Interdisciplinary Neurosurgery 21 (2020) 100746

Contents lists available at ScienceDirect

interdisciplinary
neurosurgery

Interdisciplinary Neurosurgery

journal homepage: www.elsevier.com/locate/inat

Case Reports & Case Series

Check for
updates

Primary intra and extradural solitary fibrous tumor/hemangiopericytoma of
thoracic spine with paravertebral intrathoracic spread: Case report and
review of the literature

a,x

Vito Fiorenza™", Francesco Ascanio®, Francesca Ferlito”, Benedetto Lo Duca?, Damiano Librizzi¢

@ Neurosurgery Department, A.R.N.A.S. “Civico - Di Cristina - Benfratelli” Hospital, Palermo, Italy
Y Department of Surgical Oncological and Oral Sciences (DICHIRONS), University of Palermo, Palermo, Italy
¢ Thoracic Surgery Department, A.R.N.A.S. “Civico - Di Cristina - Benfratelli” Hospital, Palermo, Italy

ARTICLE INFO ABSTRACT

Keywords:

Dumbbell Tumors

Primary Spine Tumors

Solitary Fibrous Tumor/Hemangiopericytoma

Solitary fibrous tumors/hemangiopericytomas (SFTs/HPCs), constitute 1% of all CNS tumors. Spinal SFTs/HPCs
are extremely rare. To date, few retrospective studies and case reports of primary spinal SFTs/HPCs have been
published in the literature. We report clinical and radiological presentation, surgical treatment, and post-op-
erative outcome at three years follow-up of a rare case of primary spinal intra and extradural SFT/HPC of
thoracic spine with dumbbell shaped paravertebral intrathoracic spread and multidirectional erosion of the
bone. A 73-year-old female presented with progressive lower limbs weakness and hypoesthesia below the rib
cage. MRI showed an irregular isointense T5-T7 dumbbell shaped tumor. Tumor resection was successfully
carried out through posterior and antero-lateral approach. Histological examination showed a grade II SFT/HPC.
No local recurrence nor systemic metastases were observed at three years follow-up. A literature review has been
performed to describe epidemiology, radiographic features, treatment, recurrence rate and mean disease-free
survival of primary spinal SFTs/HPCs. No radiographic pathognomonic findings have been reported for these
tumors. Differential diagnosis must be made with meningioma, schwannoma, chordoma, aggressive he-
mangioma, metastases, angiosarcoma. Surgical resection is the first choice of treatment, and total resection
should be attempted whenever possible in all cases. Postsurgical radiotherapy does not change significantly
recurrence rate after GTR, nonetheless it increases mean disease-free survival, especially in patients with ex-
tradural SFTs/HPCs. After subtotal resection, adjuvant radiotherapy is necessary to reduce progression of dis-
ease. The efficacy of chemotherapy has yet to be determined. Pathological degree and total surgical resection are
the most important predictive factors of recurrence.

1. Introduction

The designation hemangiopericytoma was formulated by the pa-
thologists Stout AP and Murray MR [1] in 1942 to name a soft tissue
tumor apparently originating from pericytes (pericapillary cells or
pericytes of Zimmerman), with a monomorphic population of compact
polygonal or fusiform cells and a branching stromal vascular pattern
(dilated slit-like “staghorn” blood vessels surrounded by network of
reticulin fibers).

First described by Klemperer and Rabin in 1931, as localized forms
of primary neoplasms of the pleura, solitary fibrous tumors represent a
spectrum of mesenchymal tumors located throughout the body in soft
tissue and bone [2].

The 2016 WHO classification of CNS tumors (4th edition) [3]

created the merged term “solitary fibrous tumor/hemangiopericytoma”
(SFT/HPC) to define such neoplasms.

SFTs/HPCs commonly occur in the thigh, retroperitoneum, trunk,
head and neck. Mean age of diagnosis for these lesions is 40-50 years
with a slightly male sex prevalence (male-to-female ratio = 1.33:1) [4].

In the central nervous system, they constitute less than 1% of all
SFTs/HPCs, approximately 2-4% of all primary meningeal tumors and
1% of all CNS tumors [5,6].

Spinal SFTs/HPCs are extremely rare. SFTs/HPCs may occur in the
spinal canal primarily or as metastases from intracranial tumors [7,8].
Spinal SFTs/HPCs may be localized in the vertebral body (causing lytic
destruction of bone, no hyperostosis) or be more commonly adherent to
the meninges.

To date, about 185 cases of primary spinal SFTs/HPCs have been
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published by some retrospective studies and case reports.

In this study, we report an extremely rare case (currently, only 7
cases have been described previously in literature) of primary intra and
extradural SFT/HPC of thoracic spine with paravertebral intrathoracic
spread (dumbbell tumor type III HPCs according to Liu classification)
[9] and multidirectional erosion of the bone (dumbbell tumor type VI,
IF stage 2 according to Asazuma classification) [10]. We will discuss
our case with a review of the literature to describe epidemiology,
radiographic features, treatment, recurrence rate and mean disease-free
survival of primary spinal SFTs/HPCs.

2. Methods

We describe clinical and radiological presentation, surgical treat-
ment, and post-operative outcome at three years follow-up of a rare
case of primary intra and extradural dumbbell shaped SFT/HPC of
thoracic spine. A literature review using the key words, “spinal solitary
fibrous tumor/hemangiopericytoma”, “spinal SFT/HPC”, “primary
osseous hemangiopericytoma of the spine” “spinal hemangioper-
icytomas”, “primary solitary fibrous tumor of the spine”, “spinal soli-
tary fibrous tumor”, was performed using an online database search
(PubMed, Scopus, ScienceDirect, Cochrane database) and relevant case
series and case reports were identified. WHO grade was not included in
the analysis due to obvious discrepancies between past and current
WHO grading system (most studies were conducted when HPC and SFT
were treated as separate entities). To assess statistical significance, chi-
square test of association was used. Tests with two-tailed p values <
0.05 were considered statistically significant.

3. Case report

A 73-year-old female presented with progressive lower limbs
weakness and hypoesthesia, with tingling and numbness below the
seventh thoracic rib over a period of 3 months. On admission, the
neurological examination showed spastic paraparesis with segmental
weakness of grade 4-/5 Medical Research Council (MRC), and super-
ficial sensory loss below T7 dermatome without involvement of pro-
prioceptive sensitivity. The Babinski sign and pathologic tendon re-
flexes were present in both lower limbs. There were no sphincter
disorders.

Magnetic resonance imaging (MRI) of the spine and computed to-
mography scan (CT) of the chest showed at T5-T7 an irregular iso-
intense soft tissue mass with diffuse multiple spots of low signal in-
tensity on T1-weighted images, and high signal intensity on T2-
weighted images, located posterolaterally to the thecal sac, and de-
stroying the right posterior elements of T5 and T6 vertebrae (laminae,
facet joints). On the right side, the tumor occupied the epidural space,
and caused erosion of the transverse process, of the posterior arch of the
right 5th rib, the pedicle and posterior body of T5 vertebra, extending
as a well-circumscribed voluminous mass through the T5-T6 and T6-T7
neural foramens into paravertebral intrathoracic area (dumbbell shaped
tumor). Gadolinium-enhanced MRI showed a heterogeneous enhance-
ment with likely intradural component (Fig. 1).

On the basis of the morphological data, en-bloc resection was not
feasible. The tumor was removed by gross total resection via two sur-
gical stages: the first stage by a posterior approach, and a second stage
by an antero-lateral approach. The posterior approach consisted in
gross total resection of T5-T6 posterior arches. No extraosseous soft
tissue extension of tumor was detected. The tumor was mainly localized
in extradural space. No neoplastic dural erosion nor invasion was ob-
served. Intradural spread of tumor occurred through right T5 and T6
nerve roots, mimicking schwannomas (Fig. 2).

Postero-lateral extradural portion of the tumor was sectioned and
removed. Involved T5 and T6 right nerve roots were identified and cut.
Next, the dura mater was opened with a linear longitudinal incision to
provide satisfactory visualization and subsequent removal of the
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intradural extension of the tumor mass. A further transverse incision
was made along the course of the involved nerve roots to remove the
intraneural portion of tumor.

Neoplastic bone involvement of the right transverse process, pedicle
and posterior body of T5 vertebra was detected. The posterior cortex of
the vertebral body and pedicle was displaced and eroded but not de-
stroyed. In summary, the first posterior surgical step included gross
total resection of T5-T6 posterior arches, right pedicle and posterior
body of T5 vertebra, intra and extradural tumor, section of the nerve
roots involved by the tumor thereby achieving the release of the dura
from the paravertebral tumor portion.

The antero-lateral surgical stage was then performed via antero-
lateral transthoracic transpleural approach. This surgical step included
en-bloc resection of paravertebral intrathoracic mass; no pleural in-
volvement was present; bone involvement was present at the posterior
arch of the right 5th rib.

After surgery, significant immediate neurological improvement was
observed. Post-operative MRI revealed complete tumor resection
(Fig. 3).

Histological examination showed a grade II SFT/HPC (Fig. 4.). The
patient underwent radiotherapy of the thoracic area (total dose of
46 Gy). No local recurrence nor systemic metastases were observed at
three Years follow-up (Fig. 5).

4. Result

Our statistical analysis of clinical cases reported in the literature
showed that 32% of SFTs/HPCs were located in cervical spine, 1.6% in
cervicothoracic, 43.5% in thoracic, 3.2% in thoracolumbar, 17.2% in
lumbar, an 2% in sacral spine (Table 1).

Twenty-three (12.4%) were vertebral, 73 (39.4%) extradural, 57
(30.8%) intradural extramedullary, 22 (11.8%) intradural in-
tramedullary, 11 (5.9%) intra-extradural, 8 (4.3%) of them with para-
vertebral spread.

Thirty-nine patients were not included in our statistical analysis due
to the lack of recurrence-related data. The overall recurrence rate was
37.5% (55/147 patients) with a mean recurrence-free survival of
5.2 years (standard deviation [SD] 3.9; range 0.7-25), regardless of the
treatment modality. The recurrence rate was significantly lower in
patients who underwent total resection (TES and GTR = RT) (28%,
p < 0.01) compared to subtotal resection (STR = RT) (69,7%,
p < 0.01). With regard to the treatment modality, no statistical dif-
ferences in recurrence rate and mean disease-free survival were ob-
served in cases of GTR (25.3%) vs GTR + RT (34%) (P > 0.05,
P = 0.447).

Progression of disease was observed in all patients who underwent
to STR. Statistically significant difference in recurrence rate (progres-
sion of disease) was detected in patients who underwent STR (100%)
when compared with those undergoing subtotal resection plus RT
(56.5%) (P < 0.05, P = 0.0170). However, even in these patients,
adjuvant radiotherapy did not increase mean disease-free survival
(P > 0.05; P = 0,0614); mean recurrence-free survival was 2.1 years
after STR (SD 1.2; range 0.7-5) vs 7.3 years after STR + RT (SD 7.6;
range 1.33-25).

No recurrence was observed in all cases of intradural intramedullary
SFTs/HPCs who underwent GTR. Overall recurrence rate in these pa-
tients was 18% (all patient underwent to STR).

In cases of intradural extramedullary tumors the recurrence rate was
44%. In these patients, statistically significant difference was observed
in recurrence rate if patient underwent GTR + RT (38,7%) compared
to STR + RT (85.7%) (P < 0.05; P = 0.0194). Post GTR radiotherapy
does not reduce recurrence rate (P > 0.05, P = 0.7906) and does not
change significantly mean disease-free survival (5.2 years after GTR [SD
4.9, range 1.83-18] vs 4.7 years after GTR + RT [SD 0.92, range 4-6];
P 0.6923).

Recurrence rate was 38,4% in patients with extradural SFTs/HPCs.
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Fig. 1. Pre-operative MRI and CT scan.

No statistical difference in recurrence rate was observed in cases who survival (1.5years after GTR [SD 0.98, range 1-3] vs 6years after
underwent GTR = RT (34.3%) vs STR * RT (57%) (P > 0.05; GTR + RT [SD 2.02, range 4.5-10]; P 0.0033).

P = 0.2620). In these patients, post GTR radiotherapy did not reduce Insufficient data are available about the benefit of adjuvant radio-
recurrence (P > 0.05, P = 0.2159), but increased mean disease-free therapy concerning recurrence rate and mean disease-free survival after

Fig. 2. Schematic picture of intra/extradural and paravertebral dumbbell shaped SFT/HPC.
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Fig. 4. Histopathological appearance: A. Haematoxylin and eosin (H&E) stain. B. Positive Vimentine stain. C. Positive CD34 stain.

STR both for intradural extramedullary and extradural SFTs/HPCs (the
sample size is too small to allow a reliable calculation both of the t
statistic and chi-square tests).

Recurrence rate was 43.4% in patients with vertebral SFTs/HPCs,
with significantly better prognosis in recurrence rate (P = 0,0251) in
cases of total resection, especially TES, in comparison with those of
subtotal resection. Mean recurrence-free survival in patients under-
going total resection (TES + GTR = RT) was 3,84 (SD 1.97; range
1.91-6.08) years. Conversely, patients with a subtotal resection had a
mean recurrence-free survival time of 2 (SD 1.59; range 1-4.41) years.

Insufficient data are available about the benefit of adjuvant radio-
therapy.

Recurrence rate of 50% was observed in patients with intra/extra-
dural and paravertebral SFTs/HPCs who underwent GTR with a mean
of recurrence-free survival of 11 years (SD 2; range 9-12.8). Conversely,
all patients with a subtotal resection had a progression of disease at
10 years (SD 8.37; range 4-22) of median of follow-up. Insufficient data
are available about the benefit of adjuvant radiotherapy.



V. Fiorenza, et al.

Interdisciplinary Neurosurgery 21 (2020) 100746

Fig. 5. Postoperative follow-up MRI at 3 years.

5. Discussion

For about ten years, soft tissue pathologists have classified he-
mangiopericytoma as neoplasm in the spectrum of solitary fibrous tu-
mors (an ubiquitous mesenchymal neoplasm of probable fibroblastic
type). Conversely, neuropathologists have maintained the term he-
mangiopericytoma, since the clinical and pathologic manifestations of
solitary fibrous tumors and hemangiopericytomas are quite different.
Indeed, in the central nervous system, HPCs are locally aggressive,
malignant neoplasms with a high rate of local recurrence, propensity to
leptomeningeal spread and distant extraneural delayed metastases. The
most common sites for metastases are the lungs and bone [11]. The
probability of local recurrence is about 65% and 90% respectively at 5
and 12 years. The probability of extraneural metastases is about 80% at
12years [12]. On the other hand, most peripheral soft tissue tumors
have a benign clinicopathologic course and are treated by gross total
resection.

The 2016 WHO classification of CNS tumors (4th edition) [3] cre-
ated the merged term solitary fibrous tumor/hemangiopericytoma to
define such neoplasms, both because hemangiopericytomas present

histological features similar to the “cellular” variant of solitary fibrous
tumor [13], and because they share the same molecular genetic profile
with solitary fibrous tumors: NAB2 and STAT6 genes fusion, generated
by genomic inversion of 12q13 locus, which leads to STAT6 nuclear
expression able to be detected by immunohistochemistry techniques
[14,15]. As a result, systemically the term hemangiopericytoma is no
longer routinely used. The meningeal hemangiopericytoma and solitary
fibrous tumor of the dura are considered as one entity [3].

WHO CNS classification has assigned three grades of malignancy
scale to the new entity of SFT/HPC: grade I corresponds to fibrous
variant of solitary fibrous tumor (highly collagenous, relatively low
cellularity, spindle cell lesion); grade II corresponds to the cellular
variant (less collagenous, round/ovoid cells and “staghorn” vascu-
lature) that have been previously diagnosed as meningeal hemangio-
pericytoma; grade III shows = 5 mitoses per 10 high-power fields (it
corresponds to anaplastic hemangiopericytoma according to the pre-
vious classification) [3].

The neoplasm appears grossly a solid, well-demarcated mass, and it
tends to bleed during removal.

No radiographic pathognomonic findings have been reported for
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Table 1

Review of the clinical features of personal and literature cases.

Interdisciplinary Neurosurgery 21 (2020) 100746

Article Cases Level Location Treatment Recurrence Follow-up; Recurrence-Free
Survival (y)
Schirger (1958) [27] 1 T2 Extradural GTR YES 1
Kruse (1961) [28] 1 C3 Intradural extramedullary GTR + RT YES
Pitlyk (1965) [29] 3 C3 Intradural extramedullary GTR YES 18
Cc4 Intradural extramedullary GTR YES 2
T8 Intradural extramedullary GTR NO 10
Kriss (1968) [30] 1 C6-7 Extradural GTR + RT NO 0.75
Fathie (1970) [31] 1 T6 Extradural GTR N/K N/K
Gerner (1974) [32] 1 L5 Extradural GTR + RT N/K N/K
McMaster (1975) [33] 5 T1-2 Extradural N/K N/K N/K
T6-7 Extradural N/K N/K N/K
T10 Extradural N/K N/K N/K
T11 Extradural N/K N/K N/K
S1 Extradural N/K N/K N/K
Harris (1978) [34] 2 C2-6 Extradural STR + RT NO 5
L2 Extradural STR + RT NO 4
Stern (1980) [35] 1 Cc6 Extradural GTR NO 1
Cappabianca (1981) [36] 2 C5 Extradural GTR NO 2
Cc6 Extradural STR + RT NO 0.1
Muraszko (1982) [37] 4 T11 Extradural GTR + RT YES 6
T12 Extradural GTR + RT N/K N/K
T12-L2 Extradural GTR + RT N/K N/K
L3-4 Intra/extradural GTR YES 12
Ciappetta (1985) [38] 2 C4 Intradural extramedullary GTR YES 7
C6 Extradural STR + RT NO 2
Bridges (1988) [39] 1 S1 Extradural GTR + RT NO 0.75
Salvati (1991) [40] 1 L1-3 Extradural GTR + RT NO 10
Carneiro (1996) [41] 1 L1 Intradural intramedullary STR YES 5
Alston (1997) [42] 1 T4-5 Intradural intramedullary GTR N/K N/K
Malek (1997) [43] 1 T7-8 Intradural extramedullary GTR N/K N/K
Brumori (1999) [44] 1 T12-L1 Extradural GTR NO 0.3
Kanahara (1999) [45] 1 C6-7 Intradural extramedullary GTR N/K N/K
Kataoka (1999) [46] 1 C4-5 Intra/extradural/paravertebral (dumbbell) GTR N/K N/K
Vorster (2000) [47] 1 T2-3 Intradural extramedullary GTR NO 0.58
Mordani (2000) [48] 1 C5 Intradural intramedullary GTR NO 1.5
Ackerman (2001) [49] 1 T10 Intradural extramedullary GTR N/K N/K
Kurtkaya (2001) [50] 1 T3 Intradural extramedullary GTR NO 1
Akhaddar (2002) [51] 1 T4-6 Extradural GTR + RT NO 3
Betchen (2002) [52] 1 L4 Intradural extramedullary GTR NO 0.5
Tjiri (2002) [53] 1 L1-2 Extradural GTR NO 2
Endo (2003) [54] 1 C2-4 Extradural (dumbbell) GTR N/K N/K
Bohinski (2004) [55] 1 C4 Intradural intramedullary GTR NO 0.83
Pizzolitto (2004) [56] 2 T7-8 Intradural extramedullary GTR NO 1.5
C3-5 Intradural intramedullary GTR NO 1
Piana (2004) [57] 1 L1-2 Extradural GTR N/K N/K
Mohammadianpanah (2004) [26] 1 T2 Extradural STR + RT + CT N/K N/K
Jallo (2005) [58] 4 C6-7 Intradural intramedullary GTR NO 3.5
T5-6 Intradural intramedullary GTR NO 1.6
T2-3 Intradural extramedullary GTR NO 5
T5 Intradural extramedullary GTR NO 4.8
Kashiwazaki (2007) [59] 1 T4-6 Intradural extramedullary GTR NO 3
Kumar (2007) [60] 1 T4-5 Extradural STR + RT NO 0.75
Zhao (2007) [61] 23 10 Cervical Intradural extramedullary GTR YES Mean 4.7
9 Thoracic Intradural extramedullary GTR NO
3 Lumbar Intradural extramedullary GTR NO
1 Sacral Intradural extramedullary GTR + RT YES
19 Extradural (73% recurrence) 3 GTR N/K
2 GTR + RT N/K
10 STR N/K
4 STR + RT N/K
Chou (2009) [62] 1 T10 Intradural extramedullary GTR NO 3
Fitzpatrick (2009) [4] 1 L4-5 Intradural extramedullary GTR + RT NO N/K
Kakimaru (2009) [63] 1 T8-10 Extradural paravertebral GTR NO 3
Ciappetta (2010) [64] 1 T6-7 Intradural intramedullary GTR NO 2
Ishii (2009) [65] 1 C5 Intradural intramedullary GTR NO 0.83
Fargen (2011) [66] 1 C2-3 Intradural intramedullary GTR NO 2
Moscovici (2011) [67] 1 T9-10 Intradural extramedullary GTR NO 2
Ackerman (2011) [49] 1 T10 Intradural extramedullary GTR NO N/K
Santillan (2011) [68] 1 Cc2 Extradural GTR + RT N/K 0.25
Brigui (2012) [69] 2 T6-7 Intradural extramedullary GTR NO 2.41
T7-8 Extradural paravertebral GTR YES 1
Mariniello (2012) [70] 2 C4-7 Intradural extramedullary GTR NO 1
T6-7 Intradural intramedullary GTR NO 1
Torigoe (2012) [71] 1 T6-7 Intradural extramedullary GTR YES 5

(continued on next page)
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Table 1 (continued)
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Article Cases Level Location Treatment Recurrence Follow-up; Recurrence-Free
Survival (y)
Nakashima (2013) [72] 1 C3-4 Intra/extradural GTR YES 9
Shirzadi (2013) [25] 3 CO0-C3 Intradural extramedullary GTR YES 3
CO0-C4 Intradural extramedullary GTR NO 3
T9-10 Intradural extramedullary GTR + RT NO 3
Drazin (2013) [73] 1 C0-C4 Intradural extramedullary GTR + RT NO 5
Lee (2013) [74] 1 C1-2 Intradural extramedullary GTR NO 2
Liu (2013) [9] 26 L3-4 Intradural extramedullary GTR + RT NO 2.8
Cc2-7 Extradural STR + RT YES 1.6
L3-S2 Intradural extramedullary GTR + RT NO 3
C2-3 Intradural extramedullary GTR + CT YES 6
T3-5 Intra/extradural/paravertebral GTR + RT YES 12.8
T11-L2 Extradural GTR + RT YES 5.4
L1-5 Intradural extramedullary STR YES 0.7
C2-4 Intra/extradural/paravertebral STR + RT YES 10.8
T5-6 Intradural intramedullary GTR + RT NO 6.7
L2 Intra/extradural/paravertebral STR + RT YES 4
C5-7 Intradural intramedullary GTR + RT NO 1.8
C2-3 Extradural GTR + RT YES 4.6
C5-6 Extradural GTR + RT YES 6
Cl-4 Extradural STR + RT NO 2.1
T9-10 Intra/extradural/paravertebral STR + RT YES 22
L1-2 Intradural extramedullary STR + RT YES 12.8
L5-S1 Intra/extradural/paravertebral STR + RT YES 4.5
T12-L1 Extradural STR + RT YES 2.8
T5-6 Extradural GTR + RT NO 2.5
Cc2-3 Intradural extramedullary STR + RT YES 4.8
T5-7 Intradural extramedullary STR + RT + CT YES 25
C7-T1 Extradural GTR + RT YES 4.5
L1-2 Extradural STR + RT YES 2
C1-2 Extradural GTR + RT YES 10
T11-12 Intra/extradural/paravertebral GTR + RT NO 5.5
T12-L1 Intradural extramedullary GTR + RT YES 6
Zhang (2014) [75] 1 C6-T2 Extradural GTR NO 1
Raghvendra (2014) [76] 1 C3 Extradural GTR + RT NO 1
Jayashankar (2014) [77] 1 T5-6 Extradural GTR YES N/K
Kaur (2014) [78] 1 T9 Intradural extramedullary GTR + RT NO 5
Robert (2014) [79] 1 T9-10 Intradural intramedullary GTR NO 0.5
Bruder (2015) [55] 1 T8-9 Intradural intramedullary GTR N/K N/K
Lavrador (2015) [80] 1 T11-12 Extradural paravertebral (dumbbell) GTR NO 0.5
Tiirk (2015) [81] 2 C1-2 Intradural extramedullary GTR NO N/K
T9-10 Intradural extramedullary GTR NO N/K
Das (2015) [82] 5 C4-5 Intradural extramedullary GTR + RT + CT NO 2
T7-9 Intra/extradural GTR NO 1
T8-10 Intradural intramedullary STR + RT + CT NO 2
T11-L1 Intradural extramedullary GTR + RT NO 0.75
C5-6 Extradural STR + RT + CT YES 5
Chew (2017) [83] 1 T9 Intradural extramedullary GTR NO 1
Li (2017) [17] 1 T6-7 Extradural GTR NO 1
Yi (2017) [16] 11 L5 Vertebral (extradural) GTR NO 2.8
L3 Extradural paravertebral GTR NO 5.8
T12 Vertebral (extradural) GTR NO 5.75
C2-3 Extradural (dumbbell) GTR NO 5.6
L5 Extradural GTR NO 5.1
T11 Vertebral (extradural) GTR YES 0.8
L4-5 Extradural (dumbbell) GTR NO 4.25
T11-12 Extradural paravertebral STR + RT NO 1.6
T4-S1 Intradural extramedullary (multiple) GTR N/K N/K
C2-4 Extradural (dumbbell) GTR YES 1.08
T2-3 Extradural GTR NO 3
Wang H (2018) [84] 1 T7-8 Intradural extramedullary GTR + RT NO 4
Jia (2018) [18] 20 C7-T1 Vertebral (extradural) TES + RT NO 7.75
T5-6 Vertebral (extradural) TES YES 6.08
T7 Vertebral (extradural) GTR YES 5.83
T2 Vertebral (extraosseous soft tissues) GTR + RT YES 2.3
L3 Vertebral (extraosseous soft tissues) TES NO 2.75
L1 Vertebral (extradural and extraosseous soft GTR + RT YES 1.91
tissues)
T7-9 Vertebral (extradural) STR + RT YES 4.41
T8 Vertebral (extraosseous soft tissues) TES + RT NO 3.41
C5-6 Vertebral (extraosseous soft tissues) GTR + RT YES 3.08
C4-5 Vertebral (extradural and extraosseous soft GTR + RT NO 1
tissues)
C5-7 Vertebral (extradural) GTR + RT NO 0.91

(continued on next page)
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Article Cases Level Location Treatment Recurrence Follow-up; Recurrence-Free
Survival (y)
C5-6 Vertebral (extradural and extraosseous soft STR + RT NO 0.58
tissues)
Cc2 Vertebral (extraosseous soft tissues) STR + RT YES 1.33
T9 Vertebral (extradural and extraosseous soft GTR + RT NO 2
tissues)
T1 Vertebral (extradural and extraosseous soft STR + RT YES 1.41
tissues)
S1-3 Vertebral (extradural and extraosseous soft GTR + RT NO 3
tissues)
L1-2 Vertebral (extradural) GTR NO 2.33
L5-S2 Vertebral (extradural and extraosseous soft GTR + RT NO 1.66
tissues)
T4 Vertebral (extradural and extraosseous soft STR YES 1
tissues)
L2 Vertebral (extradural) TES NO 2.83
Wang J (2019) [24] 16 T5-6 Intradural intramedullary STR YES 2.1
C5-7 Intradural extramedullary STR YES 2.9
T3-4 Intradural extramedullary GTR + RT NO 8
L2-3 Intradural intramedullary STR YES 2.08
T8 Intradural extramedullary GTR + RT YES 4.08
L1 Intradural intramedullary GTR + RT NO 6.83
C4-6 Intradural extramedullary STR YES 2.6
T9-10 Intradural intramedullary STR YES 1.75
C5-6 Intradural intramedullary GTR + RT NO 6.3
T9 Intradural extramedullary GTR + RT NO 5.8
T3-4 Intradural extramedullary GTR NO 5.58
T6 Intradural extramedullary GTR YES 1.83
L3-5 Intradural intramedullary STR YES 1.58
T11-12 Intradural extramedullary STR + RT NO 3.5
T4 Intradural extramedullary GTR NO 291
C6-7 Intradural extramedullary GTR NO 2
Zhang (2019) [85] 1 L4 Extradural (dumbbell) GTR YES 3
Present case 1 T5-7 Intra/extradural/paravertebral GTR + RT NO 3
Total 186 Level Location Treatment Recurrence /Progression
60 Cervical 23 Vertebral 3 TES YES 1, NO 2 -
3 Cervicothoracic 73 Extradural 2 TES + RT -, NO 2 -
81 Thoracic 57 Intradural extramedullary 79 GTR YES 16, NO 50, N/K 13
6 Thoracolumbar 22 Intradural intramedullary 47 GTR + RT YES 14, NO 27, N/K 6
32 Lumbar 11 Intra/extradural (8 paravertebral) 1GTR+RT+CT -, NOI1, -
4 Sacral 1 GTR + CT YES 1, - -
19 STR YES 9, N/K 10 —
25 STR + RT YES 12, NO, 9, N/K 4
4STR+RT+CT YES2,NO1,N/K1
5N/K

CT: chemotherapy, GTR: gross total resection, N/K: not known, RT: radiation treatment, STR: subtotal resection, TES: total en-bloc spondylectomy.

Table 2

Differential diagnosis based on radiographic and pathological features.

Differential diagnosis

Radiographic and pathological features

SFTs/HPCs

Meningioma

Schwannoma

Chordoma and Other Primary Bone
Malignancies

Aggressive Hemangioma

Hematogenous metastases

Angiosarcoma

Usually isointense with spinal cord and display prominent vascular flow voids on T1 and T2-weighted MRI. Heterogeneous
enhancement on T1-weighted gadolinium-enhanced images. Narrow-based dural attachment.

Usually well circumscribed, nonerosive, calcification helpful clue, common in women, thoracic spine. Homogeneous
enhancement on T1-weighted gadolinium-enhanced images. Broad based dural attachment.

Avidly enhancing mass in spinal canal, neural foramen; Hyperintense on T2WI; Bony remodeling, foraminal enlargement, or
vertebral scalloping

Destructive process centered in bone; Chordoma most commonly seen in sacrum, sinus; Extraosseous/epidural soft tissue mass.

Thickened vertical trabecula with in area of circumscribed osteolysis; avid enhancement; associated epidural or paravertebral
soft tissue mass

Renal cell, thyroid carcinoma. Usually centered in cancellous bone, posterior vertebral body commonly involved; if dural-
based, quite focal

Very rarely in spine. More haphazard boundaries

this tumor. It often mimics spinal meningioma or schwannoma but
presents more bone erosion and blood supply. Differential diagnosis
must be made with meningioma, schwannoma, chordoma and other
primary bone malignancies, aggressive hemangioma, metastases, an-
giosarcoma (Table 2). The presence of serpentine vascular flow voids on
Tl and T2 weighted images, a dural tail sign with narrow base

attachment, the absence of calcifications, and adjacent bony erosion on
preoperative MRI may point to SFT/HPC [16].

Spinal SFTs/HPCs can be divided in to 4 types: vertebral (osseous),
paravertebral, spinal canal (extradural, intradural extramedullary, in-
tradural intramedullary), and mixed, according to the location of the
maximal diameter of the tumor [16]. Extradural spinal SFTs/HPCs can
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be further classified as being based on either dura, nerve or bone [17].
Anatomically, the spinal cord, leptomeninges, dura, nerve roots, or li-
gaments around the spine may represent the potential site of origin of
SFTs/HPCs.

Surgical resection is the first choice of treatment in all cases.
Surgical treatment plays a crucial role in the management of spinal
(meningeal and osseous) SFTs/HPCs, and total resection should be at-
tempted whenever possible [18,19].

It is important to distinguish SFT/HPC of the spinal meninges from
SFT/HPC of the osseous spine. Clinical and pathological manifestations
of intraspinal meningeal SFTs/HPCs are different from primary osseous
spinal SFTs/HPCs. Vertebral (osseous) SFTs/HPCs must be considered
as primary bone tumors of the spine.

Surgical planning of osseous vertebral SFTs/HPCs must be based
according to Weinstein-Boriani-Biagini (WBB) surgical staging system
[20].

Surgical treatment of spinal osseous (vertebral) SFTs/HPCs (WBB
staging A-E), includes total en-bloc spondylectomy (TES), piecemeal
total spondylectomy, and subtotal resection. TES should be the first
surgical treatment whenever possible [18,21-23]. Other investigators
reported that piecemeal total resection with post-operative radio-
therapy was sufficient for spinal grade II SFTs/HPCs because of its slow
and non-aggressive course [6,22]. Piecemeal total resection showed
better prognosis than subtotal resection (subtotal resection led to high
rate of tumor recurrence). According to the case series reported by Jia
Q. et al. [18], in patients who underwent piecemeal total resection the
local recurrence rate was as high as 60% for grade III and 40% for grade
IT spinal osseous SFTs/HPCs. TES showed local recurrence rate as high
as 20% at 6 years of follow-up. No statistical difference in recurrence
rate was observed in the cases who underwent adjuvant radiotherapy.
However, radiotherapy should be regarded as a beneficial supplement
after removal of spinal osseous SFTs/HPCs and, to date, it is re-
commended to lower the recurrent rate [18]. Chemotherapy was in-
effective in the treatment of spinal osseous SFTs/HPCs. WHO grade III
is an adverse prognostic factor for both recurrence and survival
[18,21,23]. Careful preoperative planning and the choice of the proper
surgical procedure, prevent spinal cord injury, spinal instability, vas-
cular hemorrhagic complications and, if appropriate, they further re-
duce recurrences.

In our opinion, in cases of spinal canal (extradural, intradural ex-
tramedullary, intradural intramedullary), and paravertebral (dumbbell)
SFTs/HPCs, surgical planning must be based according to Liu [9] and
Asazuma [10] classification.

Liu H. et al. [9], divided spinal canal HPCs into 3 types and 5
subtypes: type I, extradural (IA, intracanal type; IB, intra- and extra-
canal type); type II, intradural (IIA, extramedullary type; IIB, intra-
medullary invasion type); type III, intra- to extradural and para-
vertebral type.

Type III HPCs develop an “hourglass” shape and may look like the
most common dumbbell spinal schwannomas. Asazuma et al. [10] have
developed a classification system based on a three-dimensional mor-
phology for dumbbell tumors according to they are distinguished on the
basis of anatomic relationships with surrounding structures. Type I
tumors are located only in the spinal canal with intradural and extra-
dural growth patterns. Type II are epidural tumors and include three
subtypes: a (foraminal), b (paravertebral), and c (foraminal and para-
vertebral), distinguished according to the degree of extraforaminal
spread. Type III includes intra/extradural tumors with foraminal (IIla)
and paravertebral spread (IIIb). Type IV tumors are extradural and in-
travertebral, invading only the vertebral body. Type V lesions are ex-
tradural with laminar invasion and extralaminar spread. Type VI tu-
mors show multidirectional erosion of the bone. Additional
classification indicates the degree of craniocaudal tumor invasion re-
lated to the number of intervertebral foramens (i.e. IF 2: tumors involve
two intervertebral foramens) (Table 3).

Surgical treatment for spinal meningeal SFTs/HPCs is similar to
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Table 3
Comparison between Liu spinal HPCs classification and Asazuma dumbbell
tumors classification.

Liu classification Asazuma classification

Ia: Intracanal

Ib: intra/
extracanal

ITa: extramedullary
IIb: intramedullary

Type I: extradural Type L intra/
extradural
intracanal

Type II: epidural  IIa: foraminal

IIb: paravertebral
Ilc: foraminal/
paravertebral

Type III: intra/ Illa: foraminal
extradural IIIb: paravertebral
Type IV: extradural, intravertebral (only
vertebral body)

Type V: extradural, extralaminar

Type VI: multidirectional erosion of the
bone

Type II: intradural

Type III: intra/extradural and
paravertebral

meningiomas and schwannomas and en-bloc resection or surgical gross
total resection (GTR), when feasible, is sufficient in cases of grade I
SFTs/HPCs. Gross total resection with postoperative radiotherapy is the
recommended treatment for spinal grade II-III SFTs/HPCs. WHO grade
III is a predictive factor for recurrence [6,22,24].

Decreased survival has been associated with increased mitoses (5 or
more mitotic figures/10 high-power fields), high cellularity, nuclear
pleomorphism, hemorrhage, and necrosis (grade III SFT/HPCs). In
these cases, surgical removal plus adjuvant radiotherapy is the pre-
ferred treatment (local tumor control is obtained more often with
radiotherapy than surgery alone), despite there is no consistent benefit
of radiotherapy concerning overall survival [9,25]. Radiotherapy and/
or chemotherapy are indicated for unresectable tumors. Chemotherapy
is also used for the treatment of metastatic disease [24-26]. However,
chemotherapy has proved to be of little benefit [24]. Prognosis of grade
IIT SFTs/HPCs is better than for anaplastic meningiomas but it is still
unfavorable in the long term.

Our statistical analysis demonstrates that better prognosis was ob-
served in patients with intradural intramedullary SFTs/HPCs who un-
derwent GTR.

Overall, there was no statistically significant increase in disease-free
survival among patients undergoing GTR plus adjuvant radiotherapy
when compared with those undergoing gross total resection alone.
Adjuvant radiotherapy after STR, significantly reduce progression of
disease (calculating all cases, regardless of tumor location). Indeed,
insufficient data are available about the benefit of adjuvant radio-
therapy concerning recurrence rate and mean disease-free survival after
STR, both for intradural extramedullary and extradural SFTs/HPCs (the
sample size is too small to allow a reliable calculation both of the t
statistic and chi-square tests).

Most patients (87%) with intradural extramedullary SFTs/HPCs
were treated with GTR. Recurrence rate of 85.7% after STR ( = RT),
indicates that radical excision should be attempted whenever possible.
Adjuvant radiotherapy after GTR does not reduce recurrence rate nor it
changes significantly mean disease-free survival.

In cases of extradural SFTs/HPCs, no statistical difference in re-
currence rate was observed among patients undergoing GTR + RT
versus STR = RT (P > 0.05; P = 0.2620). Unlike intradural extra-
medullary tumors, adjuvant radiotherapy in patient with extradural
SFTs/HPCs who underwent GTR increased mean disease-free survival,
although it did not reduce recurrence rate.

A remarkably higher recurrence rate (51.5%) was observed in pa-
tients with vertebral (osseous) and intra/extradural/paravertebral
SFTs/HPCs. The reason may be that en-bloc resection was not often
feasible and piecemeal total resection is associated with the possibility
of tumor cell contamination in the surgical field.

To date, all existing literature on primary spinal SFT/HPC is based
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on retrospective studies. Given these limitations, it is not possible to
make recommendations on the optimal management of primary spinal
SFT/HPC. Randomized and prospective clinical trials are sorely needed,
even if they are difficult to be conducted given the rarity of this disease.

6. Conclusion

Primary spinal SFTs/HPCs are extremely rare tumors with the ten-
dency to recur. Multiple aspects should be taken into consideration in
the diagnosis and treatment of these tumors. Successful treatment relies
on careful preoperative planning, and on the choice of proper surgical
procedure to prevent spinal cord injury, spinal instability and vascular
hemorrhagic complications. Surgical treatment plays a crucial role in
the management of spinal SFTs/HPCs and complete tumor resection
should be attempted whenever possible.

Postsurgical radiotherapy does not reduce significantly recurrence
rate after complete tumor resection, although it increases mean disease-
free survival, especially in patients with extradural SFTs/HPCs.

Adjuvant radiotherapy is required after subtotal resection to reduce
progression of disease.

Pathologic grade and total resection are the strong predictor factors
for recurrence of these uncommon neoplasms. Regular and long-term
follow-up is mandatory to monitor tumor recurrence.
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