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Objective: The impact of adjuvant radiotherapy on overall survival (OS) and progression-
free survival (PES) of patients with grade II spinal cord astrocytomas remains controversial.
Additionally, the relationship between progression and clinical deterioration after radio-
therapy has not been well investigated.

Methods: This study included 53 patients with grade IT intramedullary spinal cord astrocy-
tomas treated by either subtotal, partial resection or open biopsy. Their clinical performance
status was assessed immediately before operation and 1, 6, 12, 24, and 60 months after sur-
gery by Karnofsky Performance Scale (KPS). Patients with and without adjuvant radiother-
apy were compared.

Results: The groups with and without radiation comprised 23 and 30 patients with a mean
age of 50.3 + 22.6 years (range, 2-88 years). The mean overall disease progression rate was
47.1% during a mean follow-up period of 48.4 + 39.8 months (range, 2.5-144.5 months).
In the radiation group, 11 patients (47.8%) presented with progressive disease, whereas 14
patients (46.7%) presented with progressive disease in the group without radiation. There
were no significant differences in OS or PFS among patients with or without adjuvant radio-
therapy. KPS in both groups, especially radiation group, gradually decreased after opera-
tion and deteriorated before the confirmation of disease progression.

Conclusion: Adjuvant radiotherapy did not show effectiveness regarding PFS or OS in pa-
tients with grade II spinal cord astrocytoma according to classical classification based on
pathohistological findings.

Keywords: Intramedullary spinal cord tumor, Astrocytoma, Radiotherapy, Karnofsky Per-
formance Scale
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INTRODUCTION

Intramedullary spinal cord tumors are rare, accounting for
2%-4% of all central nervous system tumors; spinal cord astro-
cytoma is the most common spinal cord tumor in children (39%)
and the second most common in adults (24%)."* Adjuvant ra-
diotherapy is generally recommended (1) when complete resec-
tion is abandoned due to risk of postoperative neurological def-
icits or (2) for high-grade intramedullary invasive spinal cord
astrocytomas that are not amenable to gross total resection. The
role of radiation therapy in the management of grade II spinal
cord astrocytoma is controversial, as the standard therapeutic
dose of 45 to 50 Gy with conventional fractionation of 1.8 to 2
Gy/day is well tolerated with low risk of toxicity, its influence in
patient outcome is unknown. The aim of this study was to ana-
lyze progression free survival and clinical performance status in
patients treated with and without adjuvant radiotherapy after

incomplete resection of grade II spinal cord astrocytomas.

MATERIALS AND METHODS

1. Data Source

Data for this study was obtained from a multicenter cohort
study authorized by the Neurological Society of Japan between
2009 and 2020. This database collects the clinical course and
surgical outcomes of intramedullary spinal cord tumors from
58 neurosurgical centers across Japan.*

2. Inclusion and Exclusion Criteria

In total, 168 patients with surgically treated intramedullary
spinal cord astrocytomas were included. Of these patients, 56
patients with histologically confirmed grade II intramedullary
spinal cord astrocytomas were identified and retrospectively re-
viewed. Although the updated 2021 World Health Organization
(WHO) classification includes various diagnostic genes, mole-
cules, pathways, and histological findings for diagnosis, this study
was based on conventional histopathological grading. The ex-
tent of resection was defined as macroscopic gross total resec-
tion (100%), subtotal resection (> 90%), partial resection (< 90%),
or open biopsy. In the present study, 3 patients with an attempt
of gross total resection presented neurological decline related
with the surgical treatment and were excluded from the analy-
sis. Finally, 53 patients with grade II spinal cord astrocytomas
with either subtotal, partial resection or open biopsy were en-
rolled.

https://doi.org/10.14245/ns.2346386.193

3. Baseline Characteristics

Clinical characteristics including age, sex, Karnofsky Perfor-
mance Scale (KPS), radiological data from magnetic resonance
imaging (including tumor levels and lesion lengths), and patho-
logical diagnoses (based on pathohistological diagnoses) were
anonymously extracted from the database. Increase enhance-
ment in axial and sagittal T1-weighted magnetic resonance im-
aging, or development of diffuse meningeal spread were con-
sidered to have disease progression. The patients’ clinical per-
formance status following surgery with or without adjuvant ra-
diotherapy was analyzed, comparing the subgroups with and

without disease progression.

4. Functional and Performance Grades

The KPS enables the quantification of a patient’s overall state
and quality of life.* The score ranges from 0 to 100, with 100 in-
dicating that the patient has normal physical abilities with no
signs of disease, and 0 indicating that the patient is dead. The
clinical functional status was assessed immediately before oper-
ation and 1, 6, 12, 24, and 60 months after surgery.

5. Statistical Analysis

The survival period, defined as the number of months from
surgery to death, was censored at the last available follow-up or
cutoff study date (December 31, 2020) for those who were still
alive. Progression-free survival (PFS) was estimated using the
Kaplan-Meier method with associated log-rank tests for the en-
tire cohort and survival in subgroups classified based on the
presence/absence of adjuvant radiotherapy and disease progres-
sion. Statistical analyses were performed using JMP statistical
software ver. 13 (SAS Institute Inc., Cary, NC, USA). The chi-
square test was used for continuous and binary values. For non-
parametric tests, the Mann—Whitney U-test and Fisher exact
probability test were used to compare subgroups. Significance
of the obtained results was assessed at the 5% level.

6. Ethics

This study is a multicenter cohort study approved by the Neu-
rospinal Society of Japan. The research protocol has been ap-
proved by the Institutional Review Board of Tohoku University
Hospital (2021-1-130) and the participating institutions.

RESULTS

Patient demographics are described in Table 1. Patients in-
cluded 32 men and 21 women with a mean age of 50.3+22.6
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years (range, 2-88 years). The groups with and without radia-
tion comprised 23 and 30 patients, respectively. The lesions were
cervical (n=13), cervicothoracic (n=14), thoracic (n= 14), tho-
racolumbar (n=3), and lumbosacral (n=9). The mean overall
disease progression rate (the number of progressions/the total
of 53 patients) was 47.1% and mortality rate was 15.1% (8 of 53)
during a mean follow-up period of 48.4 + 39.8 months (range,
2.5-144.5 months). Seven out of 8 patients had death related
with tumor burden and 1 patient died of a cause other than tu-
mor. Overall survival (OS) and PFS were depicted with Kaplan-
Meier curves (log rank, p=0.092, p=0.163) (Fig. 1). Tumors lo-

Table 1. Patients” characteristics

Characteristic Value
Age (yr), mean + SD (range) 50.3+22.6 (2-88)
Sex, male:female 32:21

The length of lesion (mm), mean +SD 68.1+43.9 (14-250)

(range)

Cervical 13
Cervicothoracic 14
Thoracic 14
Thoracolumbar 3
Lumbosacral 9

Degree of surgical resection

Biopsy 21

Partial resection 24

Subtotal resection 8
Initial KPS (%), mean (range) 69.1 (20-90)
Disease progression rate (%) 47.1 (25/53)
MIB-1 index (%), mean (range) 4.3 (0.01-20)

SD, standard deviation; KPS, Karnofsky Performance Scale.
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cated in the cervical spine and with high MIB-1 index were more
likely to receive post-operative radiation treatment (Table 2).

In the radiation group (n=23), 3 patients (13%) underwent
subtotal resection, 9 (39.2%) underwent partial resection, and
11 (47.8%) underwent open biopsy. These 23 patients under-
went adjuvant radiotherapy 28 days (range, 15-91 days) after
surgery. The radiation dose given to grade II spinal cord astro-
cytoma ranged between 45 and 50.4 Gy delivered in a conven-
tional dose per fraction of 1.8-2.0 Gy. During the 36.8 months
follow-up period, 11 patients (47.8%) showed clinical deterio-
ration, exhibiting either local recurrence/progression (n=6),
intracranial dissemination (n=1), or combined local progres-
sion and diffuse meningeal spread (n=4). Treatments for local
progression were reoperation (n=1), temozolomide adminis-
tration (n=4), and palliative therapy (n=1). Pathohistological
findings of the reoperation for local progression revealed grade
II glioblastoma, which suggested malignant transformation. The
transition of KPS is shown in Fig. 2. KPS in subgroups without
disease progression stayed flat, whereas KPS in the disease pro-
gression subgroup continued to decrease before adjuvant radio-
therapy and was aggravated after the confirmation of progres-
sive disease. In the radiation group, disease progression was more
common in younger than older patients (Table 3).

In the group without radiation (n=30), 5 patients (16.7%)
underwent subtotal resection, 15 (50%) underwent partial re-
section, and 10 (33.3%) underwent open biopsy. In patients treat-
ed by only biopsy, close observation was made without any ad-
juvant treatment due to concern of radiation induced myelopa-
thy and malignant transformation. During the 57.3 £ 39.8-month
follow-up period, 14 patients (46.7%) presented with progres-
sive disease, exhibiting either local recurrence/progression (n=
12, 85.7%) or combined local recurrence/progression and dif-
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Fig. 1. Overall survival and progression-free survival in 53 grade II spinal cord astrocytoma.

768 Www.e-neurospine.org

https://doi.org/10.14245/1s.2346386.193



Kanematsu R, et al.

Adjuvant Radiotherapy for Grade II Spinal Cord Astrocytoma

fuse meningeal spread (n=2, 14.3%). Treatments for local re-
currence/progression were reoperation (n=>5), radiotherapy af-
ter reoperation (n=1), radiotherapy with/without temozolo-

mide administration (n=2), and palliative therapy (n=4). The

transition of KPS is shown in Fig. 2. KPS in the subgroup with-

out disease progression stayed flat with a slight up and down,

Table 2. Comparison of 53 grade II spinal cord astrocytoma patients with or without adjuvant radiotherapy

Patients with adjuvant

Patients without adjuvant

Vbl radiotherapy group (n=23) radiotherapy group (n=30) plme
Age (yr) 49.9 (16-88) 50.7 (2-83) NS
Sex, male:female 13:10 19:11 NS
The length of lesion (mm) 66.8 (8-250) 69.1 (14-170) NS
Initial KPS (%) 68.3 (40-90) 75.7 (50-90) NS
Cervical/the total lesions 8/23 (34.8) 20/30 (66.7) <0.05
Degree of resection NS
Biopsy 11 10
Partial resection 9 15
Subtotal resection 3 5
Past medical history
Hypertension 8(34.8) 7 (23.3) NS
Diabetes mellitus 1(4.3) 3(10.0) NS
Hyperlipidemia 1(4.3) 5(16.7) NS
Cancer 3(13) 2(6.7) NS
Heart disease 2(8.7) 0(0) NS
MIB-1 index 6.7 (0.02-12) 1.9 (0.01-4.5) <0.05
Hazard ratio (log rank)
Overall survival 2.86 (0.68-12.0)
Median days 1,103 1,720
Death 5(21.7) 3(10.0)
Progression free survival 1.77 (0.78-4.02)
Median days 816 5,775
Progression 12 (52.2) 14 (46.7)

Values are presented as mean (range) or number (%).
KPS, Karnofsky Performance Scale; NS, not significant.

80 -

70 B ~. —. -
h-"'w?;-:- -

Radiation and no disease
Seo progression

60 - ! ) i . 1

N No radiation and no disease

progression

No radiation and disease

40 L Radiaton starting date: ~ progression

the average 28 days after operation t ~
30 L ™ o Radiation and disease

The confirmation of disease progression (radiation group): progression
20 L the average 394.8 days after operation
101 The confirmation of disease progression (no radiation group):
the average 985.2 days after operation
0 I I I I 1 1
Before OP After OP 6M 12M 24M 60M

Fig. 2. The transition of Karnofsky Performance scale in adjuvant radiotherapy and no adjuvant radiotherapy group with or
without disease progression. OP, operation; 6M, 6 months; 12M, 12 months; 24M, 24 months; 60M, 60 months.
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Table 3. Characteristics of 23 grade II spinal cord astrocytoma
patients with adjuvant radiotherapy

Table 4. Characteristics of 30 grade II spinal cord astrocytoma
patients without adjuvant radiotherapy

No disease Disease i No disease Disease )

Variable progression  progression value Variable progression  progression value
group (n=12) group (n=11) group (n=16) group (n=14)
Age (yr) 57.8 (16-88) 41.3 (18-75) <0.05 Age (yr) 457 (6-72)  56.4 (2-83) NS
The length of lesion (mm)  64.9 (34-151) 68.9 (15-250) NS The length of lesion (mm) 79 (14-170) 57.7 (33-90) NS
Initial KPS (%) 70 (40-90)  66.4 (40-90) NS Initial KPS (%) 65 (20-90)  75.7 (50-90) NS
Cervical/the total lesions 3/12 (25) 1/11 (9.1) NS Cervical/the total lesions 6/16 (37.5) 3/14 (21.4) NS
Extent of resection (biopsy/  4/8 (50) 7/4 (175) <0.05 Extent of resection (biopsy/ 6/10 (60) 4/10 (40) NS
subtotal+partial resection) partial+subtotal resection)

MIB-1 index 59(0.01-20) 7.4(0.7-10) NS MIB-1 index 2.7(0.01-10) 1.9 (0.01-4.5) NS

Values are presented as mean (range) or number (%).
KPS, Karnofsky Performance Scale; NS, not significant.

whereas KPS in the disease progression subgroup decreased
gradually just after operation and then deteriorated. There were
no significant differences regarding age, lesion length, initial
KPS, the percentage of cervical lesions, the extent of resection,
or the MIB-1 index (Table 4).

DISCUSSION

Due to the rarity of spinal cord gliomas, no consensus has
been reached in the literature regarding the role of adjuvant ra-
diotherapy for grade II spinal cord astrocytoma.®!'" Diaz-Agui-
lar et al."” report that younger age, gross total resection and ab-
sence of radiotherapy positively influenced survival factors in a
series of 561 patients with low-grade spinal cord astrocytoma.
A systematic review by Hamilton et al.”” found a negative corre-
lation between radiation therapy and survival for low-grade spi-
nal cord tumors (hazard ratio for OS, 5.20; p < 0.01). Lastly, Ab-
del-Wahab et al."* report a multivariate analysis in 40 patients
indicating that adjuvant radiotherapy enhanced disease pro-
gression. However, the extent of tumor resection has not been
clearly shown in these studies, and the impact and therapeutic
effect of radiotherapy have not been clarified.

Meticulous microsurgical technique and use of intraopera-
tive neuromonitoring is the standard of care to maximize safe
surgical resection in diffuse spinal cord astrocytomas, however,
the lack of a separation plane and changes in sensory and mo-
tor evoked potential correlating with severe postoperative neu-
rological dysfunction usually precludes a gross total resection
of these lesions. This study investigated the impact of radiother-
apy on clinical performance status by KPS, focusing on patients
with either subtotal, partial resection or biopsy. The tolerance
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Values are presented as mean (range) or number (%).
KPS, Karnofsky Performance Scale; NS, not significant.

dose for the spinal cord has been reported to be 45-50 Gy with
conventional fractionation schedules of 1.8-2 Gy/day, and the
upper dose in the present study was under this level."” The ac-
tual incidence of myelopathy with these conventionally frac-
tionated doses is less than 0.2%-0.5% after 50 Gy and 1%-5%
after 60 Gy.'® Additionally, patients who did not presented dis-
ease progression presented improvement in the KPS regardless
of the radiation status. This observation can correlate with the
decompressive effect of surgery as result of laminectomy and
duraplasty during the partial resection or biopsy. Furthermore,
regardless of adjuvant radiotherapy, KPS in both disease pro-
gression groups, especially radiation group, decreased gradually
before the confirmation of disease progression.

The present study demonstrate that disease progression was
more frequent in younger than older patients who received post-
operative radiation therapy. This observation goes along with
increase evidence younger age has been increasingly identified
as a surrogate of aggressive behavior in adolescents and young
adults (AYAs, age 15-39 years)."” It is considered that AYAs have
polymorphisms or genomic properties that differ from older
people with respect to cancer susceptibility and treatment. For
example, melanomas with BRAF mutations are more prevalent
in the AYA population and thus are more likely to respond to a
BRAF inhibitor." Less favorably, triple negative breast cancer is
more prevalent in patients under 40 years and is associated with
increased mortality partly due to fewer treatment options."” Sim-
ilarly, spinal cord astrocytoma among AYAs may have unique
genetic and epigenetic differences compared with older popula-
tion.

Extent of resection is one of the most contentious and intrigu-
ing aspects of intramedullary spinal cord tumors, which had a

https://doi.org/10.14245/1s.2346386.193
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significantly greater factor in patients with grade II spinal cord
astrocytoma with adjuvant radiotherapy in our study. A system-
atic review by Hamilton et al.” showed patients undergoing GTR
had a lower mortality rate at 2.5 and 10-year follow-up than pa-
tients with lesser resection volumes. Cytological reduction by
greater extent of resection could have a positive effect on dis-
ease progression. Also, patients with adjuvant radiotherapy had
higher MIB-1 index than those without adjuvant radiotherapy.
In the patients with adjuvant radiotherapy, KPS in the disease
progression subgroup continued to decrease. It may suggest that
the tumor classified according to classical pathohistological di-
agnosis included more malignant properties. The updated 2021
WHO classification includes various diagnostic genes, mole-
cules, pathways, and pathohistological findings for diagnosis.”
Dubbink et al.*! reported that out of 123 patients with anaplas-
tic oligodendroglioma according to classical pathohistological
classification, 55 patients exhibited intracranial glioblastoma
according to the molecular classification. The genetic under-
pinnings of spinal cord tumors remain less well understood
than those of their intracranial counterparts due to their rarity.
This study suggested that conventional classical classification
for spinal cord astrocytoma did not reflect disease progression
and clinical outcome well.

In the present study, one patient showed pathohistological
malignant transformation, which was confirmed in the speci-
men of the reoperation; however, the mechanisms underlying
such transformations are still unknown. In the majority of pub-
lished case reports regarding malignant transformation, patients
had received previous radio- or chemotherapy.**** The incidence
of malignant transformation in patients with intracranial low-
grade glioma ranges between 23% and 72%.*>*** On the other
hand, the incidence and the latency period of malignant trans-
formation in patients with spinal cord low-grade glioma is un-
known, therefore meticulous close observation is essential.

This study has several limitations. First, the indication of ad-
juvant radiotherapy varies by institution because the role is still
debatable. This study is retrospective multi-institutional study
and the indication of adjuvant radiotherapy may not be consis-
tent, which could be one of the limitations. Second, this study
was retrospective in nature, and the sample size was small and
thus had limited statistical power. Despite these limitations, we
believe that our study provides important information regard-
ing the impact of adjuvant radiotherapy on the clinical perfor-
mance status of patients with grade II intramedullary spinal cord
astrocytoma.

https://doi.org/10.14245/ns.2346386.193

CONCLUSION

Adjuvant radiotherapy did not show effectiveness regarding
OS and PFS in patients with grade II spinal cord astrocytoma
according to classical classification based on pathohistological
findings.
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