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Background: In adults, metastatic spinal dissemination (MSD) in low-grade glioma (LGG) is an unusual
phenomenon of the central nervous system. This study sought to investigate the clinical characteristics of
adult MSD in LGG and its course.

Methods: A retrospective analysis was performed from June 2011 to July 2021 in adult LGG patients with
MSD treated at the Oncology Department of the Beijing Shijitan Hospital, Capital Medical University. The
time to MSD and overall survival (OS) were estimated using Kaplan-Meier plotting. A univariate analysis was
performed using a logarithmic-rank test, and a multivariate analysis was performed using Cox proportional
hazards models.

Results: Thirteen adult LGG patients with MSD were enrolled in this retrospective study. Most of the
primary tumors were grade II (92.3%) or astrocyte derived (7.7%). The median total OS time from the
initial surgery, the time to MSD and the OS time after MSD of the 13 adult LGG patients was 45.0, 15, and
16 months, respectively.

Conclusions: Adult LGG patients with MSD had a poor prognosis. Enhanced magnetic resonance
imaging was highly recommended in adult LGG patients. Maybe parts of patients appeared to experience
prolonged clinical benefits from systemic salvage chemotherapy and intrathecal injection after MSD. Novel

modalities need to be explored to improve the outcomes of patients with MSD.
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Introduction

Low-grade gliomas (LGGs) occur primarily in children and
young to intermediate age adults and are classified as grade
I and II tumors under the World Health Organization
(WHO) classification system (1-3). LGGs in adults have
highly variable clinical behaviors that are not easy to predict

based on histological class (4,5). Most adult LGGs are

indolent, and patients usually have an excellent probability
of long-term survival under the current treatment
approaches, but some adult LGGs progress rapidly to
glioblastoma (GBM) (6,7). According to currently available
data, the distinction between indolent and rapid progress
has not yet been achieved. We further clarify the general
clinical characteristics of adult low-grade gliomas in China.
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According to currently research and our clinical
observations, the most common metastasis of glioma is
intracranial metastasis or recurrence in situ. Generally,
the metastatic spinal dissemination (MSD) of malignant
glioma is rare, and only a few studies have indicated
that metastatic spread appears to be more common in
GBM than in LGG (8). In children, spinal dissemination
often occurs in pilocytic astrocytoma (WHO, grade I),
and is more common in GBM in adults (9,10). With the
development of comprehensive diagnostic methods and
treatments, including magnetic resonance imaging (MRI)
and chemotherapy, the prognosis for GBM has improved.
Thus, the number of cases reported on spinal glioma
dissemination has gradually increased. However, for spinal
dissemination in adult LGG, limited data are available on
its true incidence, presentation, characteristics, outcomes,
and best management techniques. In clinical practice, these
gaps have led to uncertain conclusions about the outcomes
of adult patients with LGG MSD. In addition, the findings
of most previous studies were derived from a small data set
(<10 cases) and case reports.

Thus, we performed a retrospective analysis of LGG
patients with MSD over 10 years at our clinic. Based on the
historical data, the results showed that adult LGG patients
with MSD had a much worse prognosis than those without
dissemination. Effective treatments need to be explored
to improve survival. We present the following article in
accordance with the STROBE reporting checklist (available
at https://dx.doi.org/10.21037/apm-21-3390).

Methods
Patients and study design

According to the World Health Organization’s
classification (11) of primary intracranial tumors, LGGs
contain with grade I tumors, which contain none of the
histologic features, and grade II tumors, characterized
by the presence of cytologic atypia alone. Low-grade
astrocytic tumors include diffuse astrocytoma, pilomyxoid
astrocytoma, and pleomorphic xanthoastrocytoma (WHO
grade II), as well as subependymal giant cell astrocytoma
(SEGA) and pilocytic astrocytoma (WHO grade I tumors).
Thirteen adults (aged >16 years) with MSD in LGG
were treated at Beijing Shijitan Hospital from June 2011
to July 2021. Demographic, treatment, and survival data
were retrospectively collected. Pediatric LGGs were
excluded due to their distinct molecular pathogenesis (12),
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and patients with extracranial dissemination other than
spinal dissemination were also excluded. The pathological
diagnosis of LGG was histologically confirmed, and spinal
dissemination was radiologically diagnosed using enhanced-
spine MRI with or without positive cerebrospinal fluid (CFS)
for tumor cells by at least 2 radiologists. Patients were
followed up with routinely by telephone or outpatient visits.
The WHO 2007 classification and response assessment
in neuro-oncology criteria (13) were adopted for the
pathological diagnosis and response assessment criteria.
We provided representative images to identify MSD about
cervical, thoracic, and lumber spinal spread in Figure 1.

Statistical analysis

Opverall survival (OS) and total OS were defined as the
interval from MSD and initial surgery to death from any
cause or the last follow-up visit, respectively. Time to MSD
(T'TMSD) was defined as the time from the initial surgery
to the diagnosis of spinal dissemination based on the results
of an enhanced MRI or CSF examination. OS and TTMSD
were estimated using Kaplan-Meier plotting. The univariate
analysis was conducted using the logarithmic-rank test.
The multivariate analysis was conducted using the Cox
proportional hazards model. All analyses were performed
with SPSS (version 23, IBM Corporation, Armonk,
NY, USA). A P value <0.05 was considered statistically

significant.

Ethical statement

All procedures performed in this study involving human
participants were in accordance with the Declaration of
Helsinki (as revised in 2013). The study was approved
by institutional ethics board of Beijing Shijitan Hospital
[No. sjtky11-1x-2021(64)]. Individual consent for this
retrospective analysis was waived.

Results
Patient characteristics

From June 2011 to July 2021, 13 adult patients with
LGG MSD were enrolled in this retrospective study.
The characteristics of these 13 patients are summarized
in Table 1. Of the 13 patients, 8 were male, and 5 were
female. The patients had a median age of 33.0 years (range:
17-66 years). Most of the primary tumors were grade 1I
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Figure 1 Three patents in this study with metastatic spinal dissemination about cervical, thoracic, and lumber spinal spread, respectively.
"The white arrows indicate the magnetic resonance imaging findings of metastatic spinal dissemination. (A) Male, 32 years old, primary low-
grade glioma in brainstem, metastatic spinal dissemination with cervical spinal spread. (B) Male, 44 years old, primary low-grade glioma
in right temporal, metastatic spinal dissemination with thoracic spinal spread. (C) Male, 33 years old, primary low-grade glioma in left

temporal, metastatic spinal dissemination with lumber spinal spread.

Table 1 Patient demographic characteristics

Pt. No. Sex Age (years) Pathology Primary tumor location Surgery Adjuvant radiotherapy [Gy] Adjuvant chemotherapy [cycles]

1 M 19 PA B (Sellar region) PR CSI [36] 0

2 17 OA B (Multiple) Biopsy - Others
3 M 33 DA S (Sacrococcygeal) Biopsy - TMZ [5]
4 M 44 DA B (R Tempora) GTR CCRT [60] TMZ [3]
5 M 32 DA B (Brainstem) Biopsy CCRT [45] TMZ [6]
6 F 41 DA B (L Frontotemporal)  Biopsy CCRT [45] TMZ [12]
7 M 33 DA B (L Tempora) PR RO [60] -

8 F 33 DA B (L Frontal) GTR CCRT [60] TMZ [13]
9 F 41 DA B (L Tempora) GTR CCRT [60] TMZ [6]
10 M 20 DA S (Pectoral) PR CCRT [45] TMZ [7]
11 M 25 DA B (Right Ventricle) PR CCRT [46] NCNU [4]
12 F 50 DA S (Cervical) Biopsy CCRT [45] Others
13 F 66 OA B (L Temporal) GTR CCRT [60] TMZ [10]

Pt, patient; No., number; M, male; F, female; PA, pilocytic astrocytoma; DA, diffuse astrocytoma; OA, oligoastrocytoma; B, brain; S, spine;
L, left; R, right; PR, partial resection; GTR, gross-total resection; RO, radiotherapy only; TMZ, temozolomide; NCNU, amino-ethylene-
nitrourea, 5-fluorouracil, prednisolone; CSlI, craniospinal irradiation; CCRT, concurrent chemoradiation.

(92.3%) and astrocyte derived (7.7%). Further, 76.9% of chemotherapy after surgery.
the patients had intracranially located primary tumors.
All patients under-went surgery or biopsy t‘o obtain‘the Clinical manifestations of MSD
histology of the primary tumor. 76.9% of patients received

adjuvant radiology therapy, and 61.5% received adjuvant The most common locations of metastasis dissemination
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Table 2 Site and type of metastatic disease
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Pt. No.  Time to MSD (months) Symptoms at spinal dissemination Dissemination location Systemic salvage chemotherapy [cycles]
1 0.2 MRI C MTX

2 0.9 Epilepsy TSC DDP [1]

3 0.9 Limb weakness /S TMZ [5]

4 6.0 Pain L/S Bevacizumab + CCNU [3], CE [1]
5 35.0 Headache TSC CE [4]

6 15.0 Pain C C [5], CE + CTX[13], CE + TMZ [2]
7 14.0 Pain TSC -

8 25.0 Limb weakness TSC DDP+VM-26 [4], ACNU, TMZ [3]
9 64.0 MRI TSC CSI DDP + VM-26 [5]

10 24.0 Limb weakness C DDP + VM-26 [5], CGA [4]

11 3.0 MRI TSC DDP [1]

12 40.0 Limb weakness TSC TMZ [16], TMZ [9]

13 36.0 Unawareness TSC CE [1]

MRI, magnetic resonance imaging; TSC, total spinal cord; L/S, lumbar and sacral cord; C, cervical cord; MTX, methotrexate; DDP,
cisplatin; CTX, cerebrotendinous xanthomatosis; CE, carboplatin etoposide; CCNU, Lomustine; VM-26, teniposide; ACNU, Nimustine;
CSl, craniospinal irradiation; TMZ, Temozolomide; CGA, chlorogenic acid.
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Figure 2 Median time to metastatic spinal dissemination
(15 months). A Kaplan-Meier analysis was used to calculate the

median time.

were the entire spine (61.5%), the cervix (23.1%), and other
sites (15.4%). After spinal dissemination, 84.6% (11/13)
of the patients presented with neurological symptoms
suggestive of myelopathy, including weakness of the limbs
[3], pain of the limbs, lumbar, and back [3], headache and
dizziness [2], epilepsy [1], numbness of the limb [1], and
a lack of awareness [1]. Two of the patients did not show
any obvious symptoms, and spinal dissemination was found
routinely on MRI (Tible 2).

The estimated median T'TMSD in our cohort was
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15 months (0-64.0 months) (see Figure 2). In 1 patient,
MSD was only found 6 days after the initial surgery with
a primary tumor in the sellar region and concurrent spinal
dissemination in the suprasellar region.

No significant associations were detected in the
univariate Cox proportional hazard models between age,
sex, pathology, primary tumor location, or TTMSD.

Overall survival

Following spinal dissemination, 12 (92.3%) patients
received systemic salvage chemotherapy, and 3 (23.1%)
patients received radiotherapy (2 received craniospinal
irradiation, and 1 received local radiotherapy). All patients
who underwent systemic chemotherapy were treated with
intrathecal methotrexate.

As of July 2021, 2 (15.4%) patients were still alive and
had a median follow-up time of 54 months (22-86 months),
and 11 patients (84.6%) had died due to disease progression.
The median total OS of this cohort was 45 months (10-86
months), which is shorter than that of LGG without spinal
dissemination according to historical data (14), and the
median OS was 16 months (0.5-85 months) (see Figure 3).

No significant associations were detected in the
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Figure 3 Overall survival (45 months) and median survival after
metastatic spinal dissemination (16 months) of 13 adult low-grade
glioma patients with metastatic spinal dissemination. A Kaplan-

Meier analysis was used to calculate overall and median survival.

univariate Cox proportional hazard models between
age, sex, pathology, primary tumor location, TTMSD,
treatment, OS, or total OS.

Discussion

The spread and transfer of malignant glioma MSD along the
nerve axis is rare. MISD can occur in patients with high-grade
glioma and LGG, and many patients will simultaneously
suffer from spinal dissemination and intracranial lesions (15).
Stanley et al. concluded that the probability of spinal
metastasis in 600 cases of GBM was 2% (16), and Chamdine
et al. reported that the probability of spinal metastasis at the
time of diagnosis and the progression of LGG was 2-5% and
5-12%, respectively (17).

In our retrospective study, of 282 adult LGG patients
treated at our clinic over a 9-year period, 13 had spinal
dissemination. The incidence rate of spinal dissemination after
LGG resection was 5.6%, which was lower than the reality,
considering that the follow-up of some patients was lost.

Despite the small sample size, the location and
dissemination symptoms were well documented in this
study. In relation to the location of tumor spread, spreading
throughout the spinal cord was predominant and was
observed in 10 patients, while spreading in the cervical spine
was only observed in 3 patients. These results are consistent
with those of previous reports and indicate that spinal
dissemination can occur in all regions of the spine. No
predilection for any region was noted, and the involvement
of the entire spine was not uncommon.

LGG has a slow progression, a long survival period (18),
and a low probability of MSD. The symptoms of spinal
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cord injury appear late. Generally, a diagnosis of MSD
is only considered when symptoms of spinal cord and/
or nerve root injury are observed. Due to a lack of clear
symptoms of spinal cord injury or clinical negligence,
some patients are misdiagnosed or not diagnosed. In this
study, while most of the patients had related symptoms at
dissemination, 4 patients who were diagnosed with MSD
were asymptomatic, which suggests that this complication
may occur occultly to some extent. Enhanced MRI showed
high sensitivity in detecting spine dissemination, but
the question of whether MRI should be used to detect
spine dissemination without symptoms requires further
prospective study.

LGGs are indolent and have a long survival period (18);
however, patient prognosis becomes poor once there is a
diagnosis of spinal dissemination. In this cohort, the median
OS of adults with MSD in LGG was only 52 months.
Conversely, in the RTOG 9802 study, the median OS of
LGG padents with unfavorable factors who received radiaton
therapy after surgery was at least 7.6 years. In this study,
the interval was short in terms of survival time after spinal
dissemination, with a median time of only 20.2 months.

A novel modality should be explored to improve the
prognosis of spinal dissemination (19). In this study almost
all the patients received salvage chemotherapy; however, 4
patients received radiation therapy for MSD. Notably, no
significant differences were detected between the outcomes of
the radiation therapy patients and another patient after MSD.

The limited sample size may be one of the main
reasons for the lack of standard recommendations for
spinal dissemination. Notably, a female patient with a
primary astrocytoma tumor (grade 2) survived >30 months
after MSD and was diagnosed 15 months after initial
resection. In our clinic, this patient received combined
chemotherapy with carboplatin and etoposide for 12 cycles
after spinal dissection and fully consented to this non-
standard treatment. Further, the neurological symptoms
related to myelopathy were relieved after chemotherapy.
This case suggests that systemic chemotherapy contributes
to prolonged survival; however, this finding should be
validated in a well-designed study with a larger sample size
in the future.

Several factors limited this retrospective research,
including its small sample size and a lack of uniformity in
the treatments administered after spinal dissemination. A
small number of the sample reached the survival event, and
no predictive factor was identified as affecting the total OS
or OS after MSD. Non-uniform treatments after spinal
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dissection may inevitably lead to different outcomes in
MSD patients. Consequently, our conclusions should be
interpreted with caution.

Our study showed that adult LGG patients with MSD
had a much poor prognosis; however, there was no clear
evidence that salvage therapy prolongs the survival time
of MSD patients. We suggested enhanced MRI for the
diagnosis. Despite this, a small proportion of patients
appeared to experience prolonged clinical benefits from
systemic salvage chemotherapy and intrathecal injection
after spinal dissemination, and novel modalities should be
explored to improve the outcomes of patients with MSD.
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