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Purpose: Primary sporadic intradural malignant peripheral nerve sheath tumor (MPNST)
in the spinal canal is a type of rare neoplasm with challenging diagnosis and therapy. The
overall prognosis of this tumor is markedly different from that of the usual spinal intradural
tumors. The purpose of this systematic review is to reduce the misdiagnosis and enhance
the prognosis of the disease by reviewing the literature.

Methods: PubMed, Medline, and Embase databases were searched for articles in
English language published from 1980 to May 2021, yielding 500 potentially relevant
articles. The keywords were as follows: “spinal”, “malignant peripheral nerve sheath
tumor”, “neurosarcoma”, “malignant schwannoma”, and “malignant neurofibroma”.
Thirteen papers met the eligibility criteria, including 55 cases with spinal intradural
primary sporadic MPNSTs, which were confirmed by post-operation pathology. We
further analyzed the clinical manifestations, radiological manifestations, pathological
features, comprehensive treatment strategies, and prognosis.

Results: Fifty-five spinal intradural primary sporadic MPNSTs from 30 (54.5%) male and
25 (45.5%) female patients with an average age at diagnosis of 40 years (range, 3–70
years) were included in the study. The most common clinical manifestations were local or
radicular pain and motor disturbance. All tumors had significant enhancement and
heterogeneous enhancement was more common. Out of 18 lesions, 14 were
diagnosed as high grade and the remaining 4 were diagnosed as low grade. The ki-67
labeling index ranged from 5% to 60%. The median recurrence and survival time were 36
and 72 months, respectively. The log-rank tests indicated that significant predictors of OS
were patient age (≤30 vs. >30 years) at the time of diagnosis and the presence of
metastatic disease, and similar analyses for RFS demonstrated that the presence of
metastatic disease was the only significant predictor (60 vs. 10 months). The multivariate
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Cox proportional hazards regression analysis revealed that absence of metastasis was an
independent factor for predicting a favorable prognosis.

Conclusions: Spinal intradural primary sporadic MPNSTs are challenging malignant
tumors without a systematic treatment plan. The factors affecting its prognosis are not
clear. Even after surgical treatment and adjuvant treatment, the recurrence rate and
mortality rate are still high. Clinicians should be alert to the possibility of this disease and
achieve early detection and treatment.
Keywords: malignant peripheral nerve sheath tumor, intradural, spinal, diagnosis, treatment, prognosis
INTRODUCTION

Malignant peripheral nerve sheath tumor (MPNST) is a highly
malignant soft tissue tumor originated from mesenchymal cells
and mainly distributed in the trunk, limbs, head and neck, and
other areas of peripheral nerve distribution. MPNST (1 case in
ten million) is an unusual disease and represents 2% to 4% of all
soft tissue sarcomas and 23% to 51% of these tumors were
associated with neurofibromatosis type 1 (NF1) (1). Spinal
MPNSTs accounted for 2%–3% of all MPNSTs (2). Primary
sporadic intradural MPNST in the spinal canal is even more
exceptional, and it is easy to be misdiagnosed as central nervous
system tumors or other types of soft tissue sarcomas. En bloc
resection with a wide margin with adjuvant radiotherapy is
considered as the first line for the therapy of non-spinal
MPNSTs, and the implementation of this strategy is significant
but not easy in the management of intradural MPNSTs. Research
on the benefit of adjuvant chemotherapy is limited. In addition,
compared to the usual spinal intradural tumors, overall
prognosis of this tumor is distinctly different. We summarized
55 cases in the previous literature and analyzed their
pathogenesis, clinical characteristics, imaging manifestations,
differential diagnosis, surgical interventions, and pathological
features to reduce the misdiagnosis and enhance the prognosis.
MATERIALS AND METHODS

Literature Search
We searched the PubMed, Medline, and Embase databases for
spinal MPNST-related articles. We have reviewed English
literature in English language published from 1980 to May
2021. Search strategy was based on the following medical
subject headings (MeSH) and keywords: “spinal”, “malignant
peripheral nerve sheath tumor”, “neurosarcoma”, “malignant
schwannoma”, and “malignant neurofibroma”. Inclusion
criteria were as follows: (i) published in English, (ii) MPNST
identified by pathological examination, (iii) some or all of the
intradural tumors, and (iv) management options including
subtotal resection, gross total resection, radiotherapy,
chemotherapy, or combined treatments. We excluded the
following three situations from our study: (i) malignant
transformation in NF1, (ii) malignant transformation of other
2

tumors like schwannoma or gangliocytoma, and (iii)
radiotherapy-induced neoplastic lesions.

Article Selection
The search yielded 500 unique articles. Two authors reviewed
each article title and abstract, and reached consensus regarding
article eligibility based on the inclusion/exclusion criteria. A total
of 13 papers including 55 cases with spinal intradural primary
sporadic MPNSTs, which were confirmed by post-operation
pathology, met all criteria and were included in the final
review (Figure 1).

Data Extraction and Analysis
We further analyzed the clinical manifestations, radiological
manifestations, pathological features, comprehensive treatment
strategies, and prognosis. Moreover, relapse-free survival (RFS)
period was defined as the time from tumor resection to tumor
relapse on imaging, and total survival period (OS) was defined as
the time from tumor resection to death. RFS and OS curves were
calculated by the Kaplan–Meier method. Log-rank test was
adopted in the single-factor analysis to assess the intergroup
differences. All variables with a significant result in the univariate
Cox proportional hazard regression analysis were included in the
following multivariate analysis. The hazard ratios (HR) and 95%
confidence intervals (CIs) were estimated to identify the
independent prognostic factors associated with RFS and OS in
patients with primary sporadic intradural MPNST. A p-value of
≤0.05 was considered statistically significant.
RESULTS

Clinical Data
Fifty-five spinal intradural primary sporadic MPNSTs [6 cervical
(10.9%), 12 thoracic (21.8%), 6 lumbar (10.9%), 2 sacral (3.6%),
and 29 unknown (52.7%)] from 30 (54.5%) male and 25 (45.5%)
female patients with an average age at diagnosis of 40 years
(range, 3–70 years) were included in the study. The maximum
diameter of the tumors ranged from 1 cm to 9 cm. The most
common clinical manifestations were local or radicular pain and
motor disturbance. The mean duration of pre-operative clinical
history was 12.6 months (range, 0.5–108 months) in 24 patients
with relevant information. On T1-weighted imaging, 9 lesions
appeared as isointense (9/16, 56.3%), and 7 lesions appeared as
July 2022 | Volume 12 | Article 911043
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hypointense (7/16, 43.8%) signals. On T2-weighted imaging, 7
lesions were isointense (7/20, 35.0%), and 13 lesions were
hypointense (13/20, 65.0%). Twenty-two cases recorded
enhanced MRI in format ion fo l lowing gadol in ium
administration: The most common shape of tumors was oval
(14/22, 63.6%), followed by irregular (4/22, 18.2%) and dumbbell
(4/22, 18.2%); 15 tumors exhibited relatively clear boundaries
(15/22, 68.2%), while 7 tumors exhibited obscure boundaries (7/
22, 31.8%). All tumors had significant enhancement and
heterogeneous enhancement was more common (11 vs. 3).
Only 3/26 cases showed bone destruction on imaging. The
demographic and clinical characteristics of these patients are
summarized in Table 1.

Pathological Features and Therapy
Immunohistochemical examinations revealed that S-100 protein
was positive in 15/17 cases, vimentin in 10/14 cases, glial
fibrillary acidic protein (GFAP) in 5/14 cases, desmin in 5/9
cases, epithelial membrane antigen (EMA) in 2/10 cases,
cytokeratin in 1/8 cases, CD34 in 5/9 cases, and anti-smooth
muscle antibody (SMA) in 5/9 cases. Based on the WHO
classification, 14/18 lesions were diagnosed as high grade and
the remaining 4 were diagnosed as low grade. The ki-67 labeling
index ranged from 5% to 60%. All patients underwent
microsurgical treatment. Eight patients received subtotal
resection (8/27, 29.6%), and 19 patients received gross total
resection (19/27, 70.4%). Thirty-three patients underwent
postoperative radiotherapy and 14 patients underwent
postoperative chemotherapy. The pathological features and
therapy of these patients are summarized in Table 2.

Follow-Up and Prognosis
The average follow-up period was 31.4 months, with a range of
0.3–120 months. During the follow-up period, 29 patients
suffered from a local recurrence (29/55, 52.7%), and 11
Frontiers in Oncology | www.frontiersin.org 3
patients experienced metastasis (11/26, 42.3%). The mean RFS
was 30.8 months. Twenty-six patients died during the study
period (26/55, 47.3%). Except for two relapse-free survivors with
a follow-up of less than 2 years, 2-year recurrence rate and 2-year
mortality rate were 43.4% (23/53) and 41.8% (22/53),
respectively. The follow-up and prognosis of these patients are
summarized in Table 3.

Statistical Analysis
The summary of patient data is shown in Table 4. The Kaplan–
Meier curves of OS and RFS are shown in Figure 2A. The
median recurrence and survival time were 36 and 72 months,
respectively. The log-rank tests indicated that age at diagnosis
(Figure 2B) and presence or absence of metastasis (Figure 2C)
were the potential risk factors for OS, and presence or absence of
metastasis (Figure 2D) was also the potential risk factor for RFS.
The patients who were older than 30 years showed better OS,
whose mean OS was 82 months, while the other patients had a
mean OS of 17.5 months. The patients without metastasis had
better OS and RFS, whose mean values were 82 months and 60
months, respectively. The mean OS and RFS of patients with
metastasis were 14 months and 10 months. The patients without
metastasis who were older than 30 years old have a better
prognosis. The age at diagnosis and presence or absence of
metastasis were included in the multivariate analysis. The
multivariate Cox proportional hazards regression analysis
revealed that absence of metastasis was an independent factor
for predicting a favorable prognosis. The statistical results are
summarized in Table 5.
DISCUSSION

MPNSTs are highly aggressive and locally invasive rare
malignancies with an incidence of 0.0001% in the general
FIGURE 1 | PRISMA flow diagram.
July 2022 | Volume 12 | Article 911043
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TABLE 1 | The demographic and clinical characteristics of these patients.

W1 T2W2 Enhancement Bone

destruction

Hyperintense Yes No

(4/8),

nse (4/8)

Isointense (3/8),

hyperintense (5/8)

Heterogeneous enhancement (5/8),

homogeneous enhancement (3/8)

Yes (1/8),

no (7/8)

Isointense Yes Yes

Isointense Heterogeneous enhancement No

NA

Hyperintense Heterogeneous enhancement Yes

nse Isointense Heterogeneous enhancement No

Hyperintense Heterogeneous enhancement No

Isointense Heterogeneous enhancement No

Yes No

Yes No

Yes No

Yes No

Yes No

NA No

NA No

NA No

nse Hyperintense Yes No

nse Hyperintense Heterogeneous enhancement No

NA No
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Study Year Nb Location Age

(years)

Gender Clinical symptoms History

(months)

Maximum

diameter (cm)

Shape Boundary of

tumor

T

Honda et al. (2) 2020 1 1 C5–C6 56 F lt UE numbness and

weakness

NA NA Dumbbell Obscure NA

Chen et al. (3) 2019 8 1 T11/12 21 M LE pain, low back pain 12 3 Oval (4/8), irregular (3/

8), dumbbell (1/8)

Clear (5/8),

obscure (3/8)

Isointens

hyperinte2 L3–S1

(cauda

equina)

29 F rt LE numbness and

weakness

6 4

3 L3–L4

(cauda

equina)

52 M low back pain 8 7.2

4 T2–L1 47 M lt LE pain and weakness 1 4.6

5 C1–C3 39 F lt UE and LE numbness and

weakness

3 6.5

6 T6–T8 68 M LE weakness 3 4.7

7 C5–C6 53 F UE pain 6 3.2

8 T11 46 M LE weakness 1 3

Bettaswamy et al. (4) 2017 1 1 T8–T9 7 M Low back pain 2 9 Dumbbell Clear Isointens

Ghailane et al. (5) 2017 1 1 T12–L1 70 M lt LE pain, low back pain 24 3.2 Dumbbell Clear Isointens

Chou et al. (6) (multicenter study

without individual information)

2017 29 29 NA 5–47

(mean

40)

M (17/29)

F(12/29)

Pain (27/29), pathological

fracture (2/29)

NA

Baharvahdat et al. (7) 2015 1 1 C1–T1 3 F Back pain, UE and LE

weakness

1 NA Oval Obscure Isointens

Thomas et al. (8) 2014 1 1* Cauda

equina

49 M Low back pain, constipation,

LE pain and weakness

0.5 NA Oval Obscure Hyperint

Li et al. (9) 2014 1 1 T12–L1 33 F Low back pain, rt LE pain 1 3.4 Oval Clear Isointens

Yone et al. (10) 2004 1 1 L3–L5

(cauda

equina)

4 M lt LE pain, low back pain NA 6 Oval Clear Isointens

Celli et al. (11) 1995 5 1 T2 52 F Pain, motor disturbance 8 1 Oval Clear NA

2 L4 (cauda

equina)

68 F Pain, motor disturbance 9 2 Oval Clear NA

3 L3 (cauda

equina)

43 M Pain 3 1 Oval Clear NA

4 T11 36 F Pain 5 3 Oval Clear NA

5 T7 30 M Pain, motor disturbance 72 3 Oval Clear NA

Seppälä et al. (12) 1993 3 1 Lumbar 13 M Low back pain 6

2 Upper

thoracic

23 F Back pain 4

3 Lower

cervical

37 F Neck pain 12

Valdueza et al. (13) 1991 2 1 T10–T12 43 F Low back pain, LE weakness 1 NA Irregular Obscure Hyperint

2* C4–C6 70 F Neck pain, rt UE pain 6 NA Oval Clear Hyperint

Thomeer et al. (14) 1981 1 1 Cauda

equina

42 M Low back pain, lt LE pain 108

NA: not available; lt: left; rt: right; UE: upper extremity; LE: lower extremity; * two relapse-free survivors with a follow-up of less than 2 years.
1
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TABLE 2 | The pathological features and therapy of these patients.

Surgery Postoperative radio-

therapy

Postoperative che-

motherapy

Dorsal standard midline

approach

STR Yes No

,

an

Dorsal standard midline

approach

GTR No Yes

GTR Yes No

GTR Yes No

STR Yes Yes

STR Yes No

GTR NA NA

STR Yes No

GTR NA NA

Posterolateral thoracotomy

approach

GTR Yes No

Dorsal standard midline

approach

GTR No No

Yes (19/29) Yes (10/29)

Dorsal standard midline

approach

STR No No

Dorsal standard midline

approach

STR No No

Dorsal standard midline

approach

STR Yes No

Dorsal standard midline

approach

GTR Yes Yes

NA GTR No No

NA GTR No No

NA GTR No No

NA GTR No No

NA GTR No No

Dorsal standard midline

approach

GTR Yes No

Dorsal standard midline

approach

GTR Yes No

Dorsal standard midline

approach

GTR Yes No

Dorsal standard midline

approach

STR Yes No

Dorsal standard midline

approach

GTR No No

Dorsal standard midline

approach

GTR Yes Yes
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Study Year Nb Grade Pathology

S-
100

Vimentin Desmin GFAP EMA Cytokeratin CD34 SMA Ki-67

Honda et al. (2) 2020 1 1 IV NA

Chen et al. (3) 2019 8 1 Low grade

(3/8)

high grade

(5/8)

+ (6/8) + (5/8) + (4/8) + (3/8) + (2/8) + (1/8) + (6/8) + (4/8) 5%–60% (low 5-10%

mean 6.8%)

(high 20%–60%, me

40%)

2

3

4

5

6

7

8

Bettaswamy et al. (4) 2017 1 1 NA

Ghailane et al. (5) 2017 1 1 IV + NA + NA

Chou et al. (6) (multicenter study without

individual information)

2017 29 29 NA

Baharvahdat et al. (7) 2015 1 1 NA + + NA _ _ NA

Thomas et al. (8) 2014 1 1* NA + + NA 7-10%

Li et al. (9) 2014 1 1 NA + + NA _ _ NA + _ NA

Yone et al. (10) 2004 1 1 NA + + NA + NA

Celli et al. (11) 1995 5 1 IV NA

2 IV NA

3 IV NA

4 IV NA

5 IV NA

Seppälä et al. (12) 1993 3 1 NA _ + NA _ NA

2 NA _ _ NA + NA

3 NA

Valdueza et al. (13) 1991 2 1 III + NA _ NA

2* III + NA + NA

Thomeer et al. (14) 1981 1 1 II NA

GTR, gross total resection; STR, subtotal resection.
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population and 3%–5% in patients with neurofibromatosis type 1
(NF1) (2). Lesions are most frequently found on the trunk,
extremities, and head and neck. There are three main forms of
histogenesis of MPNSTs (15): half of the cases are sporadic and
derive from peripheral nerves that originate from Schwann cells
or pluripotent cells of neural crest origin (sporadic type) (16);
about 50%–60%MPNSTs occur in the malignant transformation
of NF1 (NF1 type); and a few cases are radiotherapy-induced or
malignant change of schwannoma and ganglioma. Thus, primary
sporadic MPNST with an intradural occurrence of the spine
outside the setting of neurofibromatosis was extremely rare and
associated with an extremely rare diagnosis and an extremely
poor prognosis in comparison to non-spinal MPNST. In our
present research, we conducted a retrospective study to
thoroughly analyze the pathogenesis, clinical characteristics,
imaging manifestations, differential diagnosis, surgical
interventions, pathological features, and prognosis of primary
sporadic intradural MPNSTs.

We found only 55 cases of primary sporadic intradural
MPNSTs without neurofibromatosis in our search to this date
—more men than women (54.5% > 45.5%). The median age at
diagnosis was 40 years, with a range of 3–70 years. As reported in
the previous study, this kind of tumor occurred primarily in
adults, which was largely consistent with those of our research.
The disease history in our study had a median of 12.6 months,
which was much longer than that found in previous reports (3).
The thoracic spine was the most frequently affected area. Local or
radicular pain and motor disturbance were the most common
clinical symptoms, which were nonspecific and made a
challenging diagnosis. Furthermore, MPNST can masquerade
Frontiers in Oncology | www.frontiersin.org 6
as common benign nerve sheath tumors on imaging (16, 17),
which generally exhibit an isointense signal in T1-weighted
imaging and a hyperintense signal in T2-weighted imaging. In
the present investigation, there were still 43.8% of the tumors
that showed hyperintensity in T1-weighted imaging. All tumors
showed varying degrees of enhancement. Furthermore, MPNST
did not show typical invasive growth (irregularly or obscure
bordered) and destruction of surrounding osseous structures on
the radiograph. Since MPNSTs show higher metabolic activity,
18F-FDG PET/CT may be helpful for the diagnosis (18). A
tumor SUV is higher than that of normal liver tissue, which is
considered to be a sensitive and specific index of MPNST (19).
According to the authors’ experience, when the imaging findings
are benign intraspinal tumors, but the adhesion between the
tumor and the nerve is serious intraoperatively, the possibility of
MPNST should be considered. Thus, we advocate that regardless
of the clinical manifestation or imaging characteristics, surgeons
should retain a high index of suspicion for an MPSNT, especially
when excision is laborious during surgery. Spine MRI is essential
in postoperative follow-up because of the high incidence of drop
metastasis (20).

Surgical biopsy result is the gold standard and past medical
history is an important diagnostic evidence. Pathological
characteristics of spinal MPNST are high cellularity with
spindle-shaped cells, nuclear atypia, necrosis, endothelial
proliferation, and so on (7). HE staining was characterized by
“marble-like” spindle-shaped tumor cells, alternating between
dense and loose areas, and arranged in bundles or swirls (21).
There were no ganglion cells in the tumor. S-100 is a
characteristic protein of primary MPNST, but when the tumor
TABLE 3 | The follow-up and prognosis of these patients.

Study Year Nb Follow-up time (months) Recurrence Metastasis Outcome

Honda et al. (2) 2020 1 1 36 Yes No Alive
Chen et al. (3) 2019 8 1 56 Yes No Died

2 21 No Lung Died
3 82 Yes No Died
4 19 Yes No Died
5 160 Yes (at 120 months) No Died
6 15 Yes No Died
7 10 Yes Lung Died
8 28 No No Alive

Bettaswamy et al. (4) 2017 1 1 60 Yes No Alive
Ghailane et al. (5) 2017 1 1 10 Yes (at 3 months) Yes Died
Chou et al. (6) (multicenter study without individual information) 2017 29 29 24 Yes (11/29) NA Died (12/29)
Baharvahdat et al. (7) 2015 1 1 0.3 Yes Brain, spinal Died
Thomas et al. (8) 2014 1 1* 1.5 No Brain, spinal Alive
Li et al. (9) 2014 1 1 29 Yes (at 4 months) Brain, spinal Alive
Yone et al. (10) 2004 1 1 21 Yes (at 6 months) Brain, spinal Died
Celli et al. (11) 1995 5 1 72 No No Alive

2 24 No No Alive
3 72 No No Alive
4 48 Yes No Alive
5 14 No Lung Died

Seppälä et al. (12) 1993 3 1 7 Yes Yes Died
2 8 Yes Yes Died
3 72 Yes (at 24 months) Yes Died

Valdueza et al. (13) 1991 2 1 120 Yes (at 96 months) No Alive
2* 7 No No Alive

Thomeer et al. (14) 1981 1 1 36 Yes No Alive
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is recurrent or highly malignant, the positive rate of S-100 is
significantly decreased (10, 22). S-100 was negative only in 2
patients in our study; hence, the clinical significance of it needs to
be further investigated. Positive CD34 indicates the presence of
heterogeneous cellular components in the tumor. In addition,
high-grade MPNST often expresses p53. Loss of SMARCB1
expression plays an important role in the occurrence and
development of MPNST (21). Due to incomplete sample
information, we only made a summary of the pathological
results. Except for the surgical biopsy result, an accurate
diagnosis of primary spinal intradural MPNSTs depends on
the exclusion of metastasis, malignant transformation,
radiotherapy-induced tumor, and NF1. Further study of
molecular pathology is an effective way for diagnosis and
treatment. In addition, the analysis of cancer stem cells and
genetics in MPNSTs is helpful to design new treatment schemes
(23). Spyra et al. suggested the increased expression of CD133,
Oct4, and Nestin, and decreased markers of NCAM and CD90
(24). Genetic mutations such as SUZ12, EED, BRAFV600E, and
TP53 have been reported in sporadic MPNSTs (25–28).

Due to the lack of a large amount of clinical data about primary
sporadic intradural MPNSTs, there is no mature and effective
treatment plan at present. A reasonable stage and risk grouping of
MPNSTs is beneficial to the subsequent management (18).
Surgical resection is the mainstay of treatment currently, while
the outcomes of surgical management are widely disparate (8).
Generally speaking, there are two types of resections: one is
piecemeal resection, which means that an intralesional resection
involved violation of the tumor capsule, and the other is en bloc
resection, which refers to the circumferential separation of the
tumor without violation of its border or capsule, and can be
categorized into wide margin and marginal margin according to
the different surgical margin (29). Radical en bloc resection with
wide margins is a difficult but significant factor in tumor control
and future prognosis (30). The surrounding vital structures,
including critical nerves and blood vessels, restrict the extent of
the resection range. Chou et al. classified the surgical technique for
spinal MPNSTs as Enneking appropriate (EA) or Enneking
inappropriate (EI) to investigate the effects of two types on
TABLE 4 | The summary of patient data.

Variables Number %

Gender (n = 55)
Male 30 54.5%
Female 25 45.5%
Age at diagnosis (years, n = 55)
Mean 40
Range 3–70
≤30 8 14.5
>30 18 32.7
Unknown 29 52.7%
Location (n = 55)
Cervical 6 10.9
Thoracic 12 21.8
Lumber 6 10.9
Sacral 2 3.6
Unknown 29 52.7
History (months, n = 24)
Mean 12.6
Range 0.5–108
≤6 16 66.7
>6 8 33.3
Size (cm, n = 17)
Range 1–9
≤3 10 58.8
>3 7 41.2
Shape (n = 22)
Oval 14 63.6
Irregular 4 18.2
Dumbbell 4 18.2
T1-weighted (n = 16)
Isointense 9 56.3
Hypointense 7 43.8
T2-weighted (n = 20)
Isointense 7 35.0
Hypointense 13 65
Boundary (n = 22)
Clear 15 68.2
Obscure 7 31.8
Bone destruction (n = 26)
Yes 3 11.4
No 23 88.6
Grade (n = 18)
Low grade 4 28.6
High grade 14 71.4
S-100 (n = 17)
+ 15 88.2
– 2 11.8
Vimentin (n = 14)
+ 10 71.4
– 4 28.6
EMA (n = 10)
+ 2 20.0
– 8 80.0
CD34 (n = 9)
+ 5 55.6
– 4 44.4
SMA (n = 9)
+ 5 55.6
– 4 44.4
Desmin (n = 9)
+ 5 55.6
– 4 44.4
Cytokeratin (n = 8)
+ 1 12,5

(Continued)
TABLE 4 | Continued

Variables Number %

– 7 87.5
Surgery (n = 27)
Subtotal resection 8 29.6
Gross total resection 19 70.4
Postoperative adjuvant treatment (n = 53)
Radiotherapy 33 62.3
Chemotherapy 14 26.4
Recurrence (n = 55)
Yes 29 52.7
No 26 47.3
Metastasis (n = 26)
Yes 11 42.3
No 15 57.7
Vital status (n = 55)
Alive 29 52.7
Died 26 47.3
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FIGURE 2 | (A) The Kaplan–Meier curves of OS and RFS. The log-rank tests indicated that age at diagnosis (B) and presence or absence of metastasis (C) were
the potential risk factors for OS, and presence or absence of metastasis (D) was also the potential risk factor for RFS.
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TABLE 5 | The results of the log-rank test, and univariate and multivariate Cox regression analysis.

Variable Log-Rank Test Univariate Analysis Multivariate Analysis

OS RFS OS RFS OS

p-value p-value HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value

Gender (n = 26) 0.279 0.356 Reference Reference
Male
Female 0.545 (0.176–1.681) 0.291 0.588 (0.208–1.662) 0.317
Age (>30) (n = 26) 0.004 0.221 Reference Reference Reference
>30
≤30 0.196 (0.057–0.670) 0.009 0.501 (0.169–1.539) 0.232 0.345 (0.095–1.256) 0.107
Location (cervical or not) (n = 26) 0.888 1 Reference Reference
Cervical
Not cervical 1.097 (0.298–4.038) 0.889 1.003 (0.315–3.190) 0.996
Boundary (n = 14) 0.894 0.685 Reference Reference
Obscure
Clear 1.167 (0.120–11.341) 0.894 0.642 (0.074–5.583) 0.688
Shape (oval or not) (n = 14) 0.762 0.633 Reference Reference
Oval
Not oval 1.167 (0.120–11.341) 0.894 0.738 (0.155–3.508) 0.702
Maximum diameter (>3 cm) (n = 17) 0.223 0.131 Reference Reference
>3 cm
≤3 cm 2.567 (0.517–12.760) 0.249 3.162 (0.653–15.310) 0.152
GTR vs. STR (n = 26) 0.538 0.652 Reference Reference
GTR
STR 1.508 (0.400–5.692) 0.544 1.306 (0.405–4.213) 0.655
Postoperative radiotherapy (n = 24) 0.953 0.276 Reference Reference

Yes
No 0.964 (0.282–3.300) 0.954 2.013 (0.551–7.351) 0.29
Postoperative chemotherapy (n = 24) 0.41 0.135 Reference Reference

Yes
No 1.744 (0.448–6.788) 0.422 2.411 (0.723–8.038) 0.152
Presence or absence of metastasis (n = 26) <0.05 <0.05 Reference Reference Reference
Metastasis
Not metastasis 8.554 (2.254–32.464) 0.002 12.782 (2.529–64.605) 0.002 6.504 (1.579–26.796) 0.010
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recurrence and survival (6). EA surgery is en bloc resection with
wide or marginal margins and EI surgery is a piecemeal or an
intralesional resection. In their study, there was no difference in
recurrence or survival rate based on the two resection techniques.
They also suggested that EA resection was not necessary to
improve the overall survival because of the spread along nerves
and multiple skip metastases, but better progression-free period
may be obtained. However, the benefit of EA resection may be
undermined by operation-related structure damage compared to
EI resection (especially intralesional piecemeal resections).
Another study suggested that the reason of relapse and
metastasis in piecemeal total resection probably originated from
tumor cell contamination in the surgical field (3). In our research,
the present results suggest that the extent of surgical resection may
not affect overall or local relapse-free survival. Although piecemeal
total resection may not yield a conclusive tumor-free margin, it
may alleviate symptoms, achieve sufficient volume reduction and
bring greater benefit to patients. A reasonable surgical design is an
effective and primary way to gain time for subsequent treatment.
The best adjuvant treatment remains poorly defined due to the
lack of prospective trials. Previous literature suggests that adjuvant
radiotherapy after surgery could be an effective treatment for
patients, especially in lesions larger than 5 cm in size or with
residual tumor, which is critical in the prognosis of primary spinal
intradural MPNSTs (2, 7, 8, 31). However, our study revealed that
radiotherapy is ineffective in controlling recurrence and does not
appear to affect overall survival, which may be due to the bias
caused by the fact that more aggressive tumors are more likely to
undergo radiotherapy. Additionally, radiotherapy had the risk of
increasing the mutational burden of the tumor (23). Further
exploration is required to elucidate the effect of surgical type
and adjuvant radiotherapy. At present, there is no consensus on
chemotherapy and it requires personalized design for MPNSTs.
Chemotherapy did not show benefit in our present study. In view
of the resistance of MPNSTs to traditional chemotherapy (32),
targeted therapy is a new therapeutic strategy and direction (33).
Some other new treatments, like carbon ion radiotherapy (CIRT),
are currently under study and being explored (2).

The clinical outcome of primary sporadic intradural MPNSTs
is poor (34). The rate of metastasis at the time of initial diagnosis
is 10.4% (35), and 5-year survival rate is 42%–50% in sporadic
cases (36). In our research, the rate of tumor recurrence was
52.7%, and the rate of tumor metastasis was 42.3%. The 2-year
recurrence rate and the 2-year mortality rate were 43.4% and
41.8%, respectively. The median recurrence and survival time
were 36 and 72 months, respectively. In this retrospective study,
we found age and presence of metastasis as two prognostic
factors, which could influence the OS and RFS. The patients
who were older than 30 years showed better OS than the other
patients. The patients without metastasis had better OS and RFS.
Furthermore, the multivariate Cox proportional hazards
regression analysis revealed that absence of metastasis was an
independent factor for predicting a favorable prognosis.
However, the patients’ gender, the position of the tumor,
surgery, adjuvant therapy, and many other factors did not
appear to affect the prognosis.
Frontiers in Oncology | www.frontiersin.org 9
LIMITATION

The study is limited by its small sample size, and some data are
not detailed and complete. The criterion of “exclusion of tumors
that had undergone secondary transformation” is perhaps
misleading. It is possible that some patients may have had
undiagnosed schwannomas/other tumors that underwent
secondary transformation and were only diagnosed at that
point. More relevant clinical data need to be screened,
collected, and studied.
CONCLUSION

Primary sporadic intradural MPNSTs are aggressive malignant
tumors with high mortality and morbidity rates, even after
formal treatment. It is difficult to make a diagnosis based on
clinical and imaging findings alone. Surgical resection and
pathological examination are necessary. The benefit of
radiotherapy and chemotherapy treatments remains
controversial. In our present study, early detection of diseases
in adults may predict better clinical outcomes. However, we
should be aware that further studies with larger cohorts are
needed to explore the prognostic factors and reasonable
treatment plans.
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