatr (2015) 84(3):145–52. doi: 10.1159/000431323

11. Qiu J, Zhang K, Ma K, Zhou J, Gong Y, Cai L, et al. The Genotype-Phenotype
Association of Von Hipple Lindau Disease Based on Mutation Locations: A
Retrospective Study of 577 Cases in a Chinese Population. Front Genet (2020)
11:532588. doi: 10.3389/fgene.2020.532588

12. Huntoon K, Wu T, Elder JB, Butman JA, Chew EY, Linehan WM, et al.
Biological and Clinical Impact of Hemangioblastoma-Associated Peritumoral
Cysts in Von Hippel-Lindau Disease. J Neurosurg (2016) 124(4):971–6. doi:
10.3171/2015.4.JNS1533

13. Wang Q, Meng S, Cheng J, Zhang S, Ju Y, Fang Y, et al. Central Nervous
System Hemangioblastomas: An Age-Stratified Analysis. Clin Neurol
Neurosurg (2020) 199:106281. doi: 10.1016/j.clineuro.2020.106281

14. Stenson PD, Ball EV, Mort M, Phillips AD, Shiel JA, Thomas NS, et al. Human
Gene Mutation Database (HGMD): 2003 Update. Hum Mutat (2003) 21
(6):577–81. doi: 10.1002/humu.10212

15. Tabaro F, Minervini G, Sundus F, Quaglia F, Leonardi E, Piovesan D, et al.
VHLdb: A Database of Von Hippel-Lindau Protein Interactors and
Mutations. Sci Rep (2016) 6:31128. doi: 10.1038/srep31128

16. Jain A, Baracco R, Kapur G. Pheochromocytoma and Paraganglioma-an
Update on Diagnosis, Evaluation, and Management. Pediatr Nephrol (Berlin
Germany) (2020) 35(4):581–94. doi: 10.1007/s00467-018-4181-2

17. Maher ER, Neumann HP, Richard S. Von Hippel-Lindau Disease: A Clinical
and Scientific Review. Eur J Hum Genet (2011) 19(6):617–23. doi: 10.1038/
ejhg.2010.175

18. Launbjerg K, Bache I, Galanakis M, Bisgaard ML, Binderup MLM. Von
Hippel-Lindau Development in Children and Adolescents. Am J Med Genet A
(2017) 173(9):2381–94. doi: 10.1002/ajmg.a.38324

19. Rednam SP, Erez A, Druker H, Janeway KA, Kamihara J, Kohlmann WK,
et al. Von Hippel-Lindau and Hereditary Pheochromocytoma/Paraganglioma
Syndromes: Clinical Features, Genetics, and Surveillance Recommendations
in Childhood. Clin Cancer Res (2017) 23(12):e68–75. doi: 10.1158/1078-
0432.CCR-17-0547

20. Liu SJ, Wang JY, Peng SH, Li T, Ning XH, Hong BA, et al. Genotype and
Phenotype Correlation in Von Hippel-Lindau Disease Based on Alteration of
the HIF-alpha Binding Site in VHL Protein. Genet Med (2018) 20(10):1266–
73. doi: 10.1038/gim.2017.261

21. Reich M, Jaegle S, Neumann-Haefelin E, Klingler JH, Evers C, Daniel M, et al.
Genotype-Phenotype Correlation in Von Hippel-Lindau Disease. Acta
Ophthalmol (2021). doi: 10.1111/aos.14843

22. Lu J, Yang C, Chen M, Ye DY, Lonser RR, Brady RO, et al. Histone
Deacetylase Inhibitors Prevent the Degradation and Restore the Activity of
Frontiers in Oncology | www.frontiersin.org 6
Glucocerebrosidase in Gaucher Disease. Proc Natl Acad Sci USA (2011) 108
(52):21200–5. doi: 10.1073/pnas.1119181109

23. Yang C, Asthagiri AR, Iyer RR, Lu J, Xu DS, Ksendzovsky A, et al. Missense
Mutations in the NF2 Gene Result in the Quantitative Loss of Merlin Protein
and Minimally Affect Protein Intrinsic Function. Proc Natl Acad Sci USA
(2011) 108(12):4980–5. doi: 10.1073/pnas.1102198108

24. Lonser RR, Butman JA, Huntoon K, Asthagiri AR, Wu T, Bakhtian KD, et al.
Prospective Natural History Study of Central Nervous System
Hemangioblastomas in Von Hippel-Lindau Disease. J Neurosurg (2014) 120
(5):1055–62. doi: 10.3171/2014.1.JNS131431

25. Lee JS, Lee JH, Lee KE, Kim JH, Hong JM, Ra EK, et al. Genotype-Phenotype
Analysis of Von Hippel-Lindau Syndrome in Korean Families: HIF-a Binding
Si te Missense Mutat ions Elevate Age-Specific Risk for CNS
Hemangioblastoma. BMC Med Genet (2016) 17(1):48. doi: 10.1186/s12881-
016-0306-2

26. Forman JR, Worth CL, Bickerton GR, Eisen TG, Blundell TL. Structural
Bioinformatics Mutation Analysis Reveals Genotype-Phenotype Correlations
in Von Hippel-Lindau Disease and Suggests Molecular Mechanisms of
Tumorigenesis. Proteins (2009) 77(1):84–96. doi: 10.1002/prot.22419

27. Jaakkola P, Mole DR, Tian YM, Wilson MI, Gielbert J, Gaskell SJ, et al.
Targeting of HIF-Alpha to the Von Hippel-Lindau Ubiquitylation Complex
by O2-regulated Prolyl Hydroxylation. Science (New York NY) (2001) 292
(5516):468–72. doi: 10.1126/science.1059796

28. Liu Z, Li L, Yi Z, Duan H, Lu R, Li C, et al. Overexpression of EGFR and
TGFalpha in Von Hippel-Lindau-Related Central Nervous System
Hemangioblastomas. Front Oncol (2020) 10:703. doi: 10.3389/fonc.
2020.00703

29. Binderup ML, Jensen AM, Budtz-Jørgensen E, Bisgaard ML. Survival and
Causes of Death in Patients With Von Hippel-Lindau Disease. J Med Genet
(2017) 54(1):11–8. doi: 10.1136/jmedgenet-2016-104058

30. Tirosh A, Sadowski SM, Linehan WM, Libutti SK, Patel D, Nilubol N, et al.
Association of VHL Genotype With Pancreatic Neuroendocrine Tumor
Phenotype in Patients With Von Hippel-Lindau Disease. JAMA Oncol
(2018) 4(1):124–6. doi: 10.1001/jamaoncol.2017.3428

31. Minervini G, Quaglia F, Tabaro F, Tosatto SCE. Genotype-Phenotype
Relations of the Von Hippel-Lindau Tumor Suppressor Inferred From a
Large-Scale Analysis of Disease Mutations and Interactors. PloS Comput Biol
(2019) 15(4):e1006478. doi: 10.1371/journal.pcbi.1006478

32. Klingler JH, Glasker S, Bausch B, Urbach H, Krauss T, Jilg CA, et al.
Hemangioblastoma and Von Hippel-Lindau Disease: Genetic Background,
Spectrum of Disease, and Neurosurgical Treatment. Childs Nerv Syst (2020)
36(10):2537–52. doi: 10.1007/s00381-020-04712-5

33. Hasegawa H, Shin M, Kin T, Saito N. Fully Endoscopic Minimally Invasive
Tumor Resection for Cystic Cerebellar Hemangioblastoma. World Neurosurg
(2019) 126:484–90. doi: 10.1016/j.wneu.2019.03.158

34. Ammerman JM, Lonser RR, Dambrosia J, Butman JA, Oldfield EH. Long-
Term Natural History of Hemangioblastomas in Patients With Von Hippel-
Lindau Disease: Implications for Treatment. J Neurosurg (2006) 105(2):248–
55. doi: 10.3171/jns.2006.105.2.248

35. Lonser RR, Vortmeyer AO, Butman JA, Glasker S, Finn MA, Ammerman JM,
et al. Edema Is a Precursor to Central Nervous System Peritumoral Cyst
Formation. Ann Neurol (2005) 58(3):392–9. doi: 10.1002/ana.20584

36. Liu Z, Li L, Yi Z, Duan H, Lu R, Li C, et al. Biological and Clinical Impact of
Central Nervous System Hemangioblastomas in Chinese Patients With Von
Hippel-Lindau Disease: Implications for Treatment. Hered Cancer Clin Pract
(2020) 18:21. doi: 10.1186/s13053-020-00153-y

37. Kano H, Shuto T, Iwai Y, Sheehan J, Yamamoto M, McBride HL, et al.
Stereotactic Radiosurgery for Intracranial Hemangioblastomas: A
Retrospective International Outcome Study. J Neurosurg (2015) 122
(6):1469–78. doi: 10.3171/2014.10.JNS131602

38. Bridges KJ, Jaboin JJ, Kubicky CD, Than KD. Stereotactic Radiosurgery
Versus Surgical Resection for Spinal Hemangioblastoma: A Systematic
Review. Clin Neurol Neurosurg (2017) 154:59–66. doi: 10.1016/j.clineuro.
2017.01.012

39. Zibly Z, Cohen ZR, Peled A, Zach L, Nissim U, Attia M, et al. Linear
Accelerator Stereotactic Radiosurgery Can Modulate the Clinical Course of
Hemangioblastoma: Case Series and Review of the Literature. J Clin Neurosci
(2020) 82(Pt A):162–5. doi: 10.1016/j.jocn.2020.09.026
May 2021 | Volume 11 | Article 683021

https://doi.org/10.1016/j.wneu.2019.05.175
https://doi.org/10.1016/j.wneu.2019.05.175
https://doi.org/10.1002/ana.10107
https://doi.org/10.1007/s00701-017-3275-0
https://doi.org/10.1007/s00701-017-3275-0
https://doi.org/10.3171/jns.2003.98.1.0082
https://doi.org/10.3171/jns.2003.98.1.0082
https://doi.org/10.1001/jamaneurol.2017.4469
https://doi.org/10.1016/j.wneu.2019.04.224
https://doi.org/10.3389/fonc.2020.00139
https://doi.org/10.1016/j.survophthal.2018.10.002
https://doi.org/10.1159/000431323
https://doi.org/10.3389/fgene.2020.532588
https://doi.org/10.3171/2015.4.JNS1533
https://doi.org/10.1016/j.clineuro.2020.106281
https://doi.org/10.1002/humu.10212
https://doi.org/10.1038/srep31128
https://doi.org/10.1007/s00467-018-4181-2
https://doi.org/10.1038/ejhg.2010.175
https://doi.org/10.1038/ejhg.2010.175
https://doi.org/10.1002/ajmg.a.38324
https://doi.org/10.1158/1078-0432.CCR-17-0547
https://doi.org/10.1158/1078-0432.CCR-17-0547
https://doi.org/10.1038/gim.2017.261
https://doi.org/10.1111/aos.14843
https://doi.org/10.1073/pnas.1119181109
https://doi.org/10.1073/pnas.1102198108
https://doi.org/10.3171/2014.1.JNS131431
https://doi.org/10.1186/s12881-016-0306-2
https://doi.org/10.1186/s12881-016-0306-2
https://doi.org/10.1002/prot.22419
https://doi.org/10.1126/science.1059796
https://doi.org/10.3389/fonc.2020.00703
https://doi.org/10.3389/fonc.2020.00703
https://doi.org/10.1136/jmedgenet-2016-104058
https://doi.org/10.1001/jamaoncol.2017.3428
https://doi.org/10.1371/journal.pcbi.1006478
https://doi.org/10.1007/s00381-020-04712-5
https://doi.org/10.1016/j.wneu.2019.03.158
https://doi.org/10.3171/jns.2006.105.2.248
https://doi.org/10.1002/ana.20584
https://doi.org/10.1186/s13053-020-00153-y
https://doi.org/10.3171/2014.10.JNS131602
https://doi.org/10.1016/j.clineuro.2017.01.012
https://doi.org/10.1016/j.clineuro.2017.01.012
https://doi.org/10.1016/j.jocn.2020.09.026
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Yang et al. Hemangioblastoma Associated With VHL Disease
40. Merrill MJ, Edwards NA, Lonser RR. Notch Receptor and Effector
Expression in Von Hippel-Lindau Disease-Associated Central Nervous
System Hemangioblastomas. J Neurosurg (2011) 115(3):512–7. doi: 10.3171/
2011.5.JNS11271

41. Sizdahkhani S, Feldman MJ, Piazza MG, Ksendzovsky A, Edwards NA, Ray-
Chaudhury A, et al. Somatostatin Receptor Expression on Von Hippel-
Lindau-Associated Hemangioblastomas Offers Novel Therapeutic Target.
Sci Rep (2017) 7:40822. doi: 10.1038/srep40822

42. Cuesta AM, Albinana V, Gallardo-Vara E, Recio-Poveda L, de Rojas PI, de Las
Heras KVG, et al. The Beta2-adrenergic Receptor Antagonist ICI-118,551 Blocks
the Constitutively Activated HIF Signalling in Hemangioblastomas From Von
Hippel-LindauDisease. Sci Rep (2019) 9(1):10062. doi: 10.1038/s41598-019-46448-6

43. Albiñana V, Gallardo-Vara E, de Rojas PI, Recio-Poveda L, Aguado T, Canto-
Cano A, et al. Targeting b2-Adrenergic Receptors Shows Therapeutical
Benefits in Clear Cell Renal Cell Carcinoma From Von Hippel-Lindau
Disease. J Clin Med (2020) 9(9):2740. doi: 10.3390/jcm9092740

44. Rogers LR, LoRusso P, Nadler P, Malik G, Shields A, Kaelin W. Erlotinib
Therapy for Central Nervous System Hemangioblastomatosis Associated
With Von Hippel-Lindau Disease: A Case Report. J Neurooncol (2011) 101
(2):307–10. doi: 10.1007/s11060-010-0244-3

45. Kim BY, Jonasch E, McCutcheon IE. Pazopanib Therapy for Cerebellar
Hemangioblastomas in Von Hippel-Lindau Disease: Case Report. Target
Oncol (2012) 7(2):145–9. doi: 10.1007/s11523-012-0214-0
Frontiers in Oncology | www.frontiersin.org 7
46. Migliorini D, Haller S, Merkler D, Pugliesi-Rinaldi A, Koka A, Schaller K, et al.
Recurrent Multiple CNS Hemangioblastomas With VHL Disease Treated
With Pazopanib: A Case Report and Literature Review. CNS Oncol (2015) 4
(6):387–92. doi: 10.2217/cns.15.22

47. van der Horst-Schrivers ANA, Sluiter WJ, Kruizinga RC, van Leeuwaarde RS,
Giles R, Olderode-Berends MJW, et al. The Incidence of Consecutive
Manifestations in Von Hippel-Lindau Disease. Fam Cancer (2019) 18
(3):369–76. doi: 10.1007/s10689-019-00131-x

48. Prasad R, Johnston LB, Savage MO, Martin L, Perry LA, Storr HL. Pediatric
Endocrine Screening for Von Hippel-Lindau Disease: Benefits and the
Challenge of Compliance. J Endocrinol Invest (2011) 34(4):296–9. doi:
10.1007/BF03347089

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Yang, Li, Wang, Zhang, Zhang and Zhang. This is an open-access
article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.
May 2021 | Volume 11 | Article 683021

https://doi.org/10.3171/2011.5.JNS11271
https://doi.org/10.3171/2011.5.JNS11271
https://doi.org/10.1038/srep40822
https://doi.org/10.1038/s41598-019-46448-6
https://doi.org/10.3390/jcm9092740
https://doi.org/10.1007/s11060-010-0244-3
https://doi.org/10.1007/s11523-012-0214-0
https://doi.org/10.2217/cns.15.22
https://doi.org/10.1007/s10689-019-00131-x
https://doi.org/10.1007/BF03347089
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Central Nervous System Hemangioblastoma in a Pediatric Patient Associated With Von Hippel-Lindau Disease: A Case Report and Literature Review
	Introduction
	Case Report
	Discussion
	The Genotype-Phenotype Association of VHL Disease
	Treatment
	Natural Disease Course and Follow-Up

	Conclusion
	Author Contributions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


