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OBJECTIVE: Primary spinal cord astrocytomas are rare,
fatal, and poorly studied.

METHODS: This study included a 2-center, retrospective
analysis of primary spinal cord astrocytoma patients from
1997 to 2020. Patients with drop metastases or without at
least one follow-up were excluded.

RESULTS: Seven World Health Organization grade I, 6
grade Il, 7 grade lll, and 4 grade IV astrocytoma patients
were included. Older patients had higher grades (median
20 years in grade | vs. 36.5 in grade IV). The median follow-
up was 15 months. Thirteen patients were discharged to
rehabilitation. Eight patients demonstrated radiographic
progression. Adjuvant therapy was utilized more in higher
grades (5 of 13 grades lll vs. all 11 grades IllIV). Six patients
died (1 death in grades Il vs. 5 in grades IllIV). Ten patients
had worsened symptoms at the last follow-up. The median
progression-free survival in grade |, Il, 1ll, and IV tumors
was 116, 36, 8, and 8.5 months, respectively. The median
overall survival in grade I, Il, Ill, and IV tumors was 142, 69,
19, and 12 months, respectively. Thrombotic complications
occurred in 2 patients, one with isocitrate dehydrogen-
asewild type glioblastoma.

CONCLUSIONS: Outcomes worsen with higher grades
and lead to difficult postoperative periods. Clinicians
should be vigilant for thromboembolic complications.
Further research is needed to understand these rare
tumors.

INTRODUCTION

rimary spinal cord astrocytomas represent a rare patho-
logical process with limited (OS) and progression-free

survival (PFS) data. Previous studies estimate that only
4%—8% of all spinal tumors are primarily formed in the spinal
cord, with ependymomas more frequent in the adult population
and astrocytomas more common in pediatric patients.”® Gliomas
tend to represent a particularly rare subset.>”* They use the same
histopathological and molecular classification schemes as their
intracranial counterparts, although anatomic location modulates
treatment strategies and prognosis.>” Previous studies have
noted poor outcomes for high-grade spinal cord gliomas.
Although lower-grade tumors have a better prognosis, they can be
associated with significant morbidity due to the density of fiber
tracts in the spinal cord.>>**** The primary treatment modality
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for high-grade spinal gliomas is similar to intracranial glioblas-
toma, including surgery (maximizing the extent of resection when
safely possible), radiation therapy (RT), and chemotherapy
depending on the grade and extent of resection.®>"3™4

Because of the general rarity of these tumors, most studies are
limited to case reports and small case series. The objective of this
study is to report treatment methods and outcomes for patients
specifically with primary spinal cord astrocytomas treated at the
University of Virginia and Tufts Medical Center while also high-
lighting presenting symptoms and associated comorbid condi-
tions in this rare patient cohort.

MATERIALS AND METHODS

This is a retrospective analysis approved by the Institutional Re-
view Boards at University of Virginia and Tufts Medical Center.
Records were screened for all patients undergoing surgery for
spinal cord tumors with pathologically confirmed diagnosis of
glioma between 1997 and 2020. Cases were excluded if they had no
follow-up encounter after the date of last discharge, if the tumors
were related to drop metastasis from a primary intracranial lesion,
or if the pathology diagnosed nonglial tumors or ependymomas.
Baseline patient characteristics, treatment data, and outcomes
were collected for each patient. In particular, we recorded

preoperative and postoperative Karnofsky Performance Scale
(KPS) scores, presenting symptoms, type of surgery and number
of spinal levels affected, World Health Organization (WHO) grade,
postoperative complications (including thromboembolic events,
new neurologic deficits in hospital, fluid leaks, bacteremia/sepsis,
severe pain), length of hospital stay, disposition (home vs. reha-
bilitation facility), adjuvant therapies, final status of signs and
symptoms (symptoms worsened/improved/stable at the last
follow-up relative to presenting symptoms), need for spinal
instrumentation, recurrences, and mortality. Figures were gener-
ated in GraphPad Prism (GraphPad Software, San Diego, USA).

RESULTS

Twenty-four patients met inclusion criteria in the study. Baseline
characteristics can be found in Table 1. There were 7 patients in
WHO grade I, 6 in grade II, 7 in grade III, and 4 in grade IV.
Overall, the patients ranged in age from 3 to 8o years, and 13
(54.2%) were male. A notable past medical history for all
patients included scoliosis in 5 (20.8%) and neurofibromatosis
type I (NF1) in 2 (8%). In both NFr patients, the tumor
presented symptomatically and was not discovered incidentally
or with screening. Two patients were otherwise without exam
deficits at the time of surgery, both lesions having been

Table 1. Baseline Characteristics

Overall WHO Grade | WHO Grade Il WHO Grade llI WHO Grade IV
Characteristic (n = 24) (n=17) (n = 6) (n=17) (n = 4)
Age 339 £ 257 (3—80) 247 + 20 (4—61) 38.2 £ 37.1 (3—80) 36.3 £ 23.9 (9-70) 39.5 + 23.2 (19-66)
Number of Males, (%) 13/24 (54.2) 5/7 (71.4) 4/6 (66.7) 3/7 (42.9) 1/4 (25)
Past medical history, number (%)
Scoliosis 5/24 (20.8) 1/7 (14.3) 3/6 (50) 0 1/4 (25)
Neurofibromatosis type | 2/24 (0.08) 0 0 1/7 (14.3) 1/4 (25)

Preoperative KPS

Number of presenting
symptoms (%)

729 =+ 21.6 (30—100)

67.1 £ 22.9 (30—90)

90 + 8.9 (80—100)

68.6 + 21.2 (30—90)

65 + 26.5 (30—90)

Motor deficits 17/24 (70.8) 6/7 (85.7) 3/6 (50) 5/7 (71.4) 3/4 (75)
Sensory symptoms 12/24 (50) 3/7 (42.9) 3/6 (50) 4/7 (57.1) 2/4 (50)
Back pain 7/24 (29.2) 1/7 (14.3) 2/6 (33.3) 2/7 (28.6) 2/4 (50)
Bowel/bladder dysfunction 6/24 (25) 2/7 (28.6) 0 2/7 (28.6) 2/4 (50)
No symptoms 2/24 (8.3) 0 2/6 (33.3) 0 0
Number of tumor locations (%)
Cervicomedullary 2/24 (8.3) 1/7 (14.3) 0 1/7 (14.3) 0
Cervical 6/24 (25) 2/7 (28.6) 1/6 (16.7) 1/7 (14.3) 2/4 (50)
Thoracic 12/24 (50) 4/7 (57.1) 3/6 (50) 4/7 (57.1) 1/4 (25)
Thoracolumbar 4/24 (16.7) 0 2/6 (33.3) 1/7 (14.3) 1/4 (25)
Total follow-up, median 15 (0—214) 142 (1—204) 67.5 (1—147) 19 (1—214) 11 (0—17)

(range) (months)

All presented as “mean =+ standard deviation (range)” unless otherwise specified.

KPS, Karnofsky Performance Scale; WHO, World Health Organization.
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Table 2. Surgical Courses

OUTCOMES OF SPINAL ASTROCYTOMAS AFTER RESECTION

Overall WHO Grade | WHO Grade Il WHO Grade IlI WHO Grade IV
(n = 24) (n=17) (n = 6) (n=17) (n = 4)
Extent of resection, number (%)
STR 21/24 (87.5) 5/7 (711.4) 6/6 (100) 6/7 (85.7) 4/4.(100)
GTR 3/24 (12.5) 2/7 (28.6) 0 1/7 (14.3) 0
IDH mutation status, number (%)
Not tested 17/24 (70.8) 6/7 (85.7) 4/6 (66.7) 5/7 (71.4) 2/4 (50)
Wild type 7/24 (29.2) 1/7 (14.3) 2/6 (33.3) 2/7 (28.6) 2/4 (50)
Postoperative/hospital
complications, number (%)
DVT 2/24 (8.3) 1/7 (14.3) 1/6 (16.7) 0 0
PE 1/24 (4.2) 0 0 0 1/4 (25)
Any other complication 5/24 (20.8) 3/7 (42.9) 0 1/7 (14.3) 1/4 (25)
New neurologic deficit, number (%) 6/24 (25) 1/7 (14.3) 2/6 (33.3) 2/7 (28.6) 1/4 (25)
Length of stay (days), median (range) 6 (2—68) 7 (4—68) 45 (2—6) 6 (3—8) 11.5 (7—53)
Disposition, number (%)
Home 11/24 (45.8) 3/7 (42.9) 5/6 (83.3) 2/7 (28.6) 1/4 (25)
Rehabilitation facility 13/24 (54.2) 4/7 (57.1) 1/6 (16.7) 5/7 (71.4) 3/4 (75)
Adjuvant therapy
RT 4/24 (16.7) 0 2/6 (33.3) 2/7 (28.6) 0
Chemotherapy 5/24 (20.8) 2/7 (28.6) 1/6 (16.7) 1/7 (14.3) 1/4 (25)
RT + chemotherapy 6/24 (25) 0 0 4/7 (57.1) 3/4 (75)
None 9/24 (37.5) 5/7 (71.4) 3/6 (50) 1/7 (14.3) 0
All presented as “mean =+ standard deviation (range)” unless otherwise specified.
DVT, deep venous thrombosis; GTR, gross total resection; IDH, isocitrate dehydrogenase; PE, pulmonary embolism; RT, radiotherapy; STR, subtotal resection; WHO, World Health Organization.

discovered during magnetic resonance imaging for scoliosis
workup. The other patients presented with motor symptoms
(70.8%), sensory symptoms (50%), back pain (29.2%), and
bowel and/or bladder dysfunction (25%). The majority of tumors
were located in the thoracic spine and thoracolumbar junction
(16, 66.7%). Patients were followed for a median of 15 months
(range, 0—214). The tumors showed a proclivity for the thoracic
spine except in the WHO grade IV subgroup, in which 2 of 4
tumors occurred in the cervical spine.

Operative and hospital courses are detailed in Table 2. Gross
total resection (GTR) was determined intraoperatively and
confirmed by lack of residual lesion radiographically during
the postoperative period in 3 patients. Twenty-one remaining
patients (87.5%) had subtotal resection (STR). Thirteen (54.2%)
tumors were low-grade gliomas (WHO grade III), while 11
(45.8%) were high-grade gliomas (WHO grade IIIIV). Most of the
cases (17, 70.8%) were operated before isocitrate dehydrogenase
(IDH) testing became routine; the 7 (29.2%) who were tested
were IDH wild type (1 grade I, 2 grade II, 2 grade III, and 2 grade
IV). Eleven patients (45.8%) in total had complications, with 3 of
those including deep venous thrombosis (DVT) or pulmonary

embolism (PE). One PE occurred in a patient with wild-type
glioblastoma; one DVT occurred in a patient with worsened
postoperative weakness, as well as subdural fluid collections
managed conservatively with improvement, and another
occurred in a case with recurrence as diffuse leptomeningeal
glioneuronal tumor (DLGT; discussed later). Six (25%) devel-
oped new postoperative neurologic deficits. One patient had a
small fluid leak repaired with sutures, one developed pneu-
monia, one had pneumothorax, and one had cerebrospinal fluid
leak and urinary tract infection (UTI). There were no significant
differences between preoperative and postoperative KPS scores
when looking within each WHO group. The median hospital stay
was 6 days. A majority of patients (13, 54.2%) were discharged to
rehabilitation facilities. Eleven patients (45.8%) received post-
operative radiotherapy (2 grade II, 6 grade III, and 3 grade IV
tumors); 10 of these patients also received chemotherapy (x
grade II, 5 grade III, and 4 grade IV tumors). As expected,
adjuvant therapy was utilized in more high-grade lesions than in
low-grade lesions (2 of 7 grade I lesions and 3 of 6 grade II le-
sions received any adjuvant therapy, while all grade IIT and IV
tumors received adjuvant treatment).
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Table 3. Outcomes

WHO Grade | WHO Grade Il WHO Grade I WHO Grade IV
Overall (n = 24) n=17 (n = 6) n=17 (n=4)
Status of symptoms at the last
follow-up, number (%)
Improved KPS 10/24 (41.7) 5/7 (71.4) 3/6 (50) 2/7 (28.6) 0
Stable KPS 4/24 (16.7%) 1/7 (14.3) 1/6 (16.7) 1/7 (14.3) 1/4 (25)
Worsened KPS 10/24 (41.7) 1/7 (14.3) 2/6 (33.3) 4/7 (57.1) 3/4 (75)
KPS at the last follow-up 713 4+ 18.7 (30—100) 80 + 12.9 (60—100)  83.3 & 18.6 (50—100)  62.9 & 11.1 (50—80)  52.5 + 20.6 (30—70)
Recurrence or progression, 8/24 (33.3) 1/7 (14.3) 3/6 (50) 3/7 (42.9) 2/4 (50)
number (%)
Time to recurrence (months), 12 (1-125) 116 36 (6—125) 8 (1-12) 8.5 (3—14)
median (range)
Additional treatments for
recurrence, number (%)
RT + chemotherapy + surgery 1/24 (4.2) 0 1/6 (16.7) 0 0
Chemotherapy + surgery 1/24 (4.2) 1/6 (16.7) 0 0
RT + chemotherapy 1/24 (4.2) 0 0 1/7 (14.3) 0
Chemotherapy 3/24 (12.5) 0 1/6 (16.7) 1/7 (14.3) 1/4 (25)
Surgery 2/24 (8.3) 1/7 (14.3) 0 1/7 (14.3) 0
Required spinal fusion, 2/24 (8.3) 0 1/6 (16.7) 1/7 (14.3) 0
number (%)
Death during follow-up, 6/24 (25) 0 1/6 (16.7) 2/7 (28.6) 3/4 (75)
number (%)
Overall survival (months), 16.5 (0—214) 142 (1—204) 69 (2—147) 19 (1—-214) 12 (0—17)
median (range)
Age at death 57.8 +20.2 (21-79) 79 70 46.7 + 23.2 (21—66)
All presented as “mean =+ standard deviation (range)” unless otherwise specified.
KPS, Karnofsky Performance Scale; RT, radiotherapy; WHO, World Health Organization.

Outcomes are listed in Table 3. Preoperative and postoperative
KPS scores within each WHO grade did not appear markedly
different. Tumors recurred in 8 (33.3%) patients, and 6 patients
(25%) died; these patients were not always the same patients
with recurrent disease. There was 1 recurrence in WHO grade I
(116 months), 3 in grade II (median 36 months postoperatively),
3 in WHO grade III (median 8 months), and 2 recurrences in
WHO grade IV (median 8.5 months) (Figure 1A). There were no
deaths encountered in WHO grade I lesions, 1 in WHO grade II
(16.7 months), 2 in WHO grade III (median 6.5 months), and 3
in WHO grade IV (median 12 months) (Figure 1B). Some of the
deaths occurred due to poor overall functional status and
comorbid disease in the absence of radiographic progression.
The mean age of death in WHO grade IV tumors was
46.7 years, while 1 patient with grade II and 1 with grade II
died at ages 79 and 70, respectively. The OS in grade I, II, III,
and IV tumors was 142, 69, 19, and 12 months, respectively. All
recurrences occurred in subtotally resected tumors.

Perioperative characteristics of each individual patient are
shown in Table 4. After recurrence, combinations of repeat

surgery, RT, and chemotherapy were used. In one patient, a
grade II astrocytoma recurred 125 months after original surgery
as a DLGT. Another patient had recurrence of a grade III
anaplastic astrocytoma 8 months after surgery; because the
patient was fully paraplegic after recurrence, spinal cord
transection and subsequent GTR of the tumor were utilized, and
this patient remained free of disease 214 months after the
original surgery. Both of these patients required instrumentation
and fusion for spinal deformity at the level of surgery. Overall,
many patients had worse or new symptoms at the last follow-up
than at presentation (10, 41.7%); in one case, the tumor recur-
rence without symptoms was discovered on follow-up imaging.
Thromboembolic complications occurred in 2 true astrocytoma
cases (another occurred after the previously mentioned DLGT).

DISCUSSION

Spinal cord astrocytomas represent rare entities, and previous
experiences in the literature are more often relegated to case re-
ports and small case series. Here, we summarize our institutional
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Figure 1. Kaplan-Meier curves. (A) Progression-Free survival (PFS). (B) Overall survival (OS).

experience, existing studies, and current clinical recommenda-
tions for treatment.

WHO Grade I—Pilocytic Astrocytomas

In this cohort, 6 WHO grade I tumors had pilocytic histology; 1
was unspecified astrocytoma. Six presented with motor symp-
toms, 3 with sensory deficits, 1 with back pain, and 2 with bowel/
bladder dysfunction. All were treated upfront with surgery (2
achieved GTR), and 2 received adjuvant chemotherapy. Four pa-
tients required discharge to a rehabilitation facility. Postoperative

complications were relatively mild with only one patient being
diagnosed with a DVT, one with an easily corrected fluid leak, and
one with both a cerebrospinal fluid leak and UTI. Five patients had
symptomatic improvement, while 1 was stable and 1 worsened.
There were no recurrences or deaths, and none suffered from
mechanical spinal instability.

Pilocytic astrocytomas tend to have a greater incidence in
younger patients.”>" Outcomes are frequently better than those
for high-grade lesions. One recent series of 16 patients with spi-
nal cord pilocytic astrocytoma had a 37.5% recurrence rate during
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Table 4. Patient-Specific Perioperative Characteristics
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WHO Extent of Reason for the Extent Rationale for Other
Patient  Grade Resection of Resection Neuromonitoring Other Treatment Treatment Postoperative Course
1 3 Subtotal No distinct plane between tumor Loss of the SSEPs due to Radiotherapy Felt that chemotherapy Worsened with paraplegia,
and spinal cord; loss of SSEPs midline myelotomy would not be effective for needed spinal cord transection
residual tumor, radiotherapy after recurrence; required
given to improve survival. fusion for stability due to
extent of exposure during
transection
2 1 Gross N/A No changes in the SSEPs N/A Overall improvement with
chronic left extensor hallucis
longus
3 2 Subtotal No distinct plane Not used N/A Improved numbness
4 3 Subtotal After removal of significant Small changes in the MEPs Radiotherapy, chemotherapy Given highly infiltrative Worsening LUE weakness,
tumor, stopped after small (temozolomide) tumor, fractionated ambulatory problems;
changes occurred in motor radiotherapy offered. recurrence
evoked potentials Chemotherapy added for
additive survival benefit and
continued for salvage.
5 1 Gross N/A Some reduction in SSEPs N/A Improved with full strength in
and in left MEPs right lower extremity, residual
lower left extremity weakness
6 2 Subtotal Loss of the plane in the middle SSEPs lost early in Radiotherapy, chemotherapy Salvage therapy Worsened with coordination
of dissection dissection; loss of MEPs in (Temozolomide) issues and spasticity; tumor
lower extremities recurrence, repeat surgery
with fusion due to extend of
exposure
7 4 Subtotal (biopsy) ~ Tumor infiltrated the entire cord Used, SSEPs were lost; Radiotherapy, chemotherapy Infiltrating tumor, Worsened, BLE weakness and
including the dorsal columns, MEPs preserved (temozolomide) radiotherapy and decreased sensation;
only biopsy performed. chemotherapy as the only progression and death
options
8 2 Subtotal Tumor infiltrated the cord N/A N/A Stable symptoms; later
developed syrinx requiring
repeated drainage, eventual
syringopleural shunt
9 1 Subtotal A plane between the tumor and MEPs and SSEPs stable at N/A Improved, BLE spasticity;
cord could not be created. baseline with no changes required repeat surgery for
intraoperatively cyst/syrinx expansion
SSEP, somatosensory evoked potentials; MEP, motor evoked potentials; LUE, left upper extremity; BLE, bilateral lower extremities; OP, operative; RT, radiotherapy; CSF, cerebrospinal fluid; UTI, urinary tract infection.
Continues
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Table 4. Continued

Patient

WHO
Grade

Extent of
Resection

Reason for the Extent
of Resection

Neuromonitoring

Other Treatment

Rationale for Other
Treatment

Postoperative Course

10

1

12

13

14

15

16

17

3 Subtotal (biopsy)

Subtotal

Subtotal

2 Subtotal (biopsy)

Gross

Subtotal

3 Subtotal (biopsy)

Subtotal

A plane between the tumor and
cord could not be created, so
only a biopsy was performed.

A plane between the tumor and
normal spinal cord could not be
identified.

Tumor was highly invasive, and
only a biopsy was performed. A
plane between the tumor and
cord could not be identified.

Biopsy performed only due to
risk of neurologic deficits. Even
after only a biopsy,
neuromonitoring changes led to
stop

N/A

Lack of a plane between tumor
and cord

Biopsy only, no good plane
found, malignant tumor from the
frozen section, did not feel
should attempt to perform
resection

Cord extremely swollen and
difficult to develop a plane.

Stable throughout the case
(no motors in the lower
extremities).

Stable at baseline
throughout case

During dissection, the lower
extremity SSEP decreased to
<50% of baseline
recordings (but later
returned to >50%)

Loss of MEP in right lower
extremity. Motor signals
robust in all other muscle

groups.

Information about
neuromonitoring not
mentioned in chart or OP
note

No baseline
neuromonitoring signals, no
improvement in
neuromonitoring signals at
conclusion of the case.

None used.

SSEPs and MEPs used. No
SSEPs from lower extremity
since beginning. After
alloderm patch, change in
MEPs on right side,
reopened dura with no
evidence of hematoma

Radiotherapy, chemotherapy
(temozolomide)

Radiotherapy, chemotherapy
(temozolomide,
bevacizumab, panobinostat)

Radiotherapy, chemotherapy
(temozolomide)

Radiotherapy, chemotherapy
(temozolomide)

RT

Chemotherapy (Cytoxan,
vincristine, etoposide,
irinotecan)

Chemotherapy (unspecified)

Potential improvements in
overall survival.

To prolong survival; salvage
after recurrence.

To improve overall survival.

Tumor type relatively
resistant to temozolomide,
radiotherapy only adjuvantly.
Temozolomide added after
growth

Given aggressive nature of
diagnosis, felt that adjuvant
radiotherapy would improve
local tumor control and
potentially overall survival.

N/A

Survival benefit and tumor
control

Survival benefit and control
of tumor. Plan to defer
radiotherapy until no longer
surgically accessible.

Worsened with paraplegia
and continued loss of
sensation and bowel and
bladder dysfunction; death

Worsened with quadriparesis
right greater than left,
nonambulatory. Tumor

recurrence, death

Worsened with respiratory
failure; death

Worsened, weakness in all
extremities. Tumor growth and
death

Improved pain

Worsened, distal right lower
extremity greater than left
lower extremity weakness

Improved, continued loss of
sensation, possible
subjectively improved gait.
Tumor growth

Symptoms resolved; required
repeat surgery
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18

19

20

21

22

23

24

Subtotal

Subtotal

Subtotal

Subtotal (biopsy)

Subtotal

Subtotal (biopsy)

Subtotal

Debulked until tumor plane
indistinct.

Due to the nature of tumar,
stopped when the area well
decompressed

N/A

Biopsies performed, stopped
after diagnosis of high-grade
glioma

No good plane between cord
and tumor. Neuromonitoring
changes led to stop.

Biopsy, whole spinal cord
diffusely infiltrated

No clear plane of tumor, which

infiltrated the brainstem.

MEPs and SEPs used. Slight
shift in SSEPs on right side,
stopped shortly after

N/A

N/A

SSEP and MEPs used, good
in arms but none in legs at
baseline. Right lower
extremity SSEPs somewhat
improved throughout
myelotomy.

SSEPs and MEPs used.
While debulking the right
side, decreased SSEPs of
lower extremities and right

arm.

SSEPSs and MEPs used with
transient diminution of
SSEPs during intramedullary
biopsy

SSEPs and MEPs used.
Initial baseline SSEPs
slightly decreased in left
upper extremity and left
lower extremity.

Chemotherapy (carboplatin,
lomustine, procarbazine,
temozolomide, vincristine,
thioguanine)

Radiotherapy, chemotherapy
(temozolomide)

Radiotherapy, chemotherapy
(temozolomide)

Radiotherapy, chemotherapy
(temozolomide,
bevacizumab)

Radiotherapy

Chemotherapy (vincristine,
carboplatin)

Chemotherapy to prevent
progression of tumor after
noted growth

Radiotherapy for palliation,
chemotherapy for survival
benefit.

No mitosis and Ki-67
showed a low proliferation
index and therefore did not

require adjuvant therapy.

Started with focal
radiotherapy for symptoms,
added temozolomide for
survival.

For survival benefit and
edema.

Given size and expansile
nature of lesion, as well as
age and comorbidities
favored radiation therapy
only

Short-term progression
consistent with active
growth

Improved symptoms

Stable paraplegia, severe
pain; lost to follow-up

Improved, CSF leak, weakness,

UTI; required re-exploration
during postoperative months;
repeated surgery for
recurrence 116 months later

Worsening left-sided
weakness; death

Stable

Improved

Stable

SSEP, somatosensory evoked potentials; MEP, motor evoked potentials; LUE, left upper extremity; BLE, bilateral lower extremities; OP, operative; RT, radiotherapy; CSF, cerebrospinal fluid; UTI, urinary tract infection.
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a mean follow-up of 40.4 months. Two of the patients with
recurrence had STR, and 2 with GTR had genetic mutations (one
H3-K27 M and one NF-1). There were no deaths. The PFS was
19 months." Another study reported a 5-year survival of 85.4% and
a mean OS of 16 years.'® Reports for intracranial tumors suggest
that ATRX loss and NF-1 and H3-K27 M mutations are consid-
ered poor prognostic factors in pilocytic astrocytomas.”

Maximal surgical resection alone is the preferred treatment for
spinal cord pilocytic astrocytoma.”™"” RT is not currently sup-
ported in the treatment of these tumors, as the clinical course is a
typical one of slow growth or stability; in addition, re-resection is
generally the approach in recurrent tumors, and radiation changes
can complicate these approaches.>® While chemotherapy is
incompletely characterized, it is not routinely recommended for
this slow-growing lesion as the risks are likely to outweigh any
benefit.”®

WHO Grade Il Astrocytomas

Three of the 6 patients in this study with WHO grade II lesions
were histologically identified as diffuse astrocytoma at the time of
diagnosis (2 others were unspecified astrocytoma, 1 pleomorphic
xanthoastrocytoma). Two patients presented with low-back pain, 3
had motor symptoms, and 3 had sensory deficits, while 2 were
discovered during scoliosis evaluation. All were resected subto-
tally, 2 patients received adjuvant RT, and one patient received
adjuvant chemotherapy. Three of the patients had recurrence or
progression at a median of 36 months later. One patient died
16 months after surgery.

There is little information available in the literature regarding
outcomes for spinal cord astrocytomas which are histopathologi-
cally specified as the diffuse type; most are reported in groups of
low-grade (WHO grade III) gliomas.>™">° In a series that
included 14 patients with WHO grade II tumors, the mean OS was
7.61 years.™® Another series reported a median PFS of 23 months in
24 low-grade tumors treated with surgery and radiation.”” RT has
had mixed outcomes.”*"* Prognostic data are lacking for these
tumors in the spine, but in supratentorial grade II astrocytomas,
P53 mutations, age >4 years, size >6 cm, tumor crossing midline,
and preoperative neurologic deficit are poor prognostic factors.”

While surgery is a preferred first-line treatment for this tumor,
the use of adjuvant therapy is not well understood as sample sizes
remain small.”® Adjuvant RT may offer some benefit but may also
increase the risk of complications such as postoperative deformity
and dermatologic problems."*"** As such, it can be considered for
select cases (e.g., where resection is limited, older patients with a
lower risk of long-term radiation effects) but should not be
routinely employed for all grade II astrocytomas. Chemotherapy
has not demonstrated efficacy for these tumors consistently and is
currently not recommended for routine use in all cases.’®™®*'

WHO Grade Il—Pleomorphic Xanthoastrocytomas

One patient with a WHO grade II lesion had histopathology sus-
picious for pleomorphic xanthoastrocytoma in our series. This
patient presented with unilateral gastrocnemius atrophy and
bilateral lower extremity numbness. The lesion was subtotally
resected, and the patient was discharged to home with improve-
ment of numbness and no recurrence at 2-month follow-up.

The literature on spinal cord pleomorphic xanthoastrocytomas
is limited to case reports.>*” In these cases, the lesion was treated
with operative resection and adjuvant radiotherapy was only used
sporadically.® GTR tended to yield improved PES. In a review of
the literature, the PFS ranged from 7 to 24 months, and the OS
ranged from 6 to 62 months, with many patients remaining
alive at the time of publication.®

These tumors should be resected to the safest extent
possible.®*® Similar to diffuse astrocytomas, literature is mixed
on adjuvant RT with recommendations generally limited to
significant residual lesions, while chemotherapy results are
equivocal.*>*® Both may be employed as salvage therapy.>®*

WHO Grade Ill—Anaplastic Astrocytomas

Seven patients from our cohort had WHO grade III anaplastic
astrocytomas. One patient had a history of NF1. Motor deficits
occurred in 5 patients, sensory disturbances in 4, and back pain
and bowel/bladder dysfunction in 2 each. One patient had a GTR,
while the others underwent STRs. Two of these lesions were IDH
wild type, while the others were resected before testing was
routine. Five patients required discharge to rehabilitation, and 4
had worsened symptoms at the last follow-up, while 2 improved.
Two received adjuvant RT, 1 received adjuvant chemotherapy, and
4 received combination RT and chemotherapy. Three lesions
recurred; one of these was in a g-year-old patient with total leg
paresis treated with spinal cord transection above the lesion and
resulting GTR, without recurrence. One patient demonstrated
possible radiographic progression within a month after surgery
and was managed with previously planned adjuvant therapy (RT
and temozolomide), contributing to a lower PFS. While clinically
considered recurrence in this case, a radiographic recurrence event
within the month after surgery may also be due to evolution of
postoperative changes, and this case is likely an outlier. The last
patient was 10 years old and demonstrated radiographic progres-
sion 1 year after surgery with worsening symptoms and metastases
to the brain, with loss to follow-up after the last discharge date. Of
these, one patient developed a septic UTI 2 months after surgery,
declined further therapy, and died, which caused the lower OS in
this group.

In a series reporting outcomes for an individual group of
grade III tumors, the mean OS was 19.2 months, and the me-
dian OS ranges from 33.8 to 72 months.">*>3° Patients with
anaplastic astrocytomas typically receive adjuvant RT and
temozolomide, although specific chemotherapy protocols are
not generally agreed upon and other agents are sometimes
used.”**3" While data are limited for spinal cord tumors,
increasing age and tumors lacking IDH and TERT mutations
or 1p/19q codeletions had poorer OS for intracranial
high-grade tumors.>

Optimal operative resection and adjuvant chemoradiation are
the standard of treatment for WHO grade III spinal gliomas.
The chemotherapeutic agent utilized may differ based on mo-
lecular features of the tumor, but it generally consists of
temozolomide as is used for intracranial anaplastic astrocy-
tomas. Moreover, bevacizumab may also be used if the tumor
has associated swelling and peritumoral cysts to aid in symp-
tomatic management.
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WHO Grade IV—Glioblastomas

Four patients in our cohort were diagnosed with glioblastomas.
One had a history of NFr; 3 presented with motor symptoms,
while sensory disturbance, back pain, and bowel/bladder
dysfunction occurred in 2 patients each. All were subtotally
resected, and 3 patients required admission to rehabilitation fa-
cilities. Three received adjuvant RT and temozolomide, while one
only received chemotherapy. One patient with glioblastoma died
less than a month after discharge due to respiratory failure, which
is the reason the WHO grade IV group only had 2 instances of true
radiographic recurrence. Three patients who were tracked died
during follow-up at a median of 12 months. One patient was lost
to follow-up after 12 months without any death or survival data
recorded thereafter.

The median OS for this tumor is dismal across the literature,
ranging from ¢ to 32.5 months after diagnosis.**** Similar to
intracranial glioblastoma, these tumors are often treated with
optimal operative resection and chemoradiation.”>7**9:2*3%:33:34
Radiation is most frequently utilized on residual tumors and is
usually still implemented for high-grade lesions where GTR is
achieved; it has been associated with improved outcomes in some
series.*">">** Chemotherapy with temozolomide is also utilized as
data have suggested it may provide modest benefit.>*>” Bev-
acizumab is another agent that has been employed in tumors with
prominent cystic elements.’3"'+3° Poor prognostic factors in spinal
tumors include cervical location, out-of-field leptomeningeal
seeding after RT, and worse preoperative functional status, while
for intracranial tumors, worse prognosis has been noted for a
lower extent of resection and for IDH wild-type tumors and those
lacking TERT mutations or 1p/19q codeletions.”"*"***3*

Patients with intracranial glioblastomas are at risk of developing
thromboembolism such as DVT or PE; this occurs between 3% and
60% of cases.>® It has previously been noted that IDH wild-type
gliomas have a higher DVT risk than IDH-mutant tumors.> It is
unclear whether this association holds true for gliomas in the
spinal cord. One study noted the death of a patient from PE
2 months after surgery for a low-grade glioma, while another
noted 2 pulmonary embolus deaths in the weeks following surgery
(although the tumor grades in these patients were not re-
ported).”*° One of 4 patients in our cohort with glioblastomas
(25%) ultimately experienced one of these events. In addition to
IDH status, tumors in general (and especially high-grade gli-
omas) in the spinal cord naturally cause weakness and subsequent
declines in patient functional status, facilitating thromboembolic
events related to immobility. Although the sample size is small,
these results should turn the clinician’s attention to a possible
heightened risk of thrombotic events in patients with spinal cord
gliomas in a similar manner to intracranial gliomas.

The current clinical recommendation for these lesions is
maximal surgery with adjuvant chemoradiation. As in WHO grade
III lesions, bevacizumab may be considered if there is significant
swelling and/or a peritumoral cystic component to the lesion.
Significant predictors of PFS and functional outcomes include
extent of resection, histopathology, age, and preoperative func-
tional status.*® Recent work has begun the process of predicting

survival with risk models, to which results from our study and
future research will add statistical power.*'

Limitations

Although a multicenter effort was undertaken, this is still a small
cohort of rare tumors. In addition to the small sample size, the
retrospective study design can introduce bias along the course of
study from inconsistent patient care documentation to data
collection and analysis. The recommendations provided here uti-
lize existing literature and our institutional experiences since
randomized trials are not available, as well as treatment paradigms
for these tumors’ intracranial counterparts as well. This case series
illustrates the symptomatic profile, outcomes, and treatment ex-
periences for our patients who underwent treatment for spinal
cord gliomas. Systematic reviews and meta-analyses will likely be
required to attain larger sample sizes, and these future studies
may take advantage of this cohort and similar studies in the
literature.

CONCLUSION

Spinal cord gliomas have often been treated in a similar manner to
intracranial gliomas, although different neurologic, functional,
and surgical considerations play a role due to the differences in
surrounding anatomy. Functional outcomes remain a challenge in
this patient cohort due to the high density of critical structures
disrupted within the spinal cord, and patients frequently require
both inpatient and outpatient rehabilitation. Patients with spinal
cord glioblastomas may have a heightened risk of developing
thromboembolic events as intracranial glioblastomas do, but a
larger cohort would be required to confirm this. As spinal cord
gliomas represent an entity that is rarely encountered by neuro-
surgeons, there is a need to meticulously document clinical out-
comes and histological findings as one cannot always assume that
they behave similarly to gliomas found intracranially.

CRediT AUTHORSHIP CONTRIBUTION STATEMENT

M. Harrison Snyder: Conceptualization, Data curation, Formal
analysis, Investigation, Methodology, Project administration,
Writing — original draft, Writing — review & editing. Andy Yu-Der
Wang: Data curation, Methodology, Writing — original draft,
Writing — review & editing. Leonel Ampie: Conceptualization,
Data curation, Writing — review & editing. Danyas Sarathy: Data
curation, Writing — review & editing. Ajay Chatrath: Data cura-
tion, Writing — review & editing. Ashok R. Asthagiri: Supervision,
Writing — review & editing. Christopher 1. Shaffrey: Supervision,
Writing — review & editing. Justin S. Smith: Supervision, Writing
— review & editing. Mark E. Shaffrey: Supervision, Writing —
review & editing. Chun-Po Yen: Supervision, Writing — review &
editing. Avery L. Buchholz: Supervision, Writing — review &
editing. Hasan R. Syed: Supervision, Writing — review & editing.
James Kryzanski: Supervision, Writing — review & editing. Julian
K. Wu: Supervision, Writing — review & editing. Carl B. Heilman:
Supervision, Writing — review & editing.

WORLD NEUROSURGERY 167: E1006-E1016, Novemeer 2022

WWW.JOURNALS.ELSEVIER.COM/WORLD-NEUROSURGERY E1T015



M.

HARRISON SNYDER ET AL.

ORIGINAL ARTICLE

OUTCOMES OF SPINAL ASTROCYTOMAS AFTER RESECTION

REFERENCES

I.

10.

II.

I2.

13.

14.

15.

Ahmed R, Menezes AH, Awe OO, Mahaney KB,
Torner JC, Weinstein SL. Long-term incidence
and risk factors for development of spinal defor-
mity following resection of pediatric intra-
medullary spinal cord tumors. ] Neurosurg Pediatr.
2014;13:613-621.

. Carey SS, Sadighi Z, Wu S, et al. Evaluating pe-

diatric spinal low-grade gliomas: a 30-year retro-
spective analysis. ] Neurooncol. 2019;145:519-529.

. Constantini S, Miller DC, Allen JC, Rorke LB,

Freed D, Epstein FJ. Radical excision of intra-
medullary spinal cord tumors: surgical morbidity
and long-term follow-up evaluation in 164 chil-
dren and young adults. ] Neurosurg Spine. 2000;93:

183-193.

Kahn J, Loeffler JS, Niemierko A, Chiocca EA,
Batchelor T, Chakravarti A. Long-term outcomes
of patients with spinal cord gliomas treated by
modern Conformal radiation Techniques. Int ]
Radiat Oncology*Biology*Physics. 2011;81:232-238.

. Kim MS, Chung CK, Choe G, Kim IH, Kim HJ.

Intramedullary spinal cord astrocytoma in adults:
postoperative outcome. ] Neurooncol. 2001;52:

85-94.

. Wolff B, Ng A, Roth D, et al. Pediatric high grade

glioma of the spinal cord: results of the HIT-GBM
database. ] Neurooncol. 2012;107:139-140.

. Henson JW. Spinal cord gliomas. Curr Opin Neurol.

2001;14:679-682.

. Wright JM, Wright CH, Cioffi G, et al. Survival in

patients with high-grade spinal Meningioma: an
analysis of the National Cancer database. World
Neurosurg. 2019;129:€749-€753.

. Louis DN, Perry A, Reifenberger G, et al. The 2016

World Health Organization classification of tu-
mors of the Central Nervous System: a summary.
Acta Neuropathol. 2016;131:803-820.

Alvi MA, Ida CM, Paolini MA, et al. Spinal cord
high-grade infiltrating gliomas in adults: clinico-
pathological and molecular evaluation. Mod
Pathol. 2019;32:1236-1243.

Choi SH, Yoon HI, Yi S, et al. Treatment outcomes
of radiotherapy for primary spinal cord glioma.
Strahlenther Onkol. 2019;195:164-174.

Liu J, Zheng M, Yang W, Lo S, fu L, Huang J.
Impact of surgery and radiation therapy on spinal
high-grade gliomas: a population-based study.
J Neurooncol. 2018;139:609-616.

Abd-El-Barr MM, Huang KT, Chi JH. Infiltrating
spinal cord astrocytomas: Epidemiology, diag-
nosis, treatments and future directions. ] Clin
Neurosci. 2016;29:15-20.

Levenbaum E, Ellika S, Korones DN. Bevacizumab
in treating the cystic components of pediatric low-
grade gliomas: a report of four patients. Pediatr
Blood Cancer. 2019;66:e27917.

Jiang Y, Lv L, Yin S, Zhou P, Jiang S. Primary
spinal pilocytic astrocytoma: clinical study with

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

20.

27.

28.

29.

30.

long-term follow-up in 16 patients and a literature
review. Neurosurg Rev. 2020;43:719-727.

Fakhreddine MH, Mahajan A, Penas-Prado M,
et al. Treatment, prognostic factors, and out-
comes in spinal cord astrocytomas. Neuro Oncol.
2013;15:400-412.

Nakamura M, Chiba K, Ishii K, et al. Surgical
outcomes of spinal cord astrocytomas. Spinal Cord.

2006344:740-745.

Alizada O, Kemerdere R, Ulu MO, et al. Surgical
management of spinal intramedullary tumors:
Ten-year experience in a single institution. J Clin
Neurosci. 2020;73:201-208.

Guidetti B, Mercuri S, Vagnozzi R. Long-term
results of the surgical treatment of 129 intra-
medullary spinal gliomas. ] Neurosurg. 1981;54:
323-330.

Epstein FJ, Farmer JP, Freed D. Adult intra-
medullary astrocytomas of the spinal cord.

J Neurosurg. 1992;77:355-359.

Guss ZD, Moningi S, Jallo GI, Cohen K],
Wharam MD, Terezakis SA. Management of pe-
diatric spinal cord astrocytomas: outcomes with
adjuvant radiation. Int J Radiat Oncol Biol Phys. 2013;
85:1307-1311.

Babu R, Karikari IO, Owens TR, Bagley CA. Spinal
cord astrocytomas: a modern 20-year experience
at a single institution. Spine. 2014;39:533-540.

Bostrom A, Kanther NC, Grote A, Bostrém J.
Management and outcome in adult intramedullary
spinal cord tumours: a 20-year single institution
experience. BMC Res Notes. 2014;7.

Hamilton KR, Lee SS, Urquhart JC, Jonker BP.
A systematic review of outcome in intramedullary
ependymoma and astrocytoma. ] Clin Neurosci.
2019;63:168-175.

Ajlan A, Recht L. Supratentorial low-grade diffuse
astrocytoma: medical management. Semin Oncol.
2014;41:446-457.

Hong CS, Wang JL, Dornbos D, Joehlin-Price A,
Elder JB. BRAF-mutated pleomorphic xanthoas-
trocytoma of the spinal cord with Eventual
anaplastic Transformation. World Neurosurg. 2017;
98, 871.€9-871.€15.

Nakamura M, Chiba K, Matsumoto M, Ikeda E,
Toyama Y. Pleomorphic xanthoastrocytoma of the
spinal cord: case report. ] Neurosurg Spine. 2000;5:

72775-

Shaikh N, Brahmbhatt N, Kruser TJ, et al. Pleo-
morphic xanthoastrocytoma: a brief review. CNS
Oncol. 2019;8:CNS39.

McGirt M]J, Goldstein IM, Chaichana KL,
Tobias ME, Kothbauer KF, Jallo GI. Extent of
surgical resection of malignant astrocytomas of
the spinal cord: outcome analysis of 35 patients.
Neurosurgery. 2008;63:55-60 [discussion 60-61].

Raco A, Piccirilli M, Landi A, Lenzi J, Delfini R,
Cantore G. High-grade intramedullary astrocy-
tomas: 30 years’ experience at the Neurosurgery

31

32.

33

34.

35-

36.

37-

38.

39-

40.

41.

Department of the University of Rome “Sapienza”:
clinical article. ] Neurosurg Spine. 2010;12:144-153.

Grimm SA, Chamberlain MC. Anaplastic astrocy-
toma. CNS Oncol. 2016;5:145-157.

Eckel-Passow JE, Lachance DH, Molinaro AM,
et al. Glioma groups based on 1p/19q, IDH, and
TERT Promoter mutations in tumors. Available at:
http://www.nejm.org/doi/10.1056/NEJMoar4o7
270; 2015. Accessed October 13, 2020.

Behmanesh B, Setzer M, Konczalla J, et al. Man-
agement of patients with primary intramedullary
spinal cord glioblastoma. World Neurosurg. 2017;98:
198-202.

Yanamadala V, Koffie RM, Shankar GM, et al.
Spinal cord glioblastoma: 25years of experience
from a single institution. ] Clin Neurosci. 2016;27:
138-141.

Chamberlain MC. Temozolomide for recurrent
low-grade spinal cord gliomas in adults. Cancer.
2008;113:1019-1024.

Kaley TJ, Mondesire-Crump I, Gavrilovic IT.
Temozolomide or bevacizumab for spinal cord
high-grade gliomas. ] Neurooncol. 2012;109:

385-389.

Kim WH, Kim WH, Yoon SH, et al. Temozolo-
mide for malignant primary spinal cord glioma:
an experience of six cases and a literature review.
J Neurooncol. 2011;101:247-254.

Edwin NC, Khoury MN, Sohal D, McCrae KR,
Ahluwalia MS, Khorana AA. Recurrent venous
thromboembolism in glioblastoma. Thromb Res.
2016;137:184-188.

Unruh D, Schwarze SR, Khoury L, et al. Mutant
IDH1 and thrombosis in gliomas. Acta Neuropathol.
2016;132:917-930.

Samuel N, Tetreault L, Santaguida C, et al. Clin-
ical and pathological outcomes after resection of
intramedullary spinal cord tumors: a single-
institution case series. Neurosurg Focus. 2016;41:E8.

Yuan C, Yao Q, Cheng L, et al. Prognostic factors
and nomogram prediction of survival probability
in primary spinal cord astrocytoma patients.
J Neurosurg Spine. 2021;35:651-662.

Conflict of interest statement: The authors declare that the
article content was composed in the absence of any
commercial or financial relationships that could be construed
as a potential conflict of interest.

Received 18 August 2022; accepted 27 August 2022

Citation: World Neurosurg. (2022) 167:¢1006-e1016.
https.//doi.org/10.1016/j.wneu.2022.08.130

Journal homepage: www.journals.elsevier.com/world-
neurosurgery

Available online: www.sciencedirect.com

1878-8750/% - see front matter © 2022 Elsevier Inc. All
rights reserved.

E1016

WWW.SCIENCEDIRECT.coM

WORLD NEUROSURGERY, HTTPS://DOI.ORG/10.1016/4.WwNEU.2022.08.130



