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Abstract

Background Extradural malignant rhabdoid tumors of the spine are highly malignant and invasive tumors (WHO grade IV)
with poor prognosis, most frequently occurring in young children before 2 years of age. Pain and motor deficit are the most
common presenting signs.

Case description We report a case of a 2-year-old girl presenting with axial ataxia and paraparesis related to an extradural
malignant rhabdoid tumor causing posterior thoracic spinal cord compression (D3-D6). She underwent two near-total
removal of the tumor, adjuvant chemotherapy according to the Eu-Rhab protocol and proton beam therapy. She then devel-
oped multiple cranial nerve paresis (meningeal carcinomatosis) after 4 cycles of chemotherapy and died at 4.32 months of
follow-up.

Discussion and conclusion The role of the PET scan was essential to guide us to remove a residue, while two concomitant
spinal MRIs were considered negative. We reviewed the 16 cases reported in the literature. Multiple surgeries and radio-
therapy seem to be correlated with longer survival. No child younger than 2 years old had a documented survival higher

than 4.32 months.
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Introduction

Malignant rhabdoid tumors (MRTs) are highly aggressive
embryonal tumors (WHO grade IV) that usually arise in
young children (median age at onset, 11-18 months). The
incidence of MRT is very low, estimated at 0.06 per 100,000
[1]. The three presentations of MRT (location-based) are
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MRT of the kidney (MRTK), MRT of the central nervous
system (atypical teratoid rhabdoid tumor—ATRT) and
extracranial, extrarenal rhabdoid tumor (EERT) [2]. Never-
theless, the literature is unclear for lesions occurring outside
the dura but inside the spinal canal, and they are classified
as EERT or extradural primary spinal ATRT. Even though
ATRT is the most common CNS malignancy in children
younger than 6 months of age and accounts for 4.4% of CNS
tumors in the age group 0-5 years [3], primary spinal cases
are rare, with only 49 pediatric cases (9 purely extradural)
documented in the English-language literature according to
Lietal. [4].

Historical background

The low median age of onset of this cancer may be explained
by the paucity of mutations found and needed for its devel-
opment. According to Lee et al. [5], the mean mutation rate
is 0.19 mutations per Mb, the lowest of all high-grade can-
cers sequenced to date. In most of these tumors, the only
genes showing recurrent inactivation are SMARCBI1 or, in
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Table 1 Literature review of pediatrics spinal extradural malignant rhaboid tumors

Study Year N S Age at diagnosis Symptoms/signs DoS (W)
» Motor Sensitive  Urinary Pain Hus
Horie et al. 1992 1 F 0.33 + 4
(12]
Tamiya 2000 1 F 0.58 + + + 4
etal. [16]
Mahmood 2003 1 M 11.00 + 12
etal. [13]
/ 0.33
Bourdeaut 2008 3 / 0.08
etal. [10]
/ 2.25
Agrawal 2009 1 F 1.50 +
et al. [9]
Heuer et al. 2010 1 M 7.00 + 44
(3]
Dobbs et al. 2011 1 F 17.00 + + 8
(11]
Uwineza 2014 1 M 0.01
et al. [2]
Xinetal. 2014 1 F 10.00 + 8
(19]
Tang etal. 2015 1 F 13.00 + 12
[17]
Singla et al. 2016 1 M 0.25 +
[15]
Nishimoto 2018 1 M 3.00 + 2
etal. [14]
Tsitsopoulos2020 1 M 0.33 + + 1
etal. [18]
Vigneul 2023 1 F 2.00 + + + 1
etal
Location FE. MRI findings CT findings EOR at first EOR at second
T - surgery surgery
Level Side T1 T1 TI+G Foraminal  Vertebral
enlargement osteolysis
Tx +
T7 to L1 An Hypo Iso Hetero + PR
Clivus-C2 Hypo Biopsy
Paraspinal
Paraspinal
Paraspinal PR
L2 L + NTR
Clivus-C2  An Iso + + Biopsy GTR
S2 An U Iso Hyper + + + Biopsy Biopsy
PR
C2to C5 An B Hypo Hyper Hetero + + STR
C4 An U Hypo + + Biopsy
T12 to S1 P Iso Iso + GTR
Clivus-C2  An Iso Iso Hetero + PR
C4t0 Tl An U Iso Iso + Biopsy
T4 to T6 P B Iso Hetero + - NTR NTR
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Table1 (Continued)

N of surgeries Chemotherapy Radiotherapy Local progression Metastasis (location and time Survival (moths)
in months)
1 + - + pleural. brain 4
2 - - brain (0.26) 0.4
1 + -
0 VP-Cis/CAV - +
1 CAdO/VA-Carbo - +
2 VA-Carbo/IVA 42 Gy + > 18
1 + - + >2
2 CAdO, Cis, VP, Me 54 Gy - extradural L1 (27) 42
dT), CS, ARA-C,
™Z
3 Carbo, C, VP -
1 ERR protocode - 1.25
1 Semustine > 2 Gy lungs, lymph nodes (2) 8
3 I, VP,V 5.4 Gy + > 40
1 - - + >4
2 - SRS + rib (13), pharynx (24) 29
1 V,A,C,CS 62.5 Gy + 2.75
2 ERR protocode 45 Gy + Intradural (4) 4.32

A actinomycin, An anterior, Ara-c. cytosine arabinoside, B bilateral, C cyclophosphamide, CadO cyclophosphamide+doxorubicin+vincristine,
Carbo carboplatin, CAV cyclophosphamide+adriamycin+vincristine, Cis cisplatin, CS corticosteroids, CT computed tomography, DoS duration
of symptoms, EOR extension of resection, ERR European rhabdoid registry, F female, F.E. foraminal extention, GTR gross-total resection, H
hydrocephalus, hetero heterogenous enhancement after gadolinium injection, hyper hypersignal compared to the spinal cord, hypo hyposignal
compared to the spinal cord, / ifosfamide, iso isosignal compared to the spinal cord, /T intrathecal, L lateral, M male, Me methotrexate, MRI
magnetic resonance imaging, N number, NTR near-total resection (between 95 and 100% of resection), P posterior, PR partial resection (less
than 80% of resection), p-fossa posterior fossa, S sex, STR subtotal resection (between 80 and 95% of resection), TMZ temozolomide, Tx tho-
racic spine, 71 T1-weighted image, 7/+G T1-weighted image with gadolinium injection, 72 T2-weighted image, U unilateral, V vincristine, VP

etoposide, W week, Y year

rare cases, SMARCA4, two genes encoding subunit mem-
bers of the BAF chromatin-remodeling complex that are
essential for the organization of chromatin and activation of
most promoters [6, 7].

Approximately 20 to 35% of patients presenting with
MRT have heterozygous germline mutations in one of those
two genes, defining rhabdoid predisposition syndrome 1
(for monoallelic SMARCB1 mutation) or 2 (for monoal-
lelic SMARCA4 mutation) [7, 8]. These predisposition syn-
dromes lead to familial cases and earlier onset of rhabdoid
tumors, in agreement with the two-hit model (median age of
onset of 5.5 months in children with RSP1) [7].

We reviewed the literature regarding extradural malignant
rhabdoid tumors and found 16 other similar cases of tumors
that were nonmetastatic at diagnosis [2, 3, 9-19]. We sum-
marize the relevant information in Table 1.

Clinical presentation

The most common symptom is pain, followed by motor defi-
cits. The median duration of symptoms before diagnosis is
6 weeks. There is no significant gender difference (46% male

and 54% female). The mean age at diagnosis is 4.29 years,
and the median age is 1.75 (Table 1).

Diagnosis

The radiological appearance of the lesion compared to the
spinal cord is often hypo/iso T1 and iso/hyper T2, with het-
erogeneous enhancement after gadolinium injection. Bony
involvement is frequent, with foraminal enlargement or ver-
tebral body osteolysis. All the lesions compressed the neural
elements at diagnosis, most of the time anteriorly (70%). The
cervical spine is the most impacted segment (50%) (Table 1).

MRT are solid tumors, composed of poorly differentiated
(rhabdoid) cells with prominent nucleoli. The diagnosis is
confirmed by DNA methylation profiling.

Management
There is no clear consensus about the management of these

lesions. Most frequently therapeutic management consists of
surgery followed by chemotherapy and radiotherapy (38%)
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or surgery followed by chemotherapy alone (38%). Surgery
alone is performed in 13% of the cases, and chemotherapy or
radiotherapy alone in 6%. Outcomes are detailed in Table 1.

Prognosis and outcomes

Prognosis is poor, with survival rates between 0.4 and
42 months (mean of 12 months) [20]. Unfavorable prog-
nostic factors are age below 2 years, metastatic disease at
diagnosis, non-R0 tumoral resection, and delayed initiation
of radiation therapy [3, 6]. All patients with documented
survival of more than 1 year (four) were at least 2.25 years
of age at diagnosis and underwent at least 2 surgeries and
radiotherapy. The location of the lesion was documented in
three out of these four cases and was localized anteriorly in
the cervical spine between CO and C4 for all 4 patients. Two
patients [3, 17] had a survival superior to 40 months. They
were 7 and 13 years old at diagnosis. Treatment included
gross-total resection of the lesion. They both received sev-
eral lines of chemotherapy (including vincristine and etopo-
side) and radiotherapy. The second child [17] also benefit-
ted from the implantation of seven 1251 radioactive seeds
into the tumoral area. The first child [3] had extramedul-
lary metastasis at the L1 level 27 months after the original
surgery. He underwent a laminectomy from T-12 to L-1,
and the tumor was removed. He then underwent high-dose
chemotherapy and a stem cell rescue clinical trial following
resection but died of disseminated disease 42 months after
the first surgery. The second patient [17] had a follow-up
of 40 months, with no recurrence or new lesion onset at the
last follow-up.

Exemplary case description

A 2-year-old girl was admitted to the emergency depart-
ment after a 3-day history of intense discomfort, irritability
with inconsolable crying upon touching her back and chest

Fig.1 MRI of the cervical and
thoracic spine (day 0). a Sagittal
T1 image, b sagittal T2 image,
and c axial T2 image
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and sleep difficulties. She also developed a brutal onset of
axial ataxia and paraparesis the day before admission. Blood
tests were normal. Lumbar puncture showed hyperproteinor-
rhachia without other anomalies.

Spine MRI showed a well-defined extradural mass
located in D3-D6, pushing the dural sac and the spinal
cord forward, associated with altered spinal cord signal on
T2-weighted images (T2 hypersignal). The tumor presented
an intermediate T2, STIR, and T1 postenhancement with a
well-defined, hypo T2 capsule. The lesion extended toward
the D4-D5 and D5-D6 foramina, predominantly on the
right, with enlarged foramina suggesting a relatively slow
process. The magnetic susceptibility sequence showed no
hematic residue. The diffusion sequence demonstrated a
clear and homogeneous restriction, with a drop in signal on
the ADC map. The rest of the spine and the head MRI were
normal (Fig. 1).

The patient was brought to the operative room the same day
for medullar decompression and tumor resection. We found a
hemorrhagic, soft yellowish extradural tumor. There was no
dural attachment or dural alteration. The lesion could easily be
removed from the dura using a dissector. Foraminal resection
was performed using an ultrasonic aspirator (CUSA®) (Fig. 2).
The resection was considered complete intraoperatively and on
the first look of the postoperative MRI.

Paraparesis remained severe (Medical Research Council
(MRC) 2) in the immediate postoperative period but improved
quickly thereafter (MRC 3—4 at discharge on day 6).

Histological examination revealed a solid tumor sur-
rounded by adipose tissue. The neoplasm was composed of
sheets of poorly differentiated cells with prominent nucle-
oli and scant cytoplasm and exhibited frequent mitotic and
apoptotic figures. Some areas showed a myxoid background,
and foci of necrosis were present as well (Fig. 3a).

The immunohistochemical analysis showed partial posi-
tivity for cytokeratin AE1/AE3, EMA, and SALL4, while
GFAP, S100, and synaptophysin were negative. The MIB-1/
Ki-67 labeling index was 80%. INI-1 nuclear staining was
lost in the tumoral cells (Fig. 3b, c).
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Fig.2 Perioperative pictures

of the lesion. Upper part of the
lesion on the left side of the pic-
tures a before tumor resection, b
during tumor resection, and c at
the end of tumor resection

The diagnosis of extrarenal rhabdoid tumor was thus
established and confirmed by DNA methylation profiling.

Analysis of the SMARCBI gene in the tumor found a
homozygous deletion of SMARCBI in the methylation profiling.

To exclude extraspinal metastasis of MRTK, we per-
formed a full-body PET-CT scan (FDG) (day 10) and MRI
(day 12) (Fig. 4a, b). It revealed a probable nodule next to

the right D5-D6 foramina embedded in the postsurgical
inflammatory tissue. On second look, the residue was vis-
ible on the postoperative MRI (day 5) (Fig. 4c).
The child underwent a second surgery, and resection of
the residue was considered again complete (day 26) (Fig. 5).
Adjuvant chemotherapy was started on day 36, accord-
ing to the Eu-Rhab protocol [20], consisting of sequential
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Fig. 3 Histopathological and immunohistochemical findings. H&E MIB-1/Ki67 labeling index was up to 80% of tumor cells (b). INI-1
staining revealed poorly differentiated cells with prominent nucle- loss of nuclear staining in tumoral cells (c¢)
oli, scant cytoplasm, and frequent mitotic figures (arrows) (a). The

Fig.4 Full body PET-CT (day
10) a Axial view of the D5-D6
level, b sagittal view of the
D5-D6 level, and ¢ postoperative
MRI of the D5-D6 level (day 5)

Fig.5 Operating view of the
tumor inside the right D5-D6
foramen before (a) and after (b)
its opening

Fig. 6 MRI of the thoracic spine (day 44). a Axial T1+gadolinium, b coronal T14gadolinium, and ¢ PET- CT of the thoracic spine (day 10)
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chemotherapies starting on day 36 (DOX (doxorubicin),
ICE (ifosfamide, carboplatinum, and etoposide), and VCA
(vincristine, cyclophosphamide, and actinomycin-D)) and
radiotherapy. The patient underwent proton beam therapy
(50.4 Gy in 28 fractions of 1.8 Gy, 4-5 times a week) start-
ing on day 58.

A third spinal MRI was performed before proton beam
therapy (day 44) (Fig. 6). Among the important postsurgical
inflammatory changes, a nodular image at the height of the
D5 vertebral body was found. It was located in the right par-
avertebral region, extending between the subpleural space
and the D5-D6 conjugation foramen. It was not visible on
the previous MRI scan (day 12), but intercostal extension
was retrospectively visible on the PET scan (day 10).

Unfortunately, the patient developed multiple cranial
nerve paresis after 4 cycles of chemotherapy. MRI (day
121) showed meningeal carcinomatosis with multiple
intracranial metastases and within the spinal canal. The
child died on day 134.

Conclusion

Extradural malignant rhabdoid tumors of the spine are highly
malignant and invasive tumors with poor prognosis, most fre-
quently occurring in young children before 2 years of age. The
most common symptoms are pain and motor deficits. Diag-
nosis could be suggested when imaging depicts a large extra-
dural mass that extends through the intervertebral foramina
and invades the paraspinal soft tissues or vertebral bones in
a young patient.

Due to its MRI signal, recurrence does not always appear
clear on MRI, and FDG PET scans can deliver precious assess-
ment information about the location and size of the residue or
tumoral progression. Multiple surgeries and radiotherapy seem
to be correlated with longer survival.
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