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ORIGINAL ARTICLE SPINE SURGERY AND RELATED RESEARCH

Clinical Features of Recurrent Spinal Cord Tumors
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Abstract:
Introduction: Only a few reports have described the clinical features of recurrent spinal cord tumors. This study aimed

to report the recurrence rates (RRs), radiographic imaging, and pathological features of various histopathological recurrent

spinal cord tumors using a large sample size.

Methods: This study adopted the retrospective observational study design using a single-center study setting. We retro-

spectively reviewed 818 consecutive individuals operated for spinal cord and cauda equina tumors between 2009 and 2018

in a university hospital. We first determined the number of surgeries and then the histopathology, duration to reoperation,

number of surgeries, location, degree of tumor resection, and tumor configuration of the recurrent cases.

Results: A total of 99 patients (46 men and 53 women) who underwent multiple surgeries were identified. The mean du-

ration between the primary and second surgeries was 94.8 months. A total of 74 patients underwent surgery twice, 18 pa-

tients thrice, and 7 patients 4 or more times. The recurrence sites were broadly distributed over the spine, with mainly intra-

medullary (47.5%) and dumbbell-shaped (31.3%) tumors. The RRs for each histopathology were as follows: schwannoma,

6.8%; meningioma and ependymoma, 15.9%; hemangioblastoma, 15.8%; and astrocytoma, 38.9%. The RRs after total re-

section were significantly lower (4.4%) than that after partial resection. Neurofibromatosis-associated schwannomas had a

higher RR than sporadic schwannomas (p<0.001, odds ratio [OR]=8.54, 95% confidence interval [95% CI]: 3.67-19.93).

Among the meningiomas, the RR increased to 43.5% in ventral cases (p<0.001, OR=14.36, 95% CI: 3.66-55.29). Within

the ependymomas, partial resection (p<0.001, OR=2.871, 95% CI: 1.37-6.03) was found to be significantly correlated with

recurrence. Dumbbell-shaped schwannomas exhibited a higher RR than non-dumbbell-shaped ones. Furthermore, dumbbell-

shaped tumors other than schwannoma had a higher RR than dumbbell-shaped schwannomas (p<0.001, OR=16.0, 95% CI:

5.518-46.191).

Conclusions: Aiming for total resection is essential to prevent recurrence. Dumbbell-shaped schwannomas and ventral

meningiomas exhibited higher RR requiring revision surgery. As for dumbbell-shaped tumors, spinal surgeons should pay

attention to the possibilities of non-schwannoma histopathologies.
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Introduction

Since Gowers and Horsley first reported the case of spinal

cord tumor removal in 18881), the therapeutic outcome of

spinal cord tumor resection has significantly improved over

the past few decades due to the advancement in diagnostic

imaging and improvements in microscopic surgical tech-

niques, as well as the introduction of ultrasonic surgical as-

pirators and intraoperative electrical monitoring2). The goal

of treatment for spinal cord and cauda equina tumors is to

completely remove the lesion without damaging the spinal

cord, cauda equina, or spinal nerve roots and exacerbating

the patient’s neuropathy. However, even today, the treatment

of recurrent spinal cord tumor cases is often challenging in

the field of spinal surgery. Furthermore, only a few reports

have described recurrent spinal cord tumors according to

each histology3-6). In clinical practice, we encounter many

cases in which the tumor recurs and is difficult to treat. Al-

Corresponding author: Narihito Nagoshi, nagoshi@keio.jp

Received: July 1, 2022, Accepted: October 3, 2022, Advance Publication: December 12, 2022

Copyright Ⓒ 2023 The Japanese Society for Spine Surgery and Related Research



Spine Surg Relat Res 2023; 7(3): 225-234 dx.doi.org/10.22603/ssrr.2022-0136

226

though there have been epidemiological reports from Japan

on surgically treated cases of spinal cord tumors in a multi-

center study setting (678 cases over 10 years and 118 cases

over 3 years)7,8), due to the rarity of spinal cord tumors, epi-

demiological reports of spinal cord tumors with large sample

sizes focusing on recurrence rates (RRs) are scarce. In this

study, we retrospectively reviewed consecutive cases of re-

current spinal cord tumor surgery in a single-center study

setting.

Materials and Methods

Subjects

We retrospectively reviewed data for consecutive patients

who underwent surgery for spinal cord tumors, cauda

equina, and spinal nerve root at our institution between 2009

and 2018. All patients had complete radiography, MRI

evaluations from the preoperative assessment, and 2-year

follow-up. In this study, 818 patients who underwent tumor

resection at our institution were included. With the approval

of our institution’s ethical board, we retrospectively col-

lected clinical data for each patient from their charts and op-

erative records.

Surgical procedure

All surgeries were performed by an equally skilled surgi-

cal team via microscopy under general anesthesia and neuro-

monitoring. Among the 864 surgeries, 852 were performed

using a posterior spinal approach. Seven patients underwent

tumor resection via the anterior spinal approach, and five

were treated with a combined anterior and posterior ap-

proach. In the case of the posterior approach for cervical or

upper thoracic (T1-3), the patient was placed in the so-

called Concorde prone position using the MayfieldⓇ head

clamp. In the case of the posterior approach for middle-

thoracic and lumbar cases, the patient was positioned prone

on a spinal frame. Following cervical laminoplasty or tho-

racic/lumbar laminectomy and/or laminotomy, the tumor was

resected under a surgical microscope. For the resection of

dumbbell-shaped tumors, the posterior one-way approach

was mainly employed in this study. Our basic surgical strat-

egy for a dumbbell-shaped tumor was to first resect the tu-

mor within the spinal canal (both intradural and extradural)

posteriorly and then dissect out and resect the tumor in the

intervertebral foramen as far outward as possible. If the ex-

tradural portion of the dumbbell-shaped tumor located at the

foramen was relatively small (e.g., Toyama type 3a), we re-

sected the tumor using the posterior approach9). Alterna-

tively, if the extradural portion of the dumbbell-shaped tu-

mor was relatively large (e.g., Toyama type 3b), we resected

the tumor posteriorly as far outward as possible to the area

in the intervertebral foramen distally away from its entrance,

as previously reported9).

Data collection

In addition to age, gender, and number of surgeries, we

investigated the histopathology and location of the resected

tumor of all the participants. Then, we investigated multiple

operated cases with recurrent tumors and examined the in-

terval between primary and secondary surgeries, the spinal

locations of the recurrent tumors, and the tumor configura-

tion on cross-sectional MRI images. Malignant tumors were

defined based on the World Health Organization (WHO)

classification: WHO grade I tumors were defined as “be-

nign”; grade II, “intermediate”; and grade III/IV, “malig-

nant.” The age of the participants enrolled was classified by

decade. The spinal location of the tumors was determined

based on their rostro-caudal barycenter in sagittal MRI im-

ages as follows: the center of the tumor location at the Oc-C

2 level was defined as upper-cervical, C3-6 as cervical, C7-

T3 as cervicothoracic10), T3-10 as thoracic, T11-L2 as thora-

columbar, L3-5 as lumbar, and S1-3 as sacral. Recurrent spi-

nal cord tumors were defined as tumors occurring at the

same spinal level with the same histological diagnosis as

that at the initial surgery. RR was defined as the ratio of the

number of patients who underwent reoperation due to tumor

recurrence to the total number of patients operated on at our

institute during the same period3). The extent of tumor resec-

tion was defined as follows according to the previous re-

ports11,12): gross total resection (GTR) as no visual evidence

of remaining tumor on the surgical field of the operating mi-

croscope, near total resection (NTR) as <10% residual tumor

mass following surgery, and subtotal resection (STR) as re-

moval of 50%-90% of tumor tissue at the end of surgery.

We compared the RRs based on the achievement of the

GTR and partial resection (NTR/STR). Especially for cases

of meningioma, tumor localization was classified into dorsal

(including lateral) and ventral types depending on the local-

ization of the dural attachment, as previously reported13). We

also investigated a breakdown of Simpson grade for men-

ingioma resection 13 ) . Furthermore, among recurrent

dumbbell-shaped tumors, we examined the histopathology in

detail and compared the RRs of dumbbell-shaped schwanno-

mas with that of tumors other than schwannomas.

Statistical analysis

Data were expressed as mean±standard deviations (SD)

unless otherwise indicated. We conducted statistical analyses

using IBM SPSS Statistics version 25.0 (IBM Corp., Ar-

monk, NY). Continuous variables were expressed as means±

SD and categorical variables as percentages. A univariable

analysis (Mann-Whitney U test for continuous variables and

chi-squared test for categorical variables) was conducted to

explore the factors associated with tumor recurrence by esti-

mating the odds ratio (OR) and the 95% confidence interval

(95% CI). A p-value less than 0.05 was considered statisti-

cally significant.
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Figure　1.　Age distribution of enrolled individuals with spinal 

cord tumors and recurrence rate of each decade.

Table　1.　Details of Cases with Surgically Treated Spinal Cord Tumors.

Patients n=818

Gender (no. of cases) male: 424; female: 394

Age 50.3±17.4 (range 1–89) 

 Tumor location 

(no. of cases) 

upper-cervical: 77; cervical: 160; cervicothoracic: 97; thoracic: 170; 

thoracolumbar: 162; lumbar: 110; sacral: 42

 Tumor configuration 

(no. of cases) 

intramedullary: 288; intradural-extramedullary: 383; extradural: 20; 

dumbbell-shaped: 127

Results

Demographics and morphologies of enrolled patients with
spinal cord tumors

Table 1 presents the demographics of 818 individuals who

had 864 surgically treated tumors. The patients enrolled in

this study had a male preponderance consisting of 424

(51.8%) men and 394 (48.2%) women, with ages ranging

from 1 to 89 years (mean age, 50.3±17.4; median, 51 years;

interquartile range, 39-63). When stratifying the age of the

patients by decade, those aged 40-60 years were predomi-

nant (Fig. 1). The tumor location evaluated by spinal verte-

bral level was distributed without significant deviation (Fig.

2). Regarding tumor configuration, 288 patients (35.2%) had

intramedullary, 383 (46.8%) intradural extramedullary, 20

(2.5%) extradural, and 127 (15.5%) dumbbell-shaped tumors

(Table 1).

Imaging and clinical features of the recurrent cases

Table 2 presents the comparison results between the cases

with recurrent tumors (R(+) group) and those without recur-

rence (R(−) group). Of the 818 enrolled individuals, 99 had

tumor recurrence. Of these patients, 41 had undergone pri-

mary surgery at another hospital. The mean duration be-

tween the primary and second surgeries was 94.8±109.7

months (median, 60 months; interquartile range, 14-143). A

total of 74 patients underwent surgery twice, 18 underwent

surgery three times, and 7 underwent four or more times.

No significant gender preference was observed between the

R(+) [341 women and 378 men] and R(−) [53 women and

46 men] groups. When stratifying the age of the patients at

the time of primary surgery by intervals of 10 years, there

was a unimodal peak in patients in their 40s to 60s (Fig. 1).

The RR in each age group was approximately 10%-15%,

and no significant difference was observed in the RRs be-

tween the age groups (Fig. 1, Table 2). Although there were

no significant differences in the RRs of tumors located at

various spinal levels, significant differences were observed

in the RRs when considering tumor configuration (Table 2):

dumbbell-shaped spinal cord tumors exhibited significantly

higher RRs. Concerning the degree of tumor resection, GTR

was achieved in 597 cases, NTR in 61 cases, and STR in

160 cases. The RRs for each degree of tumor resection were

4.4% for GTR, 31.1% for NTR, and 33.8% for STR, re-

spectively (Table 2): as a natural consequence, the RR was

significantly lower in those with GTR (p<0.001). The RRs

in relation to the grade of malignancy were 9.7% in benign,

15.9% in intermediate, and 56.3% in malignant tumors with

statistically significant differences in RRs by grade (Table

2).

Pathological features of the recurrent cases

Table 3 presents the recurrence rate for each histopathol-

ogy. The RRs of spinal schwannomas and meningiomas, ac-

counting for most extramedullary spinal intradural tumors,

were 7.6% and 15.6%, respectively. When focusing on

schwannomas, patients with neurofibromatosis (neurofibro-

matosis type 1 or 2 or schwannomatosis) exhibited a signifi-

cantly higher recurrence rate than those with sporadic spinal

schwannomas (p<0.001, [OR]=8.54, 95% confidence inter-

val [95% CI]: 3.67-19.93). Regarding the degree of tumor

resection, among 344 patients with spinal schwannomas,

281 underwent GTR and 63 partial resections (NTR/STR).

As a corollary, the RR was significantly lower in patients

with GTR (2.5%) than in those who underwent partial re-

section (28.6%) (p<0.001). Analysis of the degree of tumor

resection as a function of tumor configuration revealed that

there was significantly less GTR in dumbbell-shaped

schwannoma. The GTR achievement rate was significantly

higher in those with non-dumbbell-shaped schwannoma,

whereas in those with non-dumbbell- and dumbbell-shaped

schwannomas, the rates were 92.9% (n=239) and 56.2%, re-
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Figure　2.　Location of tumors at the initial surgery (n=818).

Table　2.　Comparison between Recurrent and Non-recurrent Cases.

Variables R (–) R (+) p value

number of cases 719 99 –

gender (%male) 52.6 46.5 0.254

Recurrence rate (%) 

Age (no. of cases) 0.557

0–9 (8) 0.0

10–19 (38) 10.5

20–29 (58) 10.3

30–39 (113) 15.9

40–49 (163) 15.3

50–59 (168) 8.3

60–69 (156) 11.5

70–79 (89) 12.4

80–89 (25) 12.0

Tumor location (no. of cases) 0.136

upper cervical (77) 14.3

cervical (160) 16.9

cervicothoracic (97) 15.5

thoracic (170) 7.6

thoracolumbar (162) 11.1

lumbar (110) 9.1

sacral (42) 11.9

Tumor configuration (no. of cases) <0.001

intramedullary (288) 14.2

intradural-extramedullary (383) 7.0

extradural (20) 0.0

dumbbell-shaped (127) 24.4

Degree of tumor resection (no. of cases) <0.001

GTR (597) 4.4

NTR (61) 31.1

STR (160) 33.8

Tumor malignancy (no. of cases) <0.001

benign [WHO grade I] (698) 9.7

intermediate [WHO grade II] (88) 15.9

malignant [WHO grade III/IV] (32) 56.3

spectively (n=105) (p<0.001).

Among spinal meningiomas, when classifying the

meningeal origin site on the axial section view, the ventral

type had a significantly higher rate of recurrence than the

dorsal/lateral type (p<0.001, OR=14.36, 95% CI: 3.66-

55.29). As for the Simpson grade for meningioma resection,

51 patients achieved Simpson grade I, 22 grade II, 8 grade

III, and 1 grade IV. The RRs for each Simpson grade were

as follows: 1.96% for grade I (1 case), 13.6% for grade II (3

cases), 100% for grade III (8 cases), and 100% for grade IV

(1 case) (Table 4a). In the case of meningiomas with ventral

location, the breakdown of Simpson grade and RRs was as

follows: 9 cases achieved grade I (RR=11.1%), 6 grade II

(RR=16.7%), 7 grade III (RR=100%), and 1 grade IV (RR=
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Table　3.　Recurrence Rate for Each Histopathology.

Variables (no. of cases) Recurrence rate (%)

Schwannoma/Neurofibroma (344) 7.6

Sporadic (303) 4.6

Neurofibromatosis (41) 29.3†

Meningioma (82) 15.6

Dorsal/Lateral (59) 5.1

Ventral (23) 43.5 ‡

Ependymoma (107) 15.9

WHO grade I (33) 15.2

WHO grade II (74) 16.2

Astrocytoma (36) 38.9

Low-grade (24) 37.5

High-grade (12) 41.7

Hemangioblastoma (38) 15.8

Sporadic (31) 9.7

vHL (7) 42.9§

Cavernous hemangioma (62) 3.2

Spinal lipoma (33) 12.1

True spinal lipoma (11) 18.2

With spinal dysraphism (22) 9.1

SFT/Hemangiopericytoma (10) 50.0

Intramedullary cystic lesion (18) 5.6

MPNST (3) 100.0

Chordoma (3) 100.0

Ganglioneuroma (6) 50.0

Miscellaneous (76) 3.9

†: p<0.001, reference=sporadic, ‡: p<0.001, reference=dorsal/later-

al, §: p<0.05, reference=sporadic, vHL: von Hippel-Lindau dis-

ease, SFT: solitary fibrous tumor, MPNST: malignant peripheral 

nerve sheath tumor

Table　4.　Recurrence Rates and Simpson Grade 

for Meningioma.

a. Recurrence rate and Simpson grade of a total of 

82 cases with meningioma. Higher Simpson-grade 

exhibited significantly higher RR (p<0.001).

Simpson grade R (−) R (+) RR

I 50 1 1.96

II 19 3 13.6

III  0 8 100.0

IV  0 1 100.0

b. Recurrence rate and Simpson grade of ventrally 

located meningioma (n=23).

Simpson grade R (−) R (+) RR

I  8 1 11.1

II  5 1 16.7

III  0 7 100.0

IV  0 1 100.0

c. Recurrence rate and Simpson grade of dorsally/

laterally located meningioma (n=59).

Simpson grade R (−) R (+) RR

I 42 0 0.0

II 14 2 12.5

III  0 1 100.0

IV – –

R: recurrence, RR: recurrence rate.

100%) (Table 4b). The ventral location of meningioma com-

pelled initial surgeons to resect the tumors partially (p<

0.001), and the grade III and IV partial resection conse-

quently led to significantly higher RRs (Table 4c).

Regarding intramedullary tumors, especially gliomas, the

RRs of ependymoma and astrocytoma were 15.9% and

38.9%, respectively. Based on the classification of central

nervous system tumors by the WHO, we divided the en-

rolled patients with gliomas into two subgroups: ependymo-

mas of WHO grades I (25 patients with myxopapillary epen-

dymomas and 8 patients with subependymomas) and II and

astrocytomas of low-grade (grades I and II) and high-grade

(grade III and IV). In addition, we compared the RRs of

each subtype. As a result, no significant difference was ob-

served in RR in these subtype comparisons (Table 3).

Among 107 patients with ependymomas, 81 (75.7%) under-

went GTR, 7 (6.5%) NTR, and 19 (17.8%) STR. When

comparing the degree of tumor resection between WHO

grade I and II ependymomas, the ratio of GTR in patients

with grade II ependymomas tended to be higher than that in

patients with grade I ependymomas (63.6% in grade I and

81.1% in grade II, p=0.052). Notably, all eight cases of

subependymoma (WHO grade I) underwent STR in the pri-

mary surgery owing to their indistinct boundary with the

surrounding normal cord. Univariable analysis was con-

ducted using age, gender, WHO grade, and degree of resec-

tion (GTR or partial resection) to search for factors associ-

ated with ependymoma recurrence, and only the degree of

tumor resection (partial resection) was a statistically signifi-

cant factor associated with recurrence (p<0.001, OR=2.871,

95% CI: 1.37-6.03).

As for spinal astrocytoma, 36 patients with astrocytoma

were enrolled in this study, of which 24 had low-grade

(WHO grade I/II) and 12 had high-grade (grade III/IV), as

presented in Table 3. Regarding the degree of tumor resec-

tion for astrocytoma, 13 patients (36.1%) underwent GTR, 6

(16.7%) NTR, and 17 (47.2%) STR. Although we conducted

univariable analysis with the presence of recurrence as the

objective variable and age/gender/GTR/high-grade as ex-

planatory variables, none of these factors were statistically

significant (p=0.597 for age, 0.270 for gender, 0.968 for

GTR, and 0.809 for high-grade). Focusing on the patients

with high-grade astrocytoma (n=12), all underwent STR as a

result. Consequently, the rate of GTR was significantly

higher in those with low-grade astrocytoma (54.2%) than in

those with high-grade astrocytoma (0%) (p=0.001). In 10

out of 12 patients with high-grade astrocytoma, we per-

formed chemoradiotherapy using temozolomide and/or
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Figure　3.　Detailed histopathology of the recurrent dumbbell-shaped tumors (n=31).

Table　5.　Recurrence Rates of Dumbbell-shaped Tumors.

a. Recurrence rates of spinal schwannomas (n=344) in dumb-

bell- and non-dumbbell-shaped configurations.

Variables (no. of cases) Recurrence rate (%) 

Dumbbell (105) 14.3*

Non-dumbbell (239) 4.2

b. Recurrence rates for dumbbell-shaped tumors of all histo-

pathologies (n=127).

Variables (no. of cases) Recurrence rate (%) 

Schwannoma (105) 14.3

Other than schwannoma (22) 72.7†

*: p=0.003, reference=non-dumbbell,

†: p<0.001, reference=schwannoma.

bevacizumab as postoperative adjuvant therapy. One patient

with grade IV cervical glioblastoma who did not receive

chemoradiotherapy died before postoperative adjuvant ther-

apy. Of 10 patients treated with adjuvant chemoradiotherapy,

3 had also undergone cordotomy at the upper thoracic level,

and the remaining spinal cord and nerve root below the tran-

sected site were completely resected, including the dura ma-

ter and the basis of the nerve roots. Among three patients

with cordotomy, only one survived for 7 years. However, the

remaining 11 cases with high-grade astrocytoma with or

without cordotomy died from intracranial dissemination of

tumor within 2 years following primary surgery.

Regarding another major type of intramedullary tumor,

vascular tumor, the RRs of hemangioblastoma and cavern-

ous hemangioma were 15.8% and 3.2%, respectively. For

vascular tumors, such as hemangioblastoma and cavernous

hemangioma, the basic surgical strategy is to resect the tu-

mor as a single mass rather than piece by piece. All cases

with cavernous hemangioma (n=62) underwent GTR, and 33

out of 38 patients (86.8%) with hemangioblastoma under-

went GTR. Among 30 patients with sporadic hemangioblas-

toma, 28 (93.3%) underwent GTR, and 2 (6.7%) underwent

STR as a result. All two cases with STR eventually exhib-

ited recurrence. Consequently, the RR was relatively low in

the vascular tumors following GTR (15.8% in heman-

gioblastoma and 3.2% in cavernous hemangioma). We di-

vided the patients with spinal hemangioblastoma into spo-

radic and von Hippel-Lindau disease (vHL) groups and

found that those with vHL exhibited a significantly higher

RR than those with sporadic hemangioblastomas (p=0.030,

OR=7.0, 95% CI:1.178-43.355). The RRs for the other re-

maining histopathologic tumors with relatively lower inci-

dence rate were as follows: spinal cord lipoma, 12.1%; soli-

tary fibrous tumor (SFT)/hemangiopericytoma (HPC),

50.0%; intramedullary cystic lesions, 5.6%; malignant pe-

ripheral nerve sheath tumor (MPNST), 100%; chordoma,

100%; ganglioneuroma, 50.0%; and miscellaneous histopa-

thology, 3.9% (Table 3).

Concerning spinal cord lipoma, all patients with spinal

cord lipoma underwent partial resection (STR) and duro-

plasty. Among 33 patients with spinal cord lipoma, 22

(66.7%) were associated with spinal dysraphism, and 11

(33.3%) were without spinal dysraphism (true spinal cord

lipoma) (Table 3). A total of four patients had recurrence,

and there was no significant difference in the RRs between

patients with and without spinal dysraphism (p=0.451). Two

recurrent cases with true spinal cord lipoma exhibited local

adhesive arachnoiditis at the primary surgical site, and two

cases underwent spinal shortening surgery at the upper lum-

bar level for the recurrent tethered cord syndrome following

filum terminale resection.

Recurrence rate of dumbbell-shaped tumors

Table 5a presents the RRs of dumbbell-shaped schwanno-

mas. Compared with non-dumbbell-shaped schwannomas,

the dumbbell-shaped ones exhibited a significantly higher

RR (14.3% vs. 4.2%, p=0.003, OR=3.455, 95% CI: 1.554-

7.677) in the univariable analysis. Focusing on dumbbell-

shaped tumors as a whole regardless of histopathology (n=

127), 31 patients with dumbbell-shaped tumor had a recur-

rence comprising 15 schwannomas and 16 non-

schwannomas (Table 5b). The detailed histopathology of the

16 non-schwannoma recurrent dumbbell-shaped tumor cases

was as follows: three meningioma/ganglioneuroma/chor-

doma/SFT(HPC), two MPNST, and one hemangioblastoma

and sarcoma (Fig. 3). Non-schwannoma dumbbell-shaped

tumor cases showed a significantly higher RR than

dumbbell-shaped schwannoma cases (Table 5b, p<0.001, OR

=16.0, 95% CI: 5.518-46.191). The six remaining cases of

dumbbell-shaped non-schwannoma without recurrence were
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meningioma, ganglioneuroma, cavernous hemangioma, SFT,

metastasizing leiomyoma, and multiple endocrine neoplasia

type 1.

Discussion

This study characterized the RRs of spinal cord and cauda

equina tumors, including intra- and extramedullary locations

with various histopathologies. In addition, it identified the

factors associated with recurrence within schwannomas,

meningiomas, hemangioblastomas, and dumbbell-shaped tu-

mors. Inferring the relationship between tumor recurrence

and genetic background, such as neurofibromatosis or vHL,

is feasible, and these genetic backgrounds were identified as

significant factors in this study (Table 3). To date, our study

consisted of one of the largest sample-sized case series with

spinal cord tumors in single-center settings worldwide.

However, enrolling surgically treated cases could cause se-

lection bias. Similar to previous reports from Japan, our re-

sults indicated that schwannomas were the most common

and had a preponderance within intradural extramedullary

tumors compared with meningiomas7,8), whereas in the

United States, the frequencies of spinal meningiomas and

schwannomas were almost comparable, with a slightly

higher incidence of meningiomas14).

Previous reports evaluated surgical outcomes according to

each histopathology. Regarding schwannomas, Safaee et al.

retrospectively investigated a total of 221 spinal nerve

sheath tumors, including schwannoma, neurofibroma, and

MPNST, in 199 patients with neurofibromatosis. They re-

ported that, as expected, the extent of tumor resection

(GTR) was associated with a lower RR15). Li et al. reported

the clinical features of spinal schwannomas in 65 patients

with schwannomatosis compared with 831 with solitary

schwannomas and 102 with NF-2, concluding that NF-2 ex-

hibited more aggressive clinical behaviors requiring multiple

surgeries than solitary and schwannomatosis16). These find-

ings are consistent with our results indicating that spinal

schwannomas associated with neurofibromatosis (NF-1, 2,

and schwannomatosis) had a higher RR than sporadic

schwannomas (solitary) (Table 3). Our data implied that for

sporadic spinal schwannoma cases, achieving GTR as much

as possible might be important to prevent recurrence.

As for meningiomas, this study demonstrated that ventral

location resulted in higher RRs than dorsal/lateral location

(p<0.001). Nakamura et al. evaluated a total of 68 cases of

spinal meningioma with a mean of 12 years postoperative

follow-up. They concluded that Simpson grade I resection

should be selected to avoid recurrence, whereas ventral loca-

tion compelled surgeons to confine Simpson grade II resec-

tion that led to recurrence in long-term follow-up13). Re-

cently, Maiuri et al. evaluated recurrent and non-recurrent

meningiomas (6 cases of recurrent spinal meningioma com-

pared with 50 non-recurrent cases) and demonstrated that

higher MIB-1 indices and arachnoid invasion were risk fac-

tors for the recurrence of spinal meningiomas, whereas tu-

mor location and extent of dural resection (Simpson grade I

or II) were not significant17). In the case of ventral men-

ingiomas, our results may only reflect the technical difficul-

ties in achieving Simpson grade I resection. Future analysis

of long-term follow-up with a larger sample size focusing

only on spinal meningioma cases is warranted.

Regarding intramedullary spinal cord tumors, which are

rarer than intradural extramedullary tumors, most previous

studies demonstrated surgical outcomes of intramedullary

spinal cord tumors consisting of approximately 100 to 200

cases of various histopathological types. Karikari et al.

showed surgical outcomes of 102 intramedullary tumors

with a mean follow-up of 41.8 months4). According to this

report, of 55 patients with ependymoma (WHO grade 2),

90.9% underwent GTR and 7.1% had recurrence. Among 21

cases of spinal astrocytoma, 14.3% underwent GTR, and

47.7% had recurrence. On the other hand, in the case of 12

patients with hemangioblastoma, 91.7% achieved GTR, and

there was no recurrence within their follow-up duration. The

authors concluded that tumor histopathology was the most

important predictor of postoperative neurological outcome,

as it was related to resectability and recurrence4). Similarly,

Klekamp et al. evaluated a total of 225 cases with spinal in-

tramedullary tumors of various histopathologies and con-

ducted a detailed analysis of the risk factors for surgical

morbidity with a mean follow-up of 41 months5). This study

reported that in long-term follow-up, the RRs for ependymo-

mas and low-grade astrocytomas were significantly corre-

lated with the extent of tumor resection (GTR)5). Moreover,

Tsuji et al. reported that achieving GTR was one of the in-

dependent prognostic factors for ambulation ability12). We

also exhibited that GTR achievement was negatively corre-

lated with the RRs of ependymoma with statistical signifi-

cance. In this study, we analyzed a total of 288 cases of in-

tramedullary tumors and evaluated the RRs. Based on the

hypothesis that high-grade tumors would have a high RR,

we evaluated glioma cases (ependymomas and astrocytomas)

and compared the RRs between low and high malignant

grades. However, contrary to our expectations, the RR in

high-grade glioma was not significantly higher than that in

low-grade glioma (Table 3, 15.3% for grade 1 ependymoma

and 16.2% for grade 2, 37.5% for grade 1/2 astrocytoma,

and 41.7% for grade 3/4). Among the patients with WHO

grade I ependymoma, all eight patients with subependy-

moma underwent STR due to the obscure boundary between

the tumor and normal cord, similar to previous reports18,19).

As Yuh et al. reported, to reduce the risk of neurological

deficit following surgery for subependymoma, an intentional

STR was an alternative option based on their benign na-

ture19). Especially with regard to the myxopapillary ependy-

momas (n=25), the capsular violation detected in intraopera-

tive findings has been reported as a factor strongly associ-

ated with recurrence20,21). Thorough assessment of the clinical

outcome and the relevance of adjuvant radiotherapy for the

myxopapillary ependymomas with capsular violation need to

be investigated in future study.
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Concerning the degree of tumor resection for astrocytoma,

all patients with high-grade astrocytoma (n=12) underwent

STR as a result. Although we performed additional cor-

dotomy and adjuvant chemoradiotherapy, the prognosis of

high-grade astrocytoma was quite poor. Recently, Nagoshi et

al. reported that similar to our results, neither chemoradio-

therapy nor cordotomy for high-grade astrocytoma could im-

prove the overall survival rate22). To date, there is still no

certainty about the best practices for high-grade astrocytoma

treatment owing to its rarity and extremely poor prognosis.

Further detailed molecular analysis combined with extensive

resection and adjuvant chemotherapy would be desirable in

a large, nationwide sample size to investigate the prognostic

factors for high-grade spinal astrocytoma.

Regarding the malignant tumors, all three patients with

MPNST, diagnosed via CT-guided biopsy, received preop-

erative chemotherapy using adriamycin and ifosfamide, and

surgical resection (all underwent STR as a result) was per-

formed after a maximum of three courses of chemotherapy

with imaging evaluation. After surgery, reoperation, chemo-

therapy, and radiation therapy were performed depending on

the condition of each patient and the presence of metastatic

recurrence. However, the 2-year survival rate was 0%, and

all patients died due to intracranial dissemination of tumor

cells. As for chordoma, all patients who underwent partial

resection (STR) of the tumor located at the cervical level

and who received heavy ion beam radiotherapy for the re-

maining tumor postoperatively survived at least 2 years dur-

ing the follow-up period. However, the precise 5-year sur-

vival rate for final prognosis was unknown as all patients

were transferred to other institutions for heavy ion therapy.

As previously reported, total resection should be at-

tempted to prevent the recurrence of dumbbell-shaped

schwannomas6). This study demonstrated that dumbbell-

shaped schwannomas had a significantly higher RR than

non-dumbbell-shaped ones (Table 5a). In the case of

dumbbell-shaped spinal tumors, because most of them are

composed of schwannomas/neurofibromas, an algorithm has

been proposed to diagnose dumbbell-shaped tumors as

schwannomas according to their morphology on MRI23).

However, our results indicated that a total of 22 of 127

cases of dumbbell-shaped tumors were diagnosed as other

than schwannoma, and these dumbbell-shaped tumors other

than schwannomas had significantly higher RR than

dumbbell-shaped schwannomas (Table 5b). Thus, our results

indicated that even for dumbbell-shaped tumors, a surgical

plan must be developed for total removal in the primary sur-

gery. Furthermore, it should be noted that there are other

types of dumbbell-shaped tumors in addition to schwanno-

mas. On the preoperative imaging evaluation, a new scoring

system for the differential diagnosis of malignant and benign

spinal dumbbell-shaped tumors was also advocated24).

For dumbbell-shaped schwannomas, to resect the Eden

type 1 and 2 dumbbell-shaped schwannomas, the posterior

one-way approach was mainly employed for the resection of

intradural portions in this study. On the other hand, in cases

where total resection could be highly hazardous, STR was

an alternative practical choice that yielded a favorable long-

term outcome with a lower MIB-1 index6). Among the cases

with Eden type 2 schwannomas, some exhibited larger intra-

and extra-foraminal portions of tumors, resulting in partial

resection. Furthermore, the location of the tumor around the

vertebral artery may compel the surgeons to complete sur-

gery in partial resection. Recently, Kitamura et al. elucidated

a predictive factor of remnant tumor growth following par-

tial resection of cervical dumbbell-shaped schwannoma us-

ing the posterior one-way approach9). They reported that the

MIB-1 index exhibited no significant difference between pa-

tients with and without remnant tumor growth, contrary to

the previous report6), and that remnant schwannomas with

margins distally away from the entrance of the foramen

were less likely to grow following incomplete resection9). In

the present study, there was a lack of data on the size of the

extra-spinal canal (extra-foraminal) component of the

dumbbell-shaped schwannoma to what extent it could be to-

tally removed from the posterior one-way approach, and the

enrolled spinal schwannomas were distributed from the cer-

vical to the sacral spinal levels. Henceforth, the validity of

the posterior one-way or anterior-posterior combined ap-

proach for spinal dumbbell-shaped schwannomas to achieve

GTR needs to be investigated in future studies.

The rarity of highly malignant spinal cord tumors (e.g.,

chordoma, MPNST) might require careful interpretation of

our results due to the difficulty in performing statistical

analysis using such a small number of cases. In addition,

more detailed research of each histopathology focusing on

recurrence is considered mandatory. Even with these limita-

tions, it is quite significant to report the RR of spinal cord

tumors of heterogeneous histopathologies using the largest

sample size after excision due to their scarcity.

This study has potential limitations that need to be dis-

cussed. First, this was a single-center retrospective study en-

rolling only surgically treated spinal cord tumor cases with

possible selection bias, which unavoidably confined the level

of evidence even though this study had the largest sample

size. Second, surgical outcomes, especially for ambulatory

abilities, were also not included in this study. In the near fu-

ture, a detailed analysis of the configuration and postopera-

tive outcome of each tumor histopathology will be required.

Third, we were not able to determine whether the recurrence

was due to the oncological characteristics of each tumor cell

or the regrowth of the tumor tissues intentionally left to pre-

serve the spinal cord. As for meningiomas, ventral location

requires highly technical difficulty and consequently compli-

cates GTRs25).

In conclusion, we evaluated the imaging and pathological

characteristics of recurrent spinal cord tumors. Of the 818

cases of spinal cord tumor surgery between 2009 and 2018,

99 (47 intramedullary) had reoperation. GTR resulted in sig-

nificantly lower RRs than NTR/STR. In addition to cases

with genetic background (neurofibromatosis or vHL), par-

ticular attention should be paid to initial surgery for
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dumbbell-shaped tumors and ventrally originating men-

ingiomas due to a higher RR. The surgeons should formu-

late an elaborate surgical plan at primary surgery to achieve

GTR for dumbbell-shaped tumors and meningiomas located

ventrally. Furthermore, when treating dumbbell-shaped tu-

mors, spinal surgeons should pay attention to the possibility

of histology other than schwannomas.
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