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ABSTRACT
Atypical teratoid rhabdoid tumors (ATRTs) are rare embryonal tumors comprising 1-2% of all pediatric CNS neoplasms. Spinal ATRTs are evenmore
uncommon, accounting for 2% of all reported ATRT cases. Despite their rarity, ATRTs affect young children disproportionately and are char-
acterized by a high malignant potential due to a heterogeneous cellular composition and inactivating mutations in the SMARCB1 (90%) and
SMARCA4 (10%) genes. A 15-month-old female presented with a 2-week history of decreased lower extremity movement and new-onset need for
assistance with ambulation. MRI lumbar spine revealed a contrast-enhancing intradural mass at the L3-L4 level with iso-intensity on T1 and T2
sequences. The patient subsequently underwent subtotal tumor resection (∼80%) given concerns for maintaining neurological function. Final
pathology was consistent with spinal ATRT, and she later underwent adjuvant chemoradiation therapy per ACNS0333 protocol. She has since
remained in remission with age-appropriate developmental milestones over the past 2 years. ATRTs should be considered in the differential
diagnosis of intradural spinal lesions, especially in the pediatric patient population. Clinical course, presentation, and diagnosis is often delayed due
to the rarity of these tumors, but contrasted craniospinal MRI is key for diagnosis and histopathology with IHC staining showing loss of INI is
confirmatory. While gross total resection is the goal, maximal safe tumor resection should be prioritized in order to preserve neurological function.
Adjuvant chemoradiation following gross total/subtotal resection has been shown to significantly improve overall survival.
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Introduction
Atypical teratoid rhabdoid tumors (ATRT) are rare embryonal

central nervous system (CNS) tumors that primarily occur in

children under 3 years old, and account for 1-2% of all pediatric

CNS cancers and 4.4% of CNS tumors in the age group 0-

5 years.1 Prior to 3 years of age, ATRT has a slight male

preponderance and recently, it was shown that ATRT is the

most common CNS malignancy in children younger than

6 months of age.2,3 Most of these tumors occur intracranially,

with 55-75% of these lesions encountered in infratentorial

locations and 25-40% located supratentorially, even rarely oc-

curring in the ventricles.1,4 Spinal location for ATRTs is ex-

ceedingly rare and has an estimated prevalence of 2% among all

CNS ATRTs.1,5

Primary spinal ATRT is a rare subset of ATRT, with very

few cases documented in the English-language literature. Of-

ten, pediatric patients with spinal ATRT present with rapidly

progressive symptoms of pain andmyelopathy due to spinal cord

compression and early diagnosis and management is key to

improve overall outcome.2,6,7 Though the radiological ap-

pearance of these rare tumors is non-diagnostic, histological

examination of the tissue with the use of immunohistochemical

staining is key for making the diagnosis.6,7

ATRTs are characterized by their heterogeneous histology

and cellular composition, and consist of varying proportions of

rhabdoid, epithelial, mesenchymal, spindled, and primitive

neuroectodermal tumor (PNET) cells.8,9 Despite this mor-

phologic heterogeneity, all ATRTs are associated with in-

activating bi-allelic mutations in one of two genes, SMARCB1

(90% of reported cases) or SMARCA4 (10% of reported cases),

resulting in a loss-of-function mutation in the chromatin-

remodeling complex responsible for cell growth inhibition.10

Together, these mutations and cellular makeup confer a highly

malignant potential, with 20-40% of all ATRTs reported to
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present with leptomeningeal metastasis from their primary

source on initial presentation.11,12

Here we report the case of an intradural, extramedullary

spinal ATRT found in a 15-month-old girl that responded well

to subtotal resection followed by adjuvant chemoradiation

therapy with ACNS0333 protocol.

Case presentation
A 15-month. female presented to an outside hospital with a 2-

week history of fussiness, decreased lower extremity movement,

and new-onset need for assistance with walking. The patient’s

prenatal history was unremarkable, with a normal spontaneous

vaginal delivery at 37 weeks term without any post-natal

complications or history of congenital conditions in the fam-

ily. Additionally, family history was negative for history of

malignancy. On presentation, she was awake and alert, inter-

active, and demonstrated adequate tone and reflexes. However,

she would not stand independently and cried upon lying prone.

The patient was diagnosed with herpangina after oral ulcers

were noted on physical exam, and work-up for osteomyelitis vs

transient synovitis vs septic joint was initiated. Incidentally, an

MRI of the pelvis obtained for further workup showed an

intradural mass at the L3-L4 level with iso-intensity on T1 and

T2 and mild enhancement on post-gadolinium contrast. Uri-

nary retention was also noted on MRI, and a foley catheter was

placed for suspected neurogenic bladder before the patient was

transferred to the University of Iowa Hospitals and Clinics.

Subsequent total-spine MRI the following day revealed a

large, intradural extramedullary mass caudal and ventral to the

cauda equina spanning fromL1-L4,measuring 13 × 17 × 53mm3

(Figure 1A-D). The mass showed heterogeneous enhancement

and diffusion restriction. On gradient images, the mass exhibited

heterogeneous foci of blooming, suggestive of hemorrhagic foci.

Given these findings, the initial differential consisted of small

round blue cell tumors, such as embryonal tumors or Burkitt

Lymphoma.Myxopapillary ependymomawas also considered but

thought to be less likely on the differential given the patient’s age.

Following preoperative optimization, the patient underwent a

posterior approach L1-L4 laminoplasty for intradural mass re-

section. Following bilateral L1-L4 laminectomy, intraoperative

ultrasound was used to ensure that the intradural mass was lo-

calized rostrally and caudally within the margins of the bony

exposure. The dura was then incised under microscopic visual-

ization and the cauda equina and nerve roots overlying the mass

immediately herniated dorsally through the dural and arachnoid

defect. These nerve roots were micro-dissected with Penfield 3

and Rhoton 7 micro dissectors to expose a purple, friable mass

with a central capsule (Figure 2A-C). Nerve roots were inter-

twined with the mass both rostrally and caudally. Following

central debulking with bipolar cautery and suction, the capsule

was mobilized rostrally and separated from the overlying nerve

roots. Debulking continued in a caudal to rostral fashion with

SSEP and EMG monitoring to avoid conus and nerve root

injury. The most rostral aspect of the tumor was noted to be

tightly adherent and ventral to the conus with no clear dissection

plane identified. At this stage, the frozen specimen sent for

pathology resulted and was concerning for a small round blue cell

tumor with a differential of sarcoma, lymphoma, or germ cell

tumor being considered likely. Due to the possibility of medical

management for these differential diagnoses, resection was halted

with ∼80% of the tumor resected. Total tumor resection was

avoided given concern for neurological injury given the remaining

20% of the tumor was abutting the conus medullaris with no clear

dissection plane.

Figure 1. Pre-operative MRI of the spine: Sagittal T1 post-gadolinium contrast (A), sagittal T2 (B), axial T1 post-contrast (C), and axial DWI (D) demonstrating an

intradural extramedullary mass (orange arrow) caudal and ventral to the conus medullaris (green arrow) at L1-L4 with T1 and T2 Iso-intensity, heterogeneous

enhancement, and diffusion restriction (blue arrow). Note the largely distended bladder due to the mass effect and compression on the conus medullaris affecting

bladder emptying (blue star).
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Following satisfactory hemostasis, primary dural closure was

attempted but unsuccessful due to continued dorsal herniation

of the cauda equina and nerve roots (Figure 2D-F). Expansile

duraplasty was then performed with Durepair (TEI Biosciences,

Medtronic, Boston, MA) with 4-0 Nurolon sutures and Tisseel

(Baxter International Inc., Westlake Village, CA) for dural

sealant. Gel foam was placed on the dura, and the L1-L4

spinous processes and laminae were then reattached with KLS

martin plates and screws (KLS Martin LLC, Jacksonville, FL).

Vancomycin antibiotic powder was applied, and the patient’s

fascia and skin were closed using 3-0 nylon in a simple running

fashion. The patient tolerated the procedure well with no

postoperative complications.

Final histopathology of the tumor demonstrated poorly

differentiated and discohesive cells with high nuclear to cyto-

plasmic ratios, vesicular chromatin, and prominent nucleoli

(Figure 3A-D). Immunohistochemistry revealed immunore-

activity for epithelial membrane antigen (EMA), pankeratin,

neurofilament, and smooth muscle-specific actin (SMSA) with

loss of INI-1/SMARCB1, confirming the diagnosis of ATRT.

The patient was initiated on 2 cycles of multiagent chemo-

therapy using cisplatin, cyclophosphamide, vincristine, etopo-

side, and methotrexate, followed by 3-course of high-dose

chemotherapy with proton-based radiation treatment and au-

tologous peripheral blood stem cell transplant per ACNS0333

guideline. Post-operatively, the patient remained neurologically

stable with continued improvement of her lower extremity

weakness throughout her hospital stay. The patient was

discharged on post-operative day 27 following completion of

her first chemotherapy regimen. She was noted to be ambulatory

with moderate assistance. 6 weeks after surgery, post-operative

MRI spine confirmed residual tumor along the conus with no

new enhancing spinal lesions (Figure 4A-D). The patient

continued with 3 cycles of chemotherapeutic regimen per

ACNS0333 guidelines over a 6-month period. At her most

recent follow-up over 2 years after surgery, the patient’s cancer

remains in remission with age-appropriate developmental

milestones (Figure 5).

Discussion
Atypical teratoid rhabdoid tumors (ATRTs) are rare embryonal

tumors, representing only 1-2% of all pediatric CNS

tumors.13,14 ATRTs originating primarily within the spine are

estimated to account for less than 2% of all CNS ATRTs.15

Despite their rarity, ATRTs disproportionately affect younger

children; 40-50% percent of CNSmalignancies in children aged

less than 1 are ATRTs, and it is imperative to consider ATRTs

in the differential diagnosis of pediatric craniospinal neo-

plasms.14 Our patient initially presented to an outside hospital

with lower extremity weakness and was referred to the Uni-

versity of Iowa Hospitals and Clinics for further evaluation after

a lumbar lesion was discovered incidentally on MRI. Subse-

quent spinal imaging prompted tumor workup and evaluation,

culminating in intradural mass resection in conjunction with

ACNS0333 chemotherapy and adjuvant proton-beam radiation

treatment.

Figure 2. Intraoperative pictures. (A) Dorsal approach posterior L1-4 laminectomy with exposure of underlying dura (caudal is to the right). (B) Following dural

opening, Penfield micro-dissectors are used to dissect the cauda equina and nerve roots ventral to the mass exposing a purple, friable mass. (C) Following

exposure, the mass was centrally debulked with bipolar cautery and suction. The cauda equina nerve roots can be seen dorsally displaced. (D) After subtotal

resection of spinal mass with residual mass ventral to the conus. (E) Expansile duraplasty was performed with Durerepair for dural closure. (F) The L1-L4 spinous

processes and laminae were then reattached with KLS martin plates and screws to complete the laminoplasty.
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Histopathology/molecular features

Rhabdoid cell tumors were originally described in the context of

renal tumors; however, in 1996 a seminal study established the

presence of rhabdoid cell tumors within the central nervous

system as being distinct from other lesions, such as medullo-

blastomas or primitive neuroectodermal tumors.16,17 In addi-

tion to rhabdoid cells, the researchers identified epithelial,

mesenchymal, and large and small cells consistent with a ter-

atoid morphology, from which the tumor derives its name.8

Since then, spindle cells and sickle-shaped cells have also been

identified on histologic sectioning.9

Despite this cellular diversity, all ATRTs are associated with

mutations in the SMARCB1 or SMARCA4 genes, causing a

loss-of-function protein deactivation.10 These genes encode

proteins involved in the SWI/SNF chromatin remodeling

Figure 3. (A) H&E, 400×magnification: Intraoperative touch prep demonstrating dis-cohesive tumor cells with irregular nuclear contours, vesicular chromatin, and

scant cytoplasm. (B) H&E, 400× magnification: Sheets of tumor cells with pleomorphic nuclei, prominent nucleoli, and scant cytoplasm. (C) H&E, 200×

magnification: Small-round blue cell neoplasm with broad regions of necrosis. (D) INI1 immunohistochemical stain, 200x: Loss of nuclear expression of INI1 within

tumor cells with preservation of expression within internal control (endothelial cells).

Figure 4. Post-operative MRI of the spine: Sagittal T1 post-gadolinium contrast (A), sagittal T2 (B), axial T1 post-contrast (C), and axial T2 (D) demonstrating

persistent intradural extramedullary mass postoperatively (orange arrow) after incomplete resection with expected internal hemorrhagic changes and decreased

mass effect on the conus medullaris (green arrow).
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complex, named SMARCB1 and SMARCA4.10 The SWI/

SNF complex is responsible for several cellular processes in-

cluding DNA mismatch repair and chromatin structure regu-

lation.18 Mutations in these key proteins result in decreased

strand fidelity due to faulty mismatch repair, as well as un-

controlled cell growth resulting from dysregulated chromatin

remodeling and increased DNA replication with looser chro-

matin structure.19 Finally, mutations in the SMARCB1 and

SMARCA4 are associated with variable levels of DNA hy-

pomethylation, suggesting epigenetic alterations of cell growth

regulation.10

Although bi-allelic SMARCB1 loss is the critical genetic

event in the vast majority of ATRTs, despite this genetic

homogeneity, ATRTs are an epigenetically diverse group of

tumors with distinct enhancer landscapes.20-22 At least three

molecular subtypes of ATRTs exist, each with unique targetable

pathways and potential therapeutic vulnerabilities: ATRT-

TYR, ATRT-SHH, and ATRT-MYC.2-22 ATRT-TYR and

ATRT-MYC subtypes display a critical dependence on re-

ceptor tyrosine kinase pathways. The tyrosine kinase inhibitors

(TKIs) dasatinib and nilotinib display selective toxicity to

ATRT-MYC and TYR cell lines, and dasatinib significantly

improved survival in an intracranial orthotopic xenograft

model.23 ATRT-SHH tumors appear to be more critically

dependent on multiple targetable epigenetic regulators for

survival like EZH2 and inhibition with an EZH2 inhibitor

(UNC1999) has been shown to be selectively toxic to cell lines

from this subgroup.23 A phase-I trial using the EZH2 inhibitor

(tazemetostast) for relapsed or refractory SMARCB1-deficient

tumors is currently ongoing (NCT02601937). All these on-

going clinical trials and laboratory research focused on

translating these exciting new insights into efficacious thera-

peutics, will hopefully improve the outcome of this devastating

disease.In terms of histopathology, intraoperative frozen pa-

thology obtained from our patient was notable for a small round

blue cell tumor with differentials of sarcoma, lymphoma and

germ cell tumor considered more likely given the patient’s age

and tumor location. However, due to the histological similarity

between other embryonal tumors and ATRTs, further mo-

lecular and histological work-up was pursued. Our patient’s

tumor molecular profile disclosed a SMARCB1 pathogenic

variant at a 50% allelic fraction and loss of INI-1 expression,

consistent with one of the two ATRT mutations. Immuno-

histochemistry revealed EMA-1, pankeratin, neurofilament,

and SMSA positive staining, further supporting the diagnosis of

spinal ATRT by identifying rhabdoid, epithelial, and

PNET cells.24,25 Most importantly, IHC was absent for

SMARCB1 protein, allowing a definite diagnosis of ATRT to

be made.26

Clinical and radiological features

The clinical presentation of craniospinal ATRTs mainly de-

pends on the location of the lesion and is often due to com-

pression of adjacent neurovascular structures.5,26 Previously

described symptoms included upper/lower extremity weakness

or paralysis, paresthesia, myelopathy, gait instability, bowel/

bladder control issues, and/or neck/back pain.5,27 Our patient’s

presentation is consistent with what has been reported in the

literature (Table 1). At 15 months of age, she began to exhibit

increased fussiness, decreased lower extremity movement, and

preferred to stand in hip flexion over a span of 2 weeks. The

Figure 5. Repeat MRI spine 5 months post-adjuvant chemoradiation: Sagittal T1 post-gadolinium contrast (A), sagittal T2 (B), axial DWI (C), and axial T2 (D)

demonstrating reduced tumor size (orange arrow) without new enhancing lesions and decompressed conus medullaris (green arrow) and cauda equina (blue

arrow).
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Table 1. Summary of published cases of pediatric spinal ATRT in the English literature.

AUTHORS YEAR
PUBLISHED

SEX AGE PRESENTING
SYMPTOMS

TUMOR LOCATION TREATMENT CHEMO RT OVERALL
SURVIVAL

Tantana
et al30

1988 — — Symptomatic spinal
cord compression

ED bony destruction — — — —

Horie et al31 1992 F 4 m Dorsal soft tissue
mass

Lt thoracic ED space
and paravertebral
region

Laminectomy for
subtotal resection

Y N 4 m, DOD

Rosemberg
et al32

1994 F 2 yr — IDEM — — — —

Rorke et al25 1996 — Infant — Cervical IDEM — — — —

Tamiya et al33 2000 F 7 m Progressive
paraplegia &
bilateral lower
extremity
hypesthesia

T7–L3 IDIM T12–L3
laminectomies for
subtotal resection

Y Y 3 m, DOD

Bambakidis
et al34

2002 M 22 m Paraplegia T11–L3 IDIM subtotal resection Y & ASCR Y 10 m, DOD

Bambakidis
et al34

2002 M 17 yr — Diffuse IDIM Biopsy N Y 1 m, DOD

Mahmood
et al35

2003 M 11 yr Bilateral neck
swelling,
dysphagia,
anorexia, right
shoulder pain

Post oropharynx &
cervical chain w/
invasion of clivus,
left petrous apex,
occipital bone and
C1-2 vertebral
bodies

Lymph node biopsy — — —

Cheng et al36 2005 F 2 yr Low-back pain &
bilateral lower
extremity weakness

T12–S1 ID spine
(IDEM)

Multimodal intensive
therapy
(unspecified)

— — 2 m, DOD

Chen et al37 2005 M 15 yr Mid-back pain IDEM w/invasion of
rootlets

subtotal resection Y & ASCR Y 34 m, NED

Tanizaki
et al38

2006 F 10 m Progressive
paraplegia

T10–conus IDIM Decompressive
laminectomy for
biopsy

Y Y 3 m, DOD

Bannykh
et al39

2006 M 4 yr Progressive bilateral
lower extremity
flaccid paralysis,
pain in low back &
right hip, areflexic
bilateral lower
extremities, sensory
loss below L1,
constipation

T9–L1 IDEM & ED
extension

T9–L1 laminectomies
for subtotal
resection of ED
component

Y, IT Y 18 m, NED

Moeller et al40 2007 M 9 yr Right lower extremity
numbness,
weakness, urinary
incontinence

T11–L2 IDEM Gross total resection N Y 3 m, NED

Yang et al27 2007 M 7 yr Back pain & unstable
gait

L2-4 IDEM L2-4 laminectomies Y Y 7 m, DOD

Kodama
et al41

2007 M 9 m Tetraparesis, severe
loss of muscle tone,
increased knee jerk

C4–T6 IDEM w/ED
extension to right
C6/7 neural
foramen

subtotal resection Y Y 20 m, DOD

(Continued)

6 Journal of Central Nervous System Disease
n n



Table 1. Continued.

AUTHORS YEAR
PUBLISHED

SEX AGE PRESENTING
SYMPTOMS

TUMOR LOCATION TREATMENT CHEMO RT OVERALL
SURVIVAL

Tinsa et al42 2008 F 4 yr Unstable gait, fever,
weakness, anorexia

C1–T1 IDIM C1 laminectomy, C2-7
laminoplasties &
biopsy

N N 0.5 m, DOD

Yano et al43 2008 F 1.75 yr Acute, progressive
tetraparesis

Cervical spine IDEM Gross total resection Y & ASCR Y 27 m, NED

Agrawal
et al44

2009 F 18 m Increasingly painful
swelling in low back
with firm lump

Lumbar spine para-
spinal mass w/
erosions of left L2
transverse process

Near-total resection Y N NS

Athale et al6 2009 M 4.25 yr Mild fever,
progressive
generalized
weakness, back
pain & bilateral
lower extremity
pain, difficulty
walking, right upper
extremity weakness

C5–T2 IDEM w/
predominant
extradural
extension into neck

Cervicothoracic
laminectomies for
subtotal resection

Y Y 11 m, DOD

Niwa et al45 2009 M 6 yr Left neck pain & upper
extremity pain

C4-6 IDEM w/ED
extension into left
neural foramen

Emergent C3-6
laminectomy &
resection of IDEM
component
(subtotal resection)

— — —

Fridley et al46 2009 — 13 m Symptomatic spinal
cord compression

Cervical spine Resected twice Y — 4 m, DOD

Mohapatra
et al47

2010 M 4.5 yr — C1-2 IDEM Resection (extent
unspecified)

N N Unknown

Heuer et al48 2010 M 7 yr Pain w/head turning,
photophobia

Clival–C2 ED Transoral gross total
resection &
occiput–C5 fusion

Y, IT Y 42 m, DOD

Stabouli
et al49

2010 M 2 m Progressive
tetraparesis,
respiratory failure,
bilateral lower
extremity
hyperreflexia &
positive Babinski
reflex

C1-5 IDEM w/ED
extension into
brachial plexus

Open biopsy Y N 6 m, DOD

Huddleston
et al50

2010 M 6 m — Cervical spine — — — —

Dobbs et al51 2011 F 17 yr Left S1 pain &
paresthesia

Left presacral space
& S2 neural
foramen

Biopsy of left S2
lamina → marginal
subtotal resection of
presacral mass

Y N NS

Makis et al52 2011 M 8 m Bilateral lower
extremity
weakness,
hyporeflexia, loss of
motor milestones

L4–SC IDEM w/ED
extension

Biopsy Y N .75 m, NED

Imagama
et al53

2012 F 2 yr Recent fever, bilateral
lower extremity
paralysis and pain

T12–S1 IDEM Emergency T10–S1
laminectomy for
gross total resection

Y, IT N 9 m, DOD

(Continued)
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Table 1. Continued.

AUTHORS YEAR
PUBLISHED

SEX AGE PRESENTING
SYMPTOMS

TUMOR LOCATION TREATMENT CHEMO RT OVERALL
SURVIVAL

Kelley et al54 2012 M 4 yr Constipation & several
days of bilateral
lower extremity
paraplegia

T10–L1 IDEM mass T9–L3 laminectomies
for subtotal
resection

Y, IT Y 5 yr, NED

Yang et al55 2014 F 8 m Progressive limb
weakness

C2–T2 IDIM subtotal resection N N 1 m, DOD

Xin et al56 2014 F 10 yr Neck pain C2-5 ED w/C3
osteolysis

subtotal resection N N 8 m, DOD

Dhir et al57 2015 M 2.5 yr Inability to ambulate,
encopresis, urinary
dribbling since 2
weeks of age,
decreased rectal
tone, bilateral foot
drop

L3 & below IDEM L3–S2 laminoplasty Y N 8 m, NED

Tang et al58 2015 F 13 yr Neck pain & left neck
mass

C4 vertebra Percutaneous needle
biopsy

Y Y 40 m, NED

Mankotia
et al59

2016 M 5 yr Rapidly ascending
quadriparesis,
respiratory distress,
sensory loss below
T4, myelopathic
features

T5-10 IDEM T4-10 laminoplasty for
subtotal resection

Y N 1 m, NED

Chao et al60 2017 M 16 m Urinary retention,
change in bowel
habits, unable to
walk w/decreased
sitting balance,
bilateral lower
extremity loss of
muscle tone

T11–L3 IDEM T10–L3
laminectomies w/
neuro-endoscopic
resection

Y, IT Y 7 m, NED

Babgi et al61 2018 M 6 yr — Thoracolumbar
junction (IM,EM)

Resection ×2 Y Y 16 m, DOD

Singla et al62 2016 M 3 m Right lower extremity
flaccid paralyses

T12–S1 ED Gross total resection N N —

Nishimoto
et al63

2018 M 3 yr Tetraparesis &
dysphagia

C1-2 ED & osteolysis
lower clivus

Emergent C1
laminectomy &
delayed lat
approach for
subtotal resection &
occiput-C2 fusion

N Y 29 m, DOD

Song et al64 2018 M 16 m Bilateral lower
extremity
weakness, areflexic

L1-3 IDEM w/ED
extension

L1-4 laminoplasty for
resection

N Y —

Garling et al65 2018 F 15 yr Bilateral lower
extremity
weakness,
decreased
sensation, weight
loss, back pain, &
progressive bowel
and bladder
incontinence

L3–S2 IDEM w/ED
extension into
sacral plexus

L3-5 laminectomies
for subtotal
resection

— — —

(Continued)
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patient’s tumor was found incidentally while exploring more

common etiologies of pediatric hip and back pain such as os-

teomyelitis, transient synovitis, or septic joint. The rapid pro-

gression of symptoms was concerning for a more aggressive

neoplastic process and has previously been reported in patients

with spinal ATRT. Subsequently, further workup was per-

formed withMRI of the neural axis, given the likelihood of early

metastasis on presentation of pediatric craniospinal embryonal

tumors.28 ATRTs, specifically, have a high rate of lep-

tomeningeal seeding and metastasis, with 46% of cases reported

to have metastatic disease on presentation.29 It’s paramount to

obtain thorough neural axis imaging to evaluate for the presence

of distant seeding from the primary tumor site on initial workup.

Fortunately, in our patient, neural axis MRI showed no signs of

distant metastasis or seeding.

Treatment and long-term outcomes

The prognosis of ATRTs is highly variable depending on tumor

location, clinical presentation, and presence of metastases. A

2022 systematic review by Egiz et al of 39 retrospective studies

found the median overall survival rate of pediatric ATRT

Table 1. Continued.

AUTHORS YEAR
PUBLISHED

SEX AGE PRESENTING
SYMPTOMS

TUMOR LOCATION TREATMENT CHEMO RT OVERALL
SURVIVAL

Hong et al66 2018 M 3 yr Right upper extremity
weakness →
quadriparesis,
bowel and bladder
incontinence

C3-5 IDEM w/ED
extension

Gross total resection Y Y —

Buccoliero
et al7

2019 F 4 yr Difficulty walking, pain
in pelvis & legs

T11–L2 IDIM subtotal resection Y N 4 m, DOD

Buccoliero
et al7

2019 M 18 m Pain & weakness left
lower extremity
weakness

L1-5 IDEM w/ED
extension

subtotal resection Y N 3 m, DOD

Tsitsopoulos
et al67

2020 M 4 m Hypotonia, poor head
control, gradual
reduction of
consciousness

Intraspinal extradural Chemotherapy and
radiation therapy

Y Y 4 m, DOD

Kramer et al68 2020 F 5 yr Progressive bilateral
lower extremity pain

conus medullaris surgical
decompression

— — —

Shiflett et al69 2020 F 17 m Stopped walking,
fussiness

T11 down to cauda
equina

Midthoracic to L5
laminoplasties
gross total resection
w/resection of
lumbar nerve roots,
meninges, & conus
medullaris

N N 1 m, DOD

Meena et al70 2020 M 3 yr Facial grimacing, loss
of all function below
C4 with flaccid
quadriplegia,
preceded by
difficulty walking
hemato-myelia and
spinal subarachnoid
hemorrhage

C3-C7 IDEM subtotal resection N N 1 m, DOD

Biswas et al71 2021 M 6 yr — D10-D12 with a 9 mm
enhancing lesion at
L5-S1

Subtotal resection,
chemoradiation

Y — 30 m NED

Biswas et al15 2023 F 18 m — C3-D1 Subtotal resection and
multiagent adjuvant
chemotherapy and
focal RT

Y Y 30 m NED

Legend: — = not reported; m = months, yr = years; ED = extradural, ID = intradural, EM = extramedullary, IM = intramedullary, IT = intracranial; Y = yes, N = no; ASCR =
autologous stem cell rescue, SRS = stereotactic radiosurgery, DOD = died of disease, NED = no evidence of recurrence.
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diagnoses to be 29 months.72 ATRTs of spinal origin, as was

found in our patient, demonstrate a significantly lower median

survival rate compared to those that are cranial in origin. For

primary tumors, surgical resection is a mainstay of treatment

and prognosis may correlate with the extent of the tumor that

can be safely resected.72 Egiz et al found that complete tumor

resection increased the median survival rate to 4.2 years as

compared to .5-.9 years in patients with partial or subtotal

resection. Adjuvant therapy is also recommended, with che-

motherapy, combination chemotherapy and photon or proton-

based radiation treatments, all having been utilized for multi-

modal management.73 A combination of chemotherapy and

radiation is most common with a median survival rate of

8.842 years.72 Prognosis worsened to a median survival rate of

4.942 years in patients who receive proton-based radiation

therapy, and only .833 years in patients who receive chemo-

therapy as a lone adjuvant to surgical resection.72 This data

suggests that maximal tumor resection alongside chemotherapy

and radiation may provide optimal patient outcomes. However,

due to the lack of a standard treatment protocol, various

multimodal regimens are still being explored through clinical

trials as seen in our patient’s case.

Our patient underwent surgical resection followed by high-

dose chemotherapy with peripheral blood stem cell rescue as

outlined by the ACNS0333 clinical trial protocol, followed by

6 weeks of proton-based radiation therapy.74 Given her young

age, proton-based radiation treatment was chosen to reduce the

risk of late radiation treatment related effects. Proton-based

radiation therapy has gained wide acceptance in the pediatric

oncology community as a modality to minimize the toxicities

associated with photon-based radiation treatments.75,76 Given

the physical properties of the proton beam, it allows for con-

formation of the radiation dose more strictly to the volume of

interest, avoiding critical organs with greater normal tissue

sparing than occurs with photons and is a theoretical advantage

because of the reduction of integral dose to normal tissues (ex.

conus medullaris in our patient).75,76 This ability of protons to

spare normal tissues beyond a specified depth results in lower or

no dose to surrounding organs with subsequent reduced

toxicities.75,76

Currently, our patient remains in remission 27 months

from her initial diagnosis. We demonstrate that sub-total

surgical resection followed by aggressive adjuvant therapy

can allow patients to achieve remission and continue de-

velopment appropriately, with minimal neurologic

impairment.

Ethical statement
Ethics approval and consent to participate

The authors of this study confirm that written informed consent

was obtained from the patient’s parental guardians for partic-

ipation in this study. The University of Iowa Hospital

institutional review board approved all aspects of this study

under IRB # 201902751.

Consent for publication

The authors of this study confirm that a written informed

consent for publication of the patient’s medical images and data

was obtained from the patient’s parents.

Author contributions
Conception and design: Nahom Teferi. Acquisition of data:

Hashim Syed, Alec Hanson. Analysis and interpretation of

data: Hashim Syed, Alec Hanson Drafting of the article:

Hashim Syed, Alec Hanson. Critically revising the article:

Nahom Teferi, Meron Challa, Kathryn Eschbacher, Patrick

Hitchon. Approved the final version of the manuscript on behalf

of all authors: Nahom Teferi.

ORCID iD
Hashim Syed  https://orcid.org/0009-0005-5284-9895

REFERENCES
1. Ho B, Johann PD, Grabovska Y, et al. Molecular subgrouping of atypical teratoid/

rhabdoid tumors-a reinvestigation and current consensus. Neuro Oncol. 2020;22(5):

613-624. doi:10.1093/neuonc/noz235

2. Biswas A, Kashyap L, Kakkar A, Sarkar C, Julka PK. Atypical teratoid/rhabdoid

tumors: Challenges and search for solutions. Cancer Manag Res. 2016;8:115-125.

doi:10.2147/CMAR.S83472

3. Frühwald MC, Biegel JA, Bourdeaut F, Roberts CW, Chi SN. Atypical teratoid/

rhabdoid tumors-current concepts, advances in biology, and potential future

therapies. Neuro Oncol. 2016;18(6):764-778. doi:10.1093/neuonc/nov264

4. Karim A, Shaikhyzada K, Suleimenova A, Ibraimov B, Nurgaliev D, Poddighe D.

Case report: Atypical teratoid/rhabdoid tumor of the lateral ventricle in a male

adolescent (case-based review and diagnostic challenges in developing countries).

Front Oncol. 2022;12:985862. doi:10.3389/fonc.2022.985862

5. Li D, Heiferman DM, Syed HR, , et al. Pediatric primary spinal atypical teratoid

rhabdoid tumor: A case series and review of the literature. J Neurosurg Pediatr 2019;

24(3):1-17. doi:10.3171/2019.4.PEDS19113

6. Athale UH,Duckworth J, Odame I, Barr R. Childhood atypical teratoid rhabdoid tumor

of the central nervous system: A meta-analysis of observational studies. J Pediatr Hematol

Oncol. 2009;31(9):651-663. doi:10.1097/MPH.0b013e3181b258a9

7. Buccoliero AM, Caporalini C, Scagnet M, et al. A diagnostic pitfall: Atypical

teratoid rhabdoid tumor versus dedifferentiated/poorly differentiated chordoma:

Analysis of a mono-institutional series. Appl Immunohistochem Mol Morphol. 2019;

27(2):147-154. doi:10.1097/PAI.0000000000000554

8. Ho DM, Hsu CY, Wong TT, Ting LT, Chiang H. Atypical teratoid/rhabdoid

tumor of the central nervous system: A comparative study with primitive neuro-

ectodermal tumor/medulloblastoma. Acta Neuropathol. 2000;99(5):482-488. doi:10.

1007/s004010051149

9. Zin F, Cotter JA, Haberler C, et al. Histopathological patterns in atypical teratoid/

rhabdoid tumors are related to molecular subgroup. Brain Pathol. 2021;31(5):

e12967. doi:10.1111/bpa.12967

10. Holdhof D, Johann PD, Spohn M, et al. Atypical teratoid/rhabdoid tumors

(ATRTs) with SMARCA4 mutation are molecularly distinct from SMARCB1-

deficient cases. Acta Neuropathol. 2021;141(2):291-301. doi:10.1007/s00401-020-

02250-7

11. Nesvick CL, Lafay-Cousin L, Raghunathan A, Bouffet E, Huang AA, Daniels

DJ. Atypical teratoid rhabdoid tumor: Molecular insights and translation to

novel therapeutics. J Neuro Oncol. 2020;150(1):47-56. doi:10.1007/s11060-

020-03639-w

12. Ud Din N, Barakzai A, Memon A, Hasan S, Ahmad Z. Atypical teratoid/rhabdoid

tumor of brain: A clinicopathologic study of eleven patients and review of literature.

Asian Pac J Cancer Prev. 2017;18(4):949-954. doi:10.22034/APJCP.2017.18.4.949

13. Calandrelli R,Massimi L, Pilato F, et al. Atypical teratoid rhabdoid tumor: Proposal

of a diagnostic pathway based on clinical features and neuroimaging findings.

Diagnostics. 2023;13(3):475. doi:10.3390/diagnostics13030475

10 Journal of Central Nervous System Disease
n n

https://orcid.org/0009-0005-5284-9895
https://orcid.org/0009-0005-5284-9895
https://doi.org/10.1093/neuonc/noz235
https://doi.org/10.2147/CMAR.S83472
https://doi.org/10.1093/neuonc/nov264
https://doi.org/10.3389/fonc.2022.985862
https://doi.org/10.3171/2019.4.PEDS19113
https://doi.org/10.1097/MPH.0b013e3181b258a9
https://doi.org/10.1097/PAI.0000000000000554
https://doi.org/10.1007/s004010051149
https://doi.org/10.1007/s004010051149
https://doi.org/10.1111/bpa.12967
https://doi.org/10.1007/s00401-020-02250-7
https://doi.org/10.1007/s00401-020-02250-7
https://doi.org/10.1007/s11060-020-03639-w
https://doi.org/10.1007/s11060-020-03639-w
https://doi.org/10.22034/APJCP.2017.18.4.949
https://doi.org/10.3390/diagnostics13030475


14. Rechberger JS, Nesvick CL, Daniels DJ. Atypical teratoid rhabdoid tumor (ATRT):

Disease mechanisms and potential drug targets. Expert Opin Ther Targets. 2022;

26(3):187-192. doi:10.1080/14728222.2022.2040017

15. Biswas A, Ghosh V, Roy S, et al. Spinal atypical teratoid rhabdoid tumor-narrative

review and report of a rare case managed with multimodality approach. Childs Nerv

Syst. 2023;39(8):2019-2026. doi:10.1007/s00381-023-05977-2

16. Kleihues P, Louis DN, Scheithauer BW, et al. TheWHO classification of tumors of

the nervous system. J Neuropathol Exp Neurol. 2002;61(3):215-229. doi:10.1093/

jnen/61.3.215

17. Louis DN, Ohgaki H, Wiestler OD, et al. The 2007 WHO classification of tu-

mours of the central nervous system. Acta Neuropathol. 2007;114(2):97-109. doi:10.

1007/s00401-007-0243-4

18. Cheng SW, Davies KP, Yung E, Beltran RJ, Yu J, Kalpana GV. c-MYC interacts

with INI1/hSNF5 and requires the SWI/SNF complex for transactivation function.

Nat Genet. 1999;22(1):102-105. doi:10.1038/8811

19. Li Y, Yang X, ZhuW, et al. SWI/SNF complex gene variations are associated with a

higher tumor mutational burden and a better response to immune checkpoint

inhibitor treatment: A pan-cancer analysis of next-generation sequencing data

corresponding to 4591 cases. Cancer Cell Int. 2022;22(1):347. doi:10.1186/s12935-

022-02757-x

20. Torchia J, Picard D, Lafay-Cousin L, et al. Molecular subgroups of atypical teratoid

rhabdoid tumours in children: An integrated genomic and clinicopathological

analysis. Lancet Oncol. 2015;16(5):569-582. doi:10.1016/S1470-2045(15)70114-2

21. Johann PD, Erkek S, Zapatka M, et al. Atypical teratoid/rhabdoid tumors are

comprised of three epigenetic subgroups with distinct enhancer landscapes. Cancer

Cell. 2016;29(3):379-393. doi:10.1016/j.ccell.2016.02.001
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