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STUDY DESIGN: Retrospective cohort study.

OBJECTIVES: Although intramedullary astrocytoma is associated with a high mortality rate, the optimal treatment has not reached
a consensus. This study aimed at evaluating neurologic function and overall survival rate (OSR) in the treatment of this tumor.

SETTING: The single institution in Japan.

METHODS: This study enrolled 67 subjects who underwent surgical treatment for intramedullary astrocytoma. Demographic,
imaging, and surgical information were collected from each participant. Tumors were histologically categorized using the World
Health Organization classification, and subjects were divided into low-grade (I and II; n = 40) and high-grade (lll and IV; n = 27)
groups. Neurologic status was evaluated using the modified McCormick scale (MMS). OSR was assessed using Kaplan-Meier

methods.

RESULTS: The OSR decreased when the pathological grade increased (p < 0.01). Regarding the therapeutic efficacy for low-grade
astrocytomas, subjects who underwent gross total resection (GTR) showed a higher OSR than those who did not (p = 0.02). GTR
prevented worsening of MMS score, while non-GTR increased the MMS score (p < 0.01). In the high-grade group, 19 and 10
underwent radiation therapy and chemotherapy, respectively. However, both treatments did not improve OSR. Cordotomy was
performed for subjects whose lesional area was at the thoracic level, but the OSR did not significantly increase.

CONCLUSIONS: The most beneficial therapeutic strategy for low-grade astrocytomas was GTR, whereas that for the high-grade
tumors was unclear. Further studies with a larger sample size are warranted to validate the effective treatment for malignant

astrocytomas.
Spinal Cord; https://doi.org/10.1038/s41393-021-00676-8

INTRODUCTION

Intramedullary astrocytoma is quite rare, accounting for 6-8% of
spinal cord tumors [1, 2]. Astrocytoma is the second most common
intramedullary tumor, following ependymoma [2, 3]. The average
age at diagnosis was 30 years, and it was more common in men
[1, 4-6]. Although low-grade malignant tumors such as pilocytic
astrocytoma are associated with relatively high survival rates of
about 80% at 10 years and a higher malignancy grade, the survival
rate decreases substantially to 0-20% [1, 5, 7-10].

Previous studies have evaluated various effective therapies for
spinal cord astrocytomas, but the optimal treatment has not
reached a consensus. Particularly, the efficacy of surgical resection
is highly controversial. Several studies have shown that gross total
resection (GTR) prolongs survival and reduces the recurrence rate
[4, 5, 11-14], whereas others have reported that adjuvant radiation
therapy after biopsy leads to better survival than the more
invasive surgical resection [1, 15, 16]. The discrepancy could
be attributed to the limited number of studied subjects due to the

rarity of this tumor. Furthermore, most studies combined both
high- and low-grade gliomas in analyzing clinical outcomes,
triggering a controversial discussion on the optimal treatment for
intramedullary astrocytomas.

Spinal cordotomy or cordectomy is a surgical option for
preventing rostral progression of malignant astrocytomas at the
thoracic level. In the absence of a beneficial therapy for high-
grade malignant tumors, attention has been paid to this
procedure as a backstop measure [17, 18]. To minimize the
surgical invasiveness and risk of tumor dissemination through the
cerebrospinal fluid, we have adopted cordotomy for malignant
tumors [18]. However, the efficacy of this approach remains
elusive due to insufficient comparative studies.

This study aimed at analyzing predictors for tumor-related
death in spinal cord astrocytomas and evaluating the impact of
therapeutic effects on overall survival rate (OSR) and neurologic
function based on explicit treatment indication via pathological
lesional grades.
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Table 1. Demographic characteristics, clinical conditions, and
pathological diagnoses of 67 patients with intramedullary
astrocytomas.

Variable mean or percentage

Age at surgery (years) 40.8+18.6
Sex (% male) 56.7
Duration of symptoms (months) 14.0 +19.1
Location (% thoracic spine) 58.2
Tumor size (number of vertebrae) 3.6+25
WHO grades (%)

| 35.8

Il 23.9

I 20.9

\% 19.4
Follow-up period (months) 59.9 + 54.1

WHO World Health Organization.

METHODS

Study design and subjects

This is a single-center retrospective study. Overall, 74 subjects underwent
surgical treatment for spinal cord astrocytomas between 1977 and 2019.
Among the 74 patients, this study focused on the 67 cases that were
treated after 1990, at which time motor-evoked potential (MEP)
intraoperative neurophysiological monitoring was introduced. Extensive
data, including demographic information, medical history, symptomology,
imaging findings, and surgery, were collected for each participant. Tumor
size was defined as the range of spinal vertebrae according to
intramedullary lesional spread using the sagittal plane of magnetic
resonance imaging (MRI). To obtain an adequate number of subjects with
this rare tumor, the current study included subjects who were participants
in our previously published studies [5, 18]. Tumors were histologically
categorized using the 2016 World Health Organization (WHO) classification
from grade | to IV [19]. Neurologic status was evaluated using the modified
McCormick scale (MMS) [20].

Therapeutic indication

GTR, subtotal resection (STR), and biopsy were defined as resection of
290%, =50% and <90%, and <50% of tumor volumes, respectively [21]. If
the tumor was identified as low-grade glioma (WHO grades | and II) in
prompt pathological diagnosis during the surgery, GTR was performed.
When cases ended with STR or biopsy, postoperative radiation therapy was
performed based on patients’ consents. In patients whose diagnosis was
grade Il or IV gliomas, the surgical resection was limited to biopsy or STR,
and additional adjuvant therapy was postoperatively performed. None of
the cases underwent duroplasty.

During the surgical resection, we temporarily suspended the surgery
when MEPs were attenuated; if the potentials decreased in almost all the
monitored muscles, we evacuated the whole tumor, even at the partial
resection state.

If the pathological results showed high-grade malignancy (WHO grades
Il and 1V) at the thoracic level, cordotomy was performed from 2003 to
prevent rostral tumor progression. Cordotomy was conducted at the upper
thoracic level to prevent neurologic deficits in the upper extremities [18].

Statistical analyses

Means + standard deviations were used to describe continuous variables,
and percentages were used to summarize categorical variables in the
analyses of predictors for tumor-related death, which was defined as death
caused by tumor enlargement or dissemination. Age at surgery, sex,
symptom duration, and tumor location, and size were compared between
the groups using unpaired t-test for continuous variables and chi-square
test for categorical variables. In the survival rate analysis, survival curves
were drawn using Kaplan-Meier methods. Potentially significant survival
differences were assessed using the log-rank test. Paired t-test was used to
evaluate the effect size using the MMS pre- and postoperatively. All
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Table 2. Comparison of demographic characteristics and imaging
findings between patients with tumor-related death and others.

Tumor-related Others® P-value

death (n = 34) (n=33)
Age at surgery (years) 44.2 +20.1 374+16.5 0.14
Sex (% male) 61.8 51.5 0.40

Duration of symptoms 19.9+228 44.8 +199.9 0.47
(months)

Location (% 67.6 51.5 0.18
thoracic spine)

Tumor size (number of 35+19 3.6+29 0.98

vertebrae)

?Others included patients who were alive during the observational period
or died due to causes unrelated to the tumor.
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= Grade | (n=24)
S
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S
’ Grade Il (n=16)
02l 0 s +
Grade lll (n=14)

Grade IV (n=13)
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Observational period (months)

Fig. 1 Overall survival rates according to pathological grade.

statistical analyses were performed using SPSS version 26.0 (SPSS Inc.,
Chicago, IL). A P-value of <0.05 was considered statistically significant.

RESULTS
Participants
Table 1 summarizes the demographics of 67 patients, which
included 38 men (56.7%) and 29 women (43.3%) aged 40.8 + 18.6
years on average (range: 3-84). The average symptom duration
was 14.0+19.1 months (range: 1.0-123.2). The tumor locations
were the cervical spinal level in 28 patients (41.8%) and the
thoracic level in 39 (58.2%). The tumor range was 3.6 = 2.5 spinal
vertebrae in sagittal MRI (range: 1-18). WHO classification showed
that 24 cases (35.8%) were diagnosed as grade |, 16 (23.9%) as
grade I, 14 (20.9%) as grade lll, and 13 (19.4%) as grade IV. The
number of patients who had tumor-related death was 34 (50.7%).
There were four patients with regrowth of the residual tumor after
partial resection who died because of paralysis progression and
subsequent respiratory failure. The other 33 patients (49.3%) were
alive during the follow-up period or died due to causes not related
to the tumor. The average follow-up duration was 59.9 +
54.1 months (range: 0.5-210.0), including cases of mortality.
Regarding clinical predictors of tumor-related death, age (p =
0.14), sex (p = 0.40), symptom duration prior to surgery (p = 0.47),
and tumor location (p=0.18) and size (p=0.98) were not
significant prognostic factors (Table 2). Differences in the OSR
between the cervical and thoracic spinal levels were not
statistically significant (p = 0.70). However, OSR presented worse
outcomes as the WHO grade increased (p < 0.01) (Fig. 1).

Outcomes of survival rate and neurologic function in low-
grade astrocytomas

In patients diagnosed with low-grade astrocytomas during the
surgery, 18 underwent GTR, while 16 and 6 underwent STR and
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Fig. 2 Therapeutic outcomes in subjects with low-grade astro-
cytomas. A Overall survival rates after surgical procedures. B
Changes in the Modified McCormick Scale preoperatively and at
the final follow-up in the group who underwent or did not undergo
gross total resection. C Impact of radiation therapy on overall
survival rates for subjects who were treated with STR or biopsy.

biopsy, respectively. We only went as far as performing a biopsy in
6 patients because there was a significant reduction in the MEP
readings in two patients intraoperatively; and the other four
patients were operated on prior to the year 2000 when we lacked
consensus on the management of the tumor. OSR was
significantly improved when GTR was performed compared to
STR or biopsy (p =0.02) (Fig. 2A). Regarding neurologic assess-
ment, patients who underwent GTR did not show a significant
deterioration in MMS during the follow-up period (2.3 +£0.8 to 2.6
+0.8; p = 0.36) (Fig. 2B). However, patients who underwent STR or
biopsy presented significantly worse MMS (2.2+0.7 to 3.3+ 1.1;
p <0.01).
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Fig. 3 Therapeutic outcomes in subjects with high-grade astro-
cytomas. Overall survival rates after radiation therapy (A), che-
motherapy (B), and cordotomy (C).

Of the 22 patients with STR or biopsy, 17 received additional
radiation therapy. The average radiation dose was 47.1 +3.2 Gy
(range: 40.0-50.0). However, this adjuvant therapy did not exert a
beneficial effect on the OSR (p =0.26) (Fig. 2C). Among the 22
patients, two showed tumor regrowth due to malignant
transformation and were pathologically diagnosed with pilocytic
astrocytoma with anaplastic features following the second
surgery.

Outcomes of survival rate in high-grade astrocytomas
Overall, 27 patients had high-grade astrocytomas, and 18 and 9
patients underwent STR and biopsy, respectively. Of these
patients, 19 underwent radiation therapy, with an average dose
of 47.6 £ 3.3 Gy (range: 40.0-50.4). However, OSR did not show a
significant increase in these patients (p = 0.98) (Fig. 3A).
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Fig. 4 A case of pilocytic astrocytoma (WHO grade I). A Preoperative T2-weighted MRI and

S

7y
(B) T1-weighted MRI with gadolinium

enhancement presented intramedullary tumor at the thoracic spinal levels. C, D Pathological findings show densely fibrillary areas composed
of bipolar cells with Rosenthal fibers (C), and GFAP-positive area (D). E T2-weighted MRI and (F) T1-weighted MRI with gadolinium
enhancement shows no tumor recurrence 5 years after surgical resection.

Fig. 5 A case of diffuse astrocytomas (WHO grade Il). A Preoperative T2-weighted MRI and

(B) T1-weighted MRI with gadolinium

enhancement present intramedullary tumor at the cervicothoracic spinal levels. C, D Operative findings. The tumor was exposed on
myelotomy via the posterior median sulcus and adhered to the cord parenchyma (C). The tumor was debulked using a Cavitron Ultrasonic
Surgical Aspirator (Integra Life Sciences Corp., Plainsboro, NJ, USA) (D). E, F Pathological findings show moderately increased cellularity with
mild nuclear atypia (E) and present a broad GFAP-positive area (F). G Postoperative T2-weighted MRI. The tumor remained at the rostral part
(an arrow). H T2-weighted MRI 9y postoperatively. The remnant tumor proliferated.

Ten patients received chemotherapy postoperatively. Temozo-
lomide was administered in all patients, and two patients
additionally received bevacizumab after temozolomide. However,
these chemotherapies did not show favorable life extension for
patients with high-grade astrocytomas (p = 0.24) (Fig. 3B).

Ten patients who had lesions at the thoracic level underwent
cordotomy after the biopsy. This procedure preserved the residual
neurologic function for all ten patients. However, they did not
have an improvement in life prognosis compared with those who
did not undergo cordotomy (n = 5) (p = 0.43) (Fig. 3C). Eight of the
ten patients died, and the causes of death were tumor
dissemination to the brain or cervical spinal cord in four patients,
lung metastasis in three, and intestinal obstruction in one.

REPRESENTATIVE CASES

Case 1

A 68-year-old woman visited our hospital because of muscle
weakness in her lower extremities. MRI showed an intramedullary
tumor from Th8 to Th10 (Fig. 4A, B). A surgical procedure was
performed for this patient, and GTR was achieved. The pathological
diagnosis was pilocytic astrocytoma (WHO grade 1) (Fig. 4C, D).
After 5 years from the surgery, there was no finding of tumor
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recurrence (Fig. 4E, F). The patient was in good condition and could
walk using a cane.

Case 2

A 60-year-old man complained of gait disturbance and was
referred to our hospital. MRI showed an intramedullary tumor at
the spinal levels from C7 to Th3 (Fig. 5A, B). Although surgical
treatment was performed, the border between the tumor and
cord parenchyma was unclear, and MEPs were attenuated
intraoperatively (Fig. 5C, D). The pathological diagnosis was
diffuse astrocytoma (WHO grade Il) (Fig. 5E, F). The surgery ended
with STR, and the remnant tumor persisted at the rostral part
(Fig. 5G). Adjuvant radiological therapy was performed; however,
the tumor proliferated gradually over time. After 9 years from the
surgery, the patient was alive and could walk using a cane
(Fig. 5H).

DISCUSSION

This study presented the clinical outcomes of the treatment of
intramedullary astrocytomas. In patients with low-grade astro-
cytomas, GTR resulted in a significantly better survival rate and
prevention of neurologic deterioration during the follow-up
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period. However, in non-GTR, radiation therapy did not contribute
to life extension, and neurologic dysfunction progressed com-
pared to the preoperative status. Regarding high-grade astro-
cytomas, none of the treatments showed efficacy for increasing
the survival rate, although adjuvant therapy and cordotomy were
performed. Thus, GTR should be performed for low-grade
astrocytomas, while further therapeutic development is necessary
for high-grade lesions.

As shown in our results, total resection of low-grade astro-
cytomas led to a favorable survival rate. Consistently, Zhang et al.
reported a positive correlation of high resection volume with
better survival rate in patients with low-grade spinal cord
astrocytomas [21]. This trend was corroborated even when
focusing on children with low-grade gliomas; the five-year
progression-free survival rate was 88% in patients who underwent
GTR but decreased to 34% in those who received other therapies
[12]. Regarding postoperative neurologic function, in our study,
patients who underwent GTR did not show significant functional
deterioration and retained their neurologic status. However, in
their study targeting children, Scheinemann et al. reported that
52% of patients with low-grade glioma showed neurologic
sequelae postoperatively [12]. Since radical surgical resection
potentially results in functional deterioration in return for survival
improvement, a careful and safe surgical technique is still required
to prevent postoperative neurologic dysfunction.

In contrast to the favorable outcomes for low-grade astro-
cytomas after GTR, survival prognosis was not significantly
improved unless total resection was performed. Similar results
were observed in other studies, which demonstrated that partial
resection was related to a worse prognosis [12, 21-24]. Further-
more, our study demonstrated that neurologic function became
worse at the final follow-up in the group that did not undergo GTR.
The cause for this neurologic deterioration could be an intrao-
perative excessive invasion, which was identified by a decrease or
disappearance of MEP waveforms, resulting in surgical cessation
and insufficient resection volume. Another possibility was exacer-
bated compression from the inner side of the spinal cord by a
proliferation of remnant tumors during the observation period. The
postoperative neurological function is directly linked to the survival
rate [25, 26]; therefore, GTR should be the aim in all cases for
improving patient prognosis.

When ended to partial resection at initial surgery; however, one
solution could be performing two-stage surgery to accomplish
GTR [27, 28]. According to previous studies, myelotomy and partial
resection were performed at the initial surgery, and this procedure
led to extrusion of remnant intramedullary astrocytomas, owing to
intraparenchymal pressure. After a few weeks, the second surgery
was performed, and the extruded tumor was better defined from
the adjacent spinal cord, which allowed complete tumorectomy
without neurologic deficits. Because this approach was recom-
mended especially for low-grade astrocytomas [27], the surgeon
has an option to perform two-stage surgery to achieve GTR
without neurologic injury and obtaining informed consent on this
procedure from the patient before surgery would be better.

For high-grade malignant astrocytomas, determining and
performing the optimal treatment is still a challenge. These
tumors tend to infiltrate the spinal cord tissue; therefore, GTR is
rarely possible [11, 29, 30]. Therefore, in patients who had lesions
at the thoracic spinal levels, we have adopted cordotomy for
malignant astrocytomas [18]. Although 2 of the 10 patients who
underwent cordotomy survived, there was no significant improve-
ment in prognosis compared with that in those who did not
undergo cordotomy (Fig. 3C). The possible cause of the negative
outcome was the dissemination that occurred during biopsy as
primary surgery. Even after the biopsy, subarachnoid seeding of
the tumor could progress by the time cordotomy was performed.
The residual tumor had the potential to metastasize, and in fact,
several patients in the present study developed lung metastasis.

Spinal Cord
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Although there was no case in our series, malignant astrocytoma
was reported to trigger metastasis to the liver and spleen [31]. To
overcome these issues, spinal cord resection (cordectomy) might
be another surgical procedure as reported in previous studies
[17, 32, 33]. While the beneficial result was reported with long-
term survival of >10 years in a pediatric patient [17], several
studies presented tumor-related death even after cordectomy
[32, 33]. In either surgical technique, further study with a larger
sample size will be necessary to validate the effectiveness of these
procedures for survival prognosis.

We found no evidence to support the efficacy of radiation
therapy for either low- or high-grade malignant groups in the
present study. Several previous studies similarly did not show a
beneficial effect of radiation therapy on the survival rate [30, 34],
although others showed an improvement for low-[35] and high-
grade astrocytomas [1, 4]. This discrepancy might be attributed to
the selection bias of subjects who received radiation therapy
because we did not conduct this adjuvant treatment for all
patients but mainly for those who underwent biopsy or STR only.
Depending on the amount of excision, and timing, and dose of
radiation, the survival rate may be increased, but the number of
patients is currently small, and statistically powerful evidence
cannot be provided.

Regarding chemotherapy, temozolomide was demonstrated to
increase the survival rate of subjects with intracranial glioblastoma
[36]. Since these reports, this drug has been used to treat both
high- and low-grade malignant gliomas in the spinal cord [37, 38].
Although this treatment for spinal tumors probably contributes to
better outcomes, including longer survival times, the published
findings are all case series or reports with limited numbers of
subjects. In our study, all ten subjects who underwent chemother-
apy for high-grade astrocytomas received temozolomide, but the
drug did not show a positive impact on the survival rate. In fact,
recent systematic reviews focusing on spinal cord glioblastomas
did not reveal a statistically significant survival benefit of
temozolomide treatment [39]. Fakhreddine et al. also reported
that temozolomide did not improve the OSR in patients with WHO
grade Il to IV [40]. In another study, bevacizumab was
administered to six subjects with spinal cord glioblastoma after
treatment with irradiation and temozolomide and showed a
moderate beneficial effect on survival with tolerable toxicity [41].
Taken together, further studies are necessary to confirm the
impact of temozolomide and bevacizumab

Although the WHO classification is a gold standard for
evaluating the prognosis and deciding the therapeutic strategy,
this histological classification is not trivial and involves inter-
observer variability [42]. Moreover, the clinical behavior of each
tumor can vary based on the specific histological entity. From this
perspective, additional markers are crucial for the objective
classification of astrocytomas and administration of customized
therapy. With the development of molecular neuro-oncology,
recent studies have focused on molecular diagnosis as clinically
relevant tissue-based biomarkers. In the present study, owing to
the retrospective and long-observational design, we did not
evaluate the molecular diagnostics and have introduced several
typical markers for the astrocytomas based on our literature
review. A representative marker is a duplication/fusion of the BRAF
gene in pilocytic astrocytomas (grade 1), and it helps in
distinguishing this tumor from diffuse astrocytomas [43]. Including
our two cases, malignant transformation of pilocytic astrocytomas
with anaplastic features is rare; however, Olar et al. reported that
ATRX protein loss and deregulation of the PI3K/AKT pathway is
common in patients with this tumor [44]. A small subset of the
tumor has H3-K27M mutations or FGFR1 duplication [45, 46]. With
regard to diffuse (grade Il), anaplastic (grade Ill) astrocytomas, and
secondary glioblastomas (grade IV), IDH1 mutation and MGMT
promoter methylation are frequently detected [42, 47]. IDH1
mutation is linked to a better prognosis [48]. Primary glioblastoma
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presents EGFR amplification and PTEN mutation; however, it lacks
IDH1 mutation [49]. MGMT methylation is also occasionally found
in the primary glioblastoma, and hypermethylation of this gene is
associated with a favorable response to chemotherapy [50]. Most
of the markers have been identified using brain samples;
therefore, further analyses are necessary for the assessment of
molecular diagnostics in astrocytomas that occur in the
spinal cord.

This study has several limitations, including its retrospective
nature. First, the sample size was relatively small and was
insufficient to validate our results regarding the predictors and
survival rate, and thus, the level of evidence is low and the results
should be interpreted cautiously. It is crucial to continue
registering subjects for future studies with larger sample sizes.
Second, we examined consecutive subjects who presented to us
over 30 years of practice; the diagnosis, pathological assessment,
therapeutic principles, surgical procedures, intraoperative mon-
itoring, and imaging modality have changed over this long period.
These diversities could have substantially influenced the clinical
outcomes. Finally, several surgeons performed the surgery in this
series, raising the possibility that surgical outcomes may have
been affected by differences in the surgeons’ experience and
techniques.

CONCLUSIONS

For low-grade intramedullary astrocytomas, GTR provided bene-
ficial effects for survival rate and prevention of neurologic
deterioration. If the tumor remained, the neurologic function
was impaired, and the prognosis for life expectancy was reduced.
Regarding high-grade astrocytomas, neither cordotomy for
thoracic spinal levels, chemotherapy nor radiotherapy improved
the survival rate. However, caution is warranted while interpreting
these results owing to the low evidence level. Further research on
a larger sample is required to establish the effective treatment for
malignant astrocytomas.

DATA AVAILABILITY
The datasets generated and/or analyzed during the current study are available from
the corresponding author on reasonable request.
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