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-BACKGROUND: Medulloblastoma (MB) is a malignant tumor of the central
nervous system (CNS), and sarcoidosis is a chronic inflammatory disease of
many organ systems, commonly affecting the lungs. No association between MB
and sarcoidosis was described in the literature. MB and sarcoidosis have
mutual molecular and signaling pathways that may predispose patients with
sarcoidosis to develop MB. We describe a patient with sarcoidosis who
developed MB.

-CASE DESCRIPTION: The patient is a 36-year-old diagnosed with pulmonary
sarcoidosis presented with ataxia, bilateral horizontal nystagmus, diplopia, and
bilateral upper limb dysmetria was found to have a cerebellar mass on magnetic
resonance imaging (MRI). He was initially treated with corticosteroids as a case
of neurosarcoidosis. The patient’s symptoms worsened, and repeat MRI showed
an increase in the tumor size with hydrocephalus. External ventricular drain
insertion plus midline suboccipital craniotomy and resection of the tumor was
performed. Pathology revealed MB classic type, sonic hedgehogeactivated.
There was no cerebrospinal fluid dissemination. He received craniospinal ra-
diation and chemotherapy. Follow-up 20 months after radiation revealed residual
neurologic symptoms and no recurrence on MRI brain.

-CONCLUSIONS: The exceedingly rare coexistence of adult MB and
sarcoidosis may have a causal relationship based on specific common mole-
cules. Leukotrienes, stimulation of astrocytes and Purkinje neurons, and the
sonic hedgehog signaling pathway can be considered. Further genetic and
molecular studies are merited.
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INTRODUCTION

Sarcoidosis is an idiopathic inflammatory
disease characterized by the presence of
noncaseating granulomas on histopathol-
ogy.1,2 Multiple organ systems are
affected, such as the pulmonary,
lymphatic, hepatic, skin, cardiac, and
central nervous system (CNS).1 Patients
with sarcoidosis who develop CNS
involvement account for 5%e15%;
isolated CNS involvement is rare and
accounts for 1% of cases.1,3 Multiple case
reports described the presence of
cerebral intraparenchymal mass lesions
composed of inflammatory cells in
neurosarcoidosis, and uncommonly,
intraparenchymal cerebellar lesions.4 No
description of medulloblastoma (MB)
associated with sarcoidosis was
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published in the literature. Both diseases
share specific molecular and signaling
pathways that may predispose patients
with sarcoidosis to develop MB.5 We
describe a case of a 36-year-old man who
developed MB 5 months after he was
diagnosed with sarcoidosis.

Case Description
The patient is a 36-year-old man diag-
nosed with pulmonary sarcoidosis in April
2017 managed with corticosteroids and
Imuran presented with visual blurring
associated with unsteady gait and dizzi-
ness, especially early morning that started
in October 2017. Neurologic examination
showed horizontal diplopia and horizontal
nystagmus bilaterally. Bilateral upper limb
dysmetria was noticed, in addition to left
abnormal rapid alternating movements
and intention tremors. Ataxia was present
WORLD NEUROSURGERY, http
with broad-based gait. Magnetic reso-
nance imaging (MRI) showed a midline
cerebellar lesion with an extension to the
left hemisphere (Figure 1). The patient
was tentatively diagnosed with
neurosarcoidosis; he was restarted on
corticosteroids and immunosuppressant
with close follow-up. The neurologic
symptoms temporarily improved; howev-
er, in March 2018, there was a relapse of
neurologic symptoms with an increase in
the mass size and compression of the
fourth ventricle with hydrocephalus on
repeat MRI (Figures 2 and 3).
The patient then underwent midline

suboccipital craniotomy and total excision
of the tumor with an insertion of external
ventricular drain. Surgical pathology
revealed a MB, classic type histology, and
sonic hedgehog (SHH) molecular subtype.
Postoperative computed tomography was
s://doi.org/10.1016/j.wneu.2020.09.135

http://crossmark.crossref.org/dialog/?doi=10.1016/j.wneu.2020.09.135&domain=pdf
mailto:hassounah@kfshrc.edu.sa
https://doi.org/10.1016/j.wneu.2020.09.135
www.journals.elsevier.com/world-neurosurgery
www.journals.elsevier.com/world-neurosurgery
www.sciencedirect.com/science/journal/18788750
www.sciencedirect.com/science/journal/18788750
https://doi.org/10.1016/j.wneu.2020.09.135


Figure 1. Axial (A and B), coronal (C), and sagittal (D) magnetic resonance imaging T1 (April 2017) with
contrast showing enhancing midline and left hemispheric cerebellar mass extending to the fourth
ventricle. There is mild ventricular dilation.
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unremarkable, and the external ventricular
drain was removed after a challenge test 3
days later. There was no tumor dissemi-
nation on spinal MRI and cerebrospinal
fluid studies. The patient was discharged
with residual left upper limb intention
tremor, ataxia, and left eye horizontal
diplopia and nystagmus. He received cra-
niospinal radiation, and chemotherapy
consisted of cisplatin, vincristine, and
lomustine. Follow-up MRI brain in January
2020 showed no residual tumor (Figure 4).
The patient still has persistent left upper
limb intention tremor, ataxia, and left
eye horizontal diplopia and nystagmus in
the last follow-up.
Whole-exome sequencing was per-

formed on this patient’s tumor by
amplicon-based library enrichment
WORLD NEUROSURGERY 145: 290-294,
sequencing using Ion Torrent technology.
An oncogenic somatic mutation was
identified in DDX3X gene
(NM_001356.4:exon10: c.1025þ10A>T,
p.Lys342_Splice, VAF 28%). No patho-
genic mutations were detected in CTNNB1,
SMO, TERT, or TP53.
In addition, a germline single nucleo-

tide polymorphism (SNP) was detected in
this patient’s tumor in the cysteinyl
leukotriene receptor 1 gene (CYSLTR1)
(NM_001282186:exon2: c.927C>T:
p.Phe309Phe, VAF 94%, rs320995).
A homozygous germline polymorphism

was also identified in the nucleotide olig-
omerization domain (NOD2) (also known
as caspase recruitment domain [CARD15] gene)
(NM_022162:exon4: c.802C>T:
p.Pro268Ser, VAF 96%, rs2066842).
JANUARY 2021 www.journals.el
DISCUSSION

Sarcoidosis is a chronic inflammatory
disease with T-cell infiltration into multi-
ple solid organs, primarily the lungs.6

Multiple malignancies are associated
with sarcoidosis, such as hematologic
(leukemia and lymphoma), skin
(melanoma), and solid organ tumors
(lung, breast, renal, rectum, and ovarian
tumors).6 Sarcoidosis of the CNS can
produce solid masses comprised of T-
cells and noncaseating granulomas that
mimic brain tumors. Rare cases were
reported of cerebellar intraparenchymal
masses that were diagnosed as
neurosarcoidosis after lesion biopsy.1,7

MB is a malignant tumor arising from
the external granular layer of the cere-
bellum, a highly proliferative layer that
gives rise to 90% of cerebellar neurons;
MB is considered the most common CNS
malignancy in pediatrics.8 MB is
uncommon in adults, and approximately
80% occur in adults <40 years of age.9,10

The current classification of MB is based
on molecular types, with a more accurate
age of onset and prognosis than the
histopathology counterpart. Wnt, SHH,
type 3, and type 4 are the current
molecular types, with SHH as the most
common MB occurring in adults.11 The
loss-of-function mutation in DDX3X
found in our patient is reported in
approximately 60% of SHH subgroup MBs
in adults.12 DDX3X mediates cell cycle
control by regulating translational
initiation of key cell cycle proteins,
including cyclin E1 and hypoxia-inducible
genes, and function as a tumor suppres-
sor gene.13

SHH is an essential signaling pathway
for the proliferation of neural progenitor
cells and is formed by Purkinje cells; the
absence of SHH leads to apoptosis of
neural cells in the developing cere-
bellum.8,14 SHH is also secreted by
astrocytes and plays a vital role in
sustaining MB cell proliferation through
activation of SHH ligands and
biosynthesis of leukotriene from MB
tumor cells.15 Leukotriene molecules then
stimulate the same MB tumor cells and
express nestin, an intermediate filament
protein integral for MB cell proliferation
and survival.15

In addition, SHH was found to play a
role in MB proliferation through
sevier.com/world-neurosurgery 291
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Figure 2. Axial (A and B), sagittal (C), and coronal (D) magnetic resonance imaging T1 with contrast
(March 2018) showing larger lesion size with a further extension to the left cerebellar hemisphere and
fourth ventricle, abutting the dorsal pons and medulla with resultant noncommunicating
hydrocephalus.

Figure 3. Axial magnetic resonance imaging T2 (March 2018) shows the midline cerebellar lesion size
with no surrounding vasogenic edema (A). There is associated hydrocephalus (B).
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overexpression of peroxisome proliferator-
activated receptors on MB tumor cells,
especially peroxisome proliferator acti-
vated receptors g, and if bound by leuko-
triene, nestin synthesis increases.15

Leukotrienes are inflammatory mediators
produced by activated leukocytes and are
essential for leukocyte migration,
chemotaxis, and other biological
functions. They are abundantly secreted
in sarcoidosis. Cysteinyl leukotrienes and
leukotriene B4 are exuded from the
sarcoid CD4þ T cells. They can be
detected in the bronchoalveolar lavage of
patients with pulmonary sarcoidosis.16-18

There are 2 types of G proteinecoupled
cysteinyl leukotriene receptors: CYSLTR1
and CYSLTR2, located in neurovascular
endothelium, glial cells, and several types
of neurons.19,20 Leukotrienes are known to
increase the bloodebrain barrier perme-
ability. They induce astrocyte proliferation
and Purkinje neuron excitation.21-23 Stim-
ulated astrocytes, in turn, release leuko-
trienes.22,24 The synonymous SNP in the
CYSLTR1 detected in this patient tumor
has been reported to be associated with
an increased risk of asthma and plays a
role in pharmacogenetics of the
leukotriene pathway.25,26 CYSLTR1 was
expressed in astrocytoma, ganglioglioma,
and metastatic adenocarcinoma, and in
the neuron and glial-appearing cells
around brain tumors.27

The other SNP in the NOD2 gene pre-
sent in this patient tumor has shown to
alter the balance between pro- and anti-
inflammatory cytokines, modulating the
risk of infection, chronic inflammation,
and cancer.28 This same polymorphism is
reported to be associated with severe
pulmonary sarcoidosis.29 These 2 SNP
alterations that are known to modulate
immune responses with interleukins and
other cytokine overproduction and
subsequently increase the risk for
infection, inflammation, granuloma
formation (such as sarcoidosis), and
possibly cancer. We postulate that the
interactions between these SNPs, and
perhaps other SNPs, have a remarkable
effect on the immune dysregulation and
tumor progression.
We also hypothesize that leukotriene

leads to developing MB and probably other
malignancies in the body in patients with
sarcoidosis. The produced leukotrienes in
the diseased lung make their way to the
s://doi.org/10.1016/j.wneu.2020.09.135

www.sciencedirect.com/science/journal/18788750
https://doi.org/10.1016/j.wneu.2020.09.135


Figure 4. (AeC) Follow-up magnetic resonance imaging T1 with contrast in 2020, showing no recurrence of medulloblastoma and normal ventricular
size.
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blood and then stimulate the cerebellar
astrocytes and Purkinje neurons with
subsequent overexpression of the SHH
gene and aberrant activation of the SHH
signaling pathway. The resulting MB cells
from the SHH pathway will start prolifer-
ating. The locally produced leukotrienes,
mainly synthesized from astrocytes, will
aid in the proliferation and progression of
MB through nestin expression.
CONCLUSIONS

The development of MB in an adult patient
with pulmonary sarcoidosis is considered
extremely rare. The relationship between
the 2 diseases can be explained either
based on the rare mere concurrent occur-
rence or due to a primary disease that
predisposes to another disease. Consid-
ering that leukotriene is a common factor
in both diseases, it might play a role in MB
tumorigenesis through the SHH pathway.
The imbalanced cytokines production may
promote tumor progression through im-
mune modulation. The subject deserves
further insight, genetic and molecular
studies.

REFERENCES

1. Naqi R, Azeemuddin M. Neurosarcoidosis. Pak
Med Assoc. 2012;62:293-294.
2. Strickland-Marmol LB, Fessler RG, Rojiani AM.
Necrotizing sarcoid granulomatosis mimicking an
intracranial neoplasm: clinicopathologic features
and review of the literature. Mod Pathol. 2000;13:
909-913.
WORLD NEUROSURGERY 145: 290-294,
3. Brinar VV, Habek M. Isolated central nervous
system sarcoidosis: a great mimicker. Clin Neurol
Neurosurg. 2008;110:939-942.

4. Whelan MA, Stern J. Sarcoidosis presenting as a
posterior fossa mass. Surg Neurol. 1981;15:455-457.

5. Hofmann S, Fischer A, Till A, et al. A genome-
wide association study reveals evidence of asso-
ciation with sarcoidosis at 6p12.1. Eur Respir J.
2011;38:1127-1135.

6. Cohen PR, Kurzrock R. Sarcoidosis and malig-
nancy. Clin Dermatol. 2007;25:326-333.

7. Ibrahim B, Alshaer D, Ayoub O. Cerebellar tumor
like lesion in a patient with neurosarcoidosis.
J Med Cases. 2017;8:249-251.

8. Noguchi KK, Cabrera OH, Swiney BS, Salinas-
Contreras P, Smith JK, Farber NB. Hedgehog
regulates cerebellar progenitor cell and medullo-
blastoma apoptosis. Neurobiol Dis. 2015;83:35-43.

9. Zhang N, Ouyang T, Kang H, Long W, Thomas B,
Zhu S. Adult medulloblastoma: clinical charac-
ters, prognostic factors, outcomes and patterns of
relapse. J Neurooncol. 2015;124:255-264.

10. Murase M, Saito K, Abiko T, Yoshida K,
Tomita H. Medulloblastoma in older adults: a
case report and literature review. World Neurosurg.
2018;117:25-31.

11. Northcott PA, Robinson GW, Kratz CP, et al.
Medulloblastoma. Nat Rev Dis Primers. 2019;5:11.

12. Oh S, Flynn RA, Floor SN, et al. Medulloblastoma-
associated DDX3 variant selectively alters the
translational response to stress. Oncotarget. 2016;
10:28169-28182.

13. Lai MC, Chang WC, Shieh SY, Tarn WY. DDX3
regulates cell growth through translational control
of cyclin E1. Mol Cell Biol. 2010;30:5444-5453.

14. Manoranjan B, Venugopal C, McFarlane N, et al.
Medulloblastoma stem cells: where development
and cancer cross pathways. Pediatr Res. 2012;71(4 Pt
2):516-522.
JANUARY 2021 www.journals.el
15. Du F, Yuelling L, Lee EH, et al. Leukotriene syn-
thesis is critical for medulloblastoma progression.
Clin Cancer Res. 2019;25:6475-6486.

16. Antczak A, Piotrowski W, Marczak J, Ciebiada M,
Gorski P, Barnes PJ. Correlation between eicosa-
noids in bronchoalveolar lavage fluid and in
exhaled breath condensate. Dis Markers. 2011;30:
213-220.

17. Piotrowski WJ, Antczak A, Marczak J, Nawrocka A,
Kurmanowska Z, Gorski P. Eicosanoids in exhaled
breath condensate and BAL fluid of patients with
sarcoidosis. Chest. 2007;132:589-596.

18. De Rose V, Trentin L, Crivellari MT, et al. Release
of prostaglandin E2 and leukotriene B4 by alveolar
macrophages from patients with sarcoidosis.
Thorax. 1997;52:76-83.

19. Ghosh A, Chen F, Thakur A, Hong H. Cysteinyl
leukotrienes and their receptors: emerging thera-
peutic targets in central nervous system disorders.
CNS Neurosci Ther. 2016;22:943-951.

20. Gelosa P, Colazzo F, Tremoli E, Sironi L,
Castiglioni L. Cysteinyl leukotrienes as potential
pharmacological targets for cerebral diseases.
Mediators Inflamm. 2017;2017:3454212.

21. Huang XJ, Zhang WP, Li CT, et al. Activation of
cysLT receptors induces astrocyte proliferation
and death after oxygeneglucose deprivation. Glia.
2008;56:27-37.

22. Ciccarelli R, D’Alimonte I, Santavenere C, et al.
Cysteinyl-leukotrienes are released from astro-
cytes and increase astrocyte proliferation and glial
fibrillary acidic protein via cys-LT1 receptors and
mitogen-activated protein kinase pathway. Eur J
Neurosci. 2004;20:1514-1524.

23. Palmer MR, Mathews R, Murphy RC, Hoffer BJ.
Leukotriene C elicits a prolonged excitation of
cerebellar purkinje neurons. Neurosci Lett. 1980;18:
173-180.

24. Seregi A, Simmet T, Schobert A, Hertting G.
Characterization of cysteinyl-leukotriene
sevier.com/world-neurosurgery 293

http://refhub.elsevier.com/S1878-8750(20)32154-9/sref1
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref1
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref2
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref2
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref2
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref2
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref2
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref3
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref3
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref3
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref4
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref4
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref5
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref5
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref5
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref5
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref6
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref6
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref7
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref7
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref7
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref8
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref8
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref8
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref8
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref9
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref9
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref9
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref9
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref10
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref10
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref10
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref10
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref11
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref11
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref12
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref12
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref12
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref12
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref13
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref13
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref13
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref14
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref14
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref14
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref14
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref15
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref15
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref15
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref16
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref16
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref16
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref16
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref16
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref17
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref17
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref17
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref17
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref18
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref18
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref18
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref18
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref19
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref19
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref19
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref19
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref20
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref20
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref20
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref20
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref21
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref21
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref21
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref21
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref21
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref22
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref22
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref22
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref22
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref22
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref22
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref23
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref23
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref23
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref23
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref24
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref24
www.journals.elsevier.com/world-neurosurgery


CASE REPORT

TURKI ELARJANI ET AL. MOLECULAR ASSOCIATION MB AND SARCOIDOSIS
formation in primary astroglial cell cultures.
J Pharm Pharmacol. 1990;42:191-193.

25. Chakravarty D, Gao J, Phillips SM, et al. OncoKB:
a precision oncology knowledge base. JCO Precis
Oncol. 2017;2017:PO.17.00011.

26. Tantisira KG, Drazen JM. Genetics and pharma-
cogenetics of the leukotriene pathway. J Allergy
Clin Immunol. 2009;124:422-427.

27. Zhang WP, Hu H, Zhang L, et al. Expression of
cysteinyl leukotriene receptor 1 in human trau-
matic brain injury and brain tumors. Neurosci Lett.
2004;363:247-251.
294 www.SCIENCEDIRECT.com
28. Kutikhin AG. Role of NOD1/CARD4 and NOD2/
CARD15 gene polymorphisms in cancer etiology.
Hum Immunol. 2011;72:955-968.

29. Ahmad T, Orchard TR, Copley SJ, et al. CARD15/
NOD2 polymorphisms are associated with severe
pulmonary sarcoidosis. Eur Respir J. 2010;35:
324-330.

Conflict of interest statement: The authors declare that the
article content was composed in the absence of any
commercial or financial relationships that could be construed
as a potential conflict of interest.
WORLD NEUROSURGERY, http
Received 27 May 2020; accepted 24 September 2020

Citation: World Neurosurg. (2021) 145:290-294.
https://doi.org/10.1016/j.wneu.2020.09.135

Journal homepage: www.journals.elsevier.com/world-
neurosurgery

Available online: www.sciencedirect.com

1878-8750/$ - see front matter ª 2020 Elsevier Inc. All
rights reserved.
s://doi.org/10.1016/j.wneu.2020.09.135

http://refhub.elsevier.com/S1878-8750(20)32154-9/sref24
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref24
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref25
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref25
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref25
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref26
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref26
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref26
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref27
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref27
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref27
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref27
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref28
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref28
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref28
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref29
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref29
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref29
http://refhub.elsevier.com/S1878-8750(20)32154-9/sref29
https://doi.org/10.1016/j.wneu.2020.09.135
www.journals.elsevier.com/world-neurosurgery
www.journals.elsevier.com/world-neurosurgery
www.sciencedirect.com/science/journal/18788750
www.sciencedirect.com/science/journal/18788750
https://doi.org/10.1016/j.wneu.2020.09.135

	Molecular Association of Medulloblastoma and Sarcoidosis: Case Report and Review of the Literature
	Introduction
	Case Description

	Discussion
	Conclusions
	References


