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Abstract
A 26-year-old woman with a right frontal diffuse astrocytoma, isocitrate dehydrogenase-mutant, WHO Grade II 
was treated with resection and radiotherapy (54 Gy in 30 fractions by volumetric modulated arc therapy). Ten 
weeks after radiation, she developed left leg weakness, and a brain magnetic resonance image demonstrated 
multifocal acute demyelinating brain lesions within regions that received 10-30 Gy. She improved with high 
dose steroids and subsequently resumed temozolomide. She had no prior history of a demyelinating disorder. 
The mechanisms of neurotoxicity from radiation include vascular injury, demyelination, and oxidative damage 
to neural stem cells and oligodendrocytes; though the pathophysiology is not fully understood. Subacute 
demyelination in the absence of known demyelinating disease is rare with only four cases previously described. 
This rare complication can be successfully managed with steroids when symptomatic. It is important to consider 
demyelination if new distant enhancing lesions arise following radiation of a primary brain tumor when findings 
are atypical for recurrence.
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INTRODUCTION
External beam radiation is a critical component for the management of many primary and secondary brain 
tumors, with evidence of attaining disease control and improving survival[1-4]. Unfortunately, this benefit is 
occasionally associated with radiation induced injury to the normal surrounding brain parenchyma. The 
mechanisms of neurotoxicity from radiation therapy include vascular injury and demyelination, although 
the pathophysiology is not well understood[5]. We present a case of an unusual subacute complication of 
radiation treatment in a patient with a primary brain tumor.

CASE REPORT
A 26-year-old woman with a non-enhancing, right frontal diffuse astrocytoma, isocitrate dehydrogenase 
(IDH)-mutant, WHO Grade II with alpha thalassemia/mental retardation syndrome X-linked loss and 
unknown O6-methylguanine DNA methyltransferase (MGMT) promoter methylation status who had 
received a biopsy followed by 95% tumor resection was treated with external beam radiation with 54 Gray (Gy) 
in 30 fractions (fx) by volumetric modulated arc therapy without concurrent chemotherapy. She tolerated 
her treatment well without focal neurologic symptoms initially. Her first post-radiation magnetic resonance 
image (MRI) brain 6 weeks after completion was stable, and she began cycle 1 of adjuvant standard 
dosed temozolomide at 150 mg/m2/day for 5 consecutive days and tolerated it well. However, 10 weeks 
after completing radiation, she developed acute onset left leg weakness and presented to the emergency 
department. Her MRI brain demonstrated multiple new T2/Fluid Attenuation Inversion Recovery (FLAIR) 
hyperintense lesions in the right posterior parasagittal frontal lobe, left anterior frontal lobe, and the left 
periventricular white matter. Some of the lesions demonstrated incomplete ring enhancement which was 
most prominent in the right frontal lobe lesion. Imaging findings were consistent with acute multifocal 
demyelination. These lesions were distant from the high isodose component of the radiation field 
[Figure 1A-C]. Her symptoms localized to her right frontal lobe lesion. Her temozolomide was withheld, 
and she was evaluated with a lumbar puncture which demonstrated 0 red blood cells (RBCs) per high 
power field (HPF), 4 white blood cells (WBCs) per HPF (97% lymphocytes, 3% histiocytes), an elevated 
protein (60 mg/dL), normal glucose (65 mg/dL), and elevated myelin basic protein at 8.93 ng/mL (normal 
< 5.50 ng/mL). There were no malignant cells on cytology. Immunoglobulin G (IgG) index and oligoclonal 
bands were not obtained due to problems with the sample. MRIs of the cervical, thoracic, and lumbar spine 
were normal with no demyelinating lesions in the spinal cord and no leptomeningeal disease. One week 
later, another MRI brain with advanced brain tumor imaging was performed prior to initiating steroids. 
The conventional MRI brain imaging findings remained unchanged. The advanced imaging demonstrated 
no significant elevation of the vascular permeability on dynamic contrast enhanced (DCE) MR perfusion 
imaging and no elevation of the relative cerebral blood volume (rCBV) on dynamic susceptibility contrast-
enhanced MR perfusion imaging within the right posterior parasagittal lesion in the frontal lobe. In addition, 
MR spectroscopy revealed a choline to creatinine ratio of less than 2:1 with no significant decrease in the 
N-acetylaspartate (NAA) peak [Figure 1D-F]. These features further supported radiation induced treatment 
changes consistent with demyelination. As these lesions did not have radiographic features of tumor growth 
or pseudoprogression, and it would be exceptionally rare for multifocal distant high-grade tumor recurrence 
to occur immediately after radiation in an IDH-mutated low grade astrocytoma, biopsy was not performed. 
Given the presence of symptoms, she was treated with 1 gram (g) of methylprednisolone intravenously 
(IV) daily for 3 days, followed by a prednisone taper. Cycle 2 of temozolomide was held, and she clinically 
improved with the steroid treatment. All her subsequent MRIs brain demonstrated interval decrease in size 
of the lesions [Figure 1G-I]. On further review of previous neurologic symptoms, she denied prior acute 
demyelinating episodes including symptoms concerning for optic neuritis, transverse myelitis, or focal 
neurologic deficits lasting > 24 h. Her baseline imaging before starting radiation did not demonstrate any 
demyelinating lesions. She was able to safely resume cycle 2 of adjuvant temozolomide 4 months later and 
tolerated therapy well.
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Fifteen months after completing radiation, she developed right-sided acute vision loss associated with painful 
eye movements without optic nerve edema on funduscopic exam, consistent with optic neuritis. Humphrey’s 
visual field 30-2 demonstrated marked constriction of the visual field with generalized depression in the right 
eye and inferior visual field deficits in the left eye. Optical coherence tomography retinal nerve fiber layer 
was unremarkable in both eyes. A subsequent lumbar puncture demonstrated normal protein (28 mg/dL), 
0 RBCs per HPF, and 0 WBCs per HPF. IgG index was normal and oligoclonal bands were negative. She 
was treated with 1 g of methylprednisolone IV daily for 3 days followed by prednisone 80 mg by mouth for 
11 days per the optic neuritis treatment trial[6]. She had significant improvement in her HVF testing with 
resolution of her pain. Her right optic nerve had received 41.6 Gy during radiation. She continues to be 
monitored for tumor recurrence and demyelinating episodes clinically and radiologically on surveillance 
imaging for tumor recurrence and demyelination without antitumoral or immunosuppressive treatment.

DISCUSSION
Central demyelination is a very rare subacute complication of radiation therapy and is important to 
distinguish from tumor progression due to implications on management. In our case, white matter lesions 
occurred subacutely in lower isodose zones ranging from 10-30 Gy, 10 weeks after completing radiation, 
similar to previously reported cases[7-10]. At the time of her multifocal acute demyelination, she had no prior 
history of a demyelinating disorder and did not fulfill criteria for multiple sclerosis by the 2017 revised 

Figure 1. Top Row (A-C): Axial T1 post-contrast and FLAIR images with overlaid radiation treatment plan demonstrates an incomplete 
ring enhancing, FLAIR hyperintense lesion in the right posterior frontal lobe (A; arrow). There are also left frontal lobe juxtacortical 
non-enhancing white matter FLAIR hyperintense lesions (B, C; arrows) in the 1000-3000 cGy isodose zones. The imaging findings are 
consistent with acute demyelination. Middle Row (D-F): DCE perfusion MRI shows no significant increase in capillary permeability in the 
right posterior frontal lobe partially ring enhancing lesion (D; arrow). Dynamic susceptibility contrast perfusion MRI reveals no elevation 
of the rCBV in the lesion (E; arrow). MR spectroscopy demonstrates a choline to creatinine ratio < 2:1 and no significant depression of 
the NAA peak in the right posterior frontal lesion (F). The advanced imaging features also support demyelination. Bottom Row (G-I): Six 
months later, there is no longer enhancement associated with the right posterior parasagittal frontal lobe lesion (G, arrow) and there is 
interval decrease in size of the white matter FLAIR hyperintense lesions bilaterally (H, I; arrows)
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McDonald Criteria[11]. Interestingly, she subsequently developed an episode of acute onset right sided 
anterior optic neuritis 15 months after radiation. Although the absence of oligoclonal bands or elevated IgG 
index were not present to support a diagnosis of multiple sclerosis, we could not unequivocally determine 
whether this episode was related or unrelated to previous radiation given the chronology.

Although there was no tissue obtained to pathologically verify demyelination, the radiographic features 
coupled with the sustained neurologic and radiographic response to steroids strongly supported 
demyelination as the diagnosis. For patients with symptomatic lesions and imaging that is concerning for 
pseudoprogression or true tumor growth, or when imaging is not clear for an etiology, a representative 
biopsy can clarify the diagnosis and assist in management. Additionally, if empiric treatment failed to 
improve symptoms and radiologic findings, the authors advocate for re-imaging, and considering biopsy to 
clarify diagnosis and guide next steps in treatment.

Even though the closest therapy to the central demyelination was temozolomide, there is little evidence 
to suggest chemotherapy was the cause of demyelination. Thus far temozolomide has not been associated 
with an increased risk of demyelination. Temozolomide has been safely used in patients with multiple 
sclerosis when treating a primary brain tumor (oligodendroglioma, WHO Grade II)[12]. Although this level 
of support is not generalizable for all patients with demyelinating diseases, the fact that subsequent cycles of 
temozolomide did not induce additional central demyelination for our patient suggests that demyelination 
is more likely a complication of radiation. In contrast, there is a larger volume of literature that clearly 
identifies radiation as a cause of central demyelination for patients with known underlying demyelinating 
disease[13]. One possibility that remains unclear is if there is a combined neurotoxic effect from layering 
central nervous system (CNS) damaging agents with sequential radiation and temozolomide. However, there 
is strong evidence demonstrating improved survival in patients with grade II astrocytomas when using with 
adjuvant temozolomide, which cannot be replaced by use of chemotherapy at recurrence[4]. Though this case 
brings additional considerations when layering CNS damaging agents, the authors do not suggest changing 
management for low grade gliomas based on this case alone.

The pathophysiology of radiation-induced CNS injury is not well understood. It is believed to be due to 
vascular injury and demyelination based on histologic findings due to involvement of endothelial cells 
and oligodendrocytes[5]. Endothelial injury leads to reduced permeability, inducing astrocyte injury and 
swelling, followed by increased vasogenic edema with local ischemia and reperfusion injury culminating 
in white matter necrosis. Parallel to this process, endothelial cell loss and reduced vascular density lead to 
upregulation of adhesion molecules, white cell adhesion, perivascular cuffing, and cytokine release, causing 
oligodendrocyte apoptosis with demyelination and also contributing to white matter necrosis[5].

The classically described risk factors associated with radiation-induced toxicity include radiation with 
greater than 2 Gy per fraction, total dose greater than 60 Gy, large volume of radiation, and hypofractionated 
course of radiation[14]. Neurotoxicity is greatest after treatment with parallel-opposed radiotherapy fields 
encompassing the temporal lobes, brainstem, and central white matter of the brain[13]. Additionally, older 
age and concomitant comorbidities including diabetes mellitus or cerebrovascular disease also increase 
the risk of radiation-induced injury. Lastly, concurrent chemotherapy used as a radiation sensitizer and 
tumor specific factors including MGMT promoter methylation also increase the risk of radiation-induced 
toxicity[15,16]. Interestingly, none of these factors was present in this case, though MGMT status was unknown. 

Radiation-induced neurotoxicity can be classified as acute (hours to days), subacute (within 6 months), 
or chronic (after 6 months)[5]. The greatest risk factor for development of acute radiation toxicity is the 
use of high doses of radiation therapy at greater than 3 Gy per fraction[17], and is due to endothelial 
apoptosis resulting in blood brain barrier dysfunction with resultant cerebral edema. In contrast, subacute 
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neurotoxicity is thought to be due to demyelination and can cause a variety of symptoms depending on the 
location[13]. Both acute and subacute neurotoxicity are typically transient events, respond to steroids, and 
are not predictive of chronic neurotoxicity. Finally, chronic neurotoxicity is classified into 2 forms: a delayed 
radiation-induced necrosis (RN), or a delayed chronic progressive leukoencephalopathy. RN is a poorly 
understood process believed to result from endothelial dysfunction leading to normal brain parenchyma 
hypoxia and necrosis with excretion of vascular endothelial growth factor (VEGF) and can occur 3-6 months 
to years after completing radiation therapy[5]. RN responds to steroids in most cases, but when refractory 
requires anti-angiogenic therapy with bevacizumab, an anti-VEGF monoclonal antibody[18]. In contrast, 
leukoencephalopathy on imaging appears as confluent T2/FLAIR hyperintensities in the periventricular 
white matter which does not always correlate to clinically significant neurologic manifestations. When it 
does, it presents as a slowly, progressive neurodegenerative condition with clinical manifestations similar to 
primary degenerative dementia with no established treatment or reversibility, though some cases improve 
transiently with ventriculoperitoneal shunting similar to normal pressure hydrocephalus[19].

The most frequent complication after radiation therapy of primary brain tumors is RN which often presents 
on post contrast MR imaging with soap bubble or swiss cheese like internal enhancement[20] often associated 
with perilesional edema. Subacute demyelination in patients without a prior history of demyelinating disease 
is a rare entity with only a few cases described in the literature[7-10]. There are only 4 reported cases describing 
radiation-induced demyelination in patients without a prior history of demyelinating disease. Most cases 
are young women aged between 26-39, receiving greater than 50 Gy of radiation dose and developing this 
complication in the subacute time period ranging from 10 to 13 weeks after treatment; all were significantly 
symptomatic with variable response to steroids [Table 1].

The early reported cases were from 1959-1968 published by Lampert et al.[7], Lampert and Davis[8], Monro 
and Mair[9]. These 3 patients received antiquated radiation techniques which are well-known to be less 
precise compared to modern linear accelerator-based therapies and were associated with more frequent 
radiation-induced toxicities (first 3 cases on Table 1). These cases used 2D based planning and for the 2 cases 
with documented fractionation, the dose per fraction was 2.34-2.85 Gy (> 2 Gy/fx). No imaging modalities 
were available to identify the cause of neurologic deterioration so no steroid treatment was given, and all 
patients ultimately died with demyelination identified pathologically on autopsy. Although these cases may 
be associated with additional factors contributing to radiation-induced neurotoxicity, this represented the 
initial foundation that radiation may be associated with demyelination.

Of the 5 cases presented in Table 1, only two were primary brain tumors treated with modern radiation 
techniques and associated with primary brain tumor therapy, including our case presented above. Milic 
reported a 39-year-old woman with a left temporal oligodendroglioma (WHO Grade II) who presented 
similarly to our case with distant demyelinating symptomatic lesions 12 weeks after radiation that was 
successfully treated with steroids. Both cases were young women aged 26 and 39 who received 1.8 Gy/fx 
(total dose 54 and 56 Gy). In both cases, symptomatic demyelination occurred 10-12 weeks after completing 
radiation in brain regions distant to high isodose curves. Both were successfully identified on imaging and 
improved with steroids.

Interestingly, in our case, subacute demyelination occurred within the lower isodose zones ranging from 
10-30 Gy and spared the high isodose zones. We propose that subacute demyelination after radiation 
therapy is rare because a complex set of environmental and genetic susceptibility patterns must be present 
for demyelination to occur, as seen in other demyelinating disorders. For example, murine models for 
multiple sclerosis implicate specific loci in chromosome 14 associated with susceptibility to virus-induced 
demyelinating disease, and genome-wide association studies led to the discovery of a single nucleotide 
polymorphism in the TNFRSF1A gene, which encodes tumor factor necrosis receptor 1, and is associated 
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Table 1. Case details of reported radiation induced demyelination without prior history of demyelinating disease

Source Age/
Gender

Initial diagnosis 
and location

Radiation 
dose

Demyelination 
symptoms and timing

Imaging or pathology 
finding of lesion Clinical course

Lampert et al. [7] 1959 32/F Basal cell 
carcinoma at left 
external auditory 
meatus

57 Gy in 
20 fx 

Blurred vision, diplopia, 
nausea, vomiting, and 
ataxia 2.5 months post 
radiation

Pathology:
Demyelination 
of left temporal 
lobe, thalamus, left 
cerebellum, inferior 
pons, and entire 
medulla

Progressed to akinetic 
mutism followed by 
decorticate posturing 
and died 1 month later

Lampert and Davis[8] 
1964 

64/M Tonsil carcinoma 57.02 Gy 
in 24 fx

13 weeks post radiation Pathology: 
Demyelination of 
lower pons and upper 
medulla

Died 1 week after 
symptom onset, no 
treatment

Monro and Mair[9] 
1968 

56/M Pituitary adenoma 38.62 Gy Lethargy, memory 
loss, right arm and 
leg weakness with 
dysarthria 2 months 
post radiation

Pathology: 
Left temporal loss 
of myelin and axons 
in white matter with 
amygdala necrosis 

Developed progressive 
somnolence, treated 
with IV heparin, 
continued to deteriorate 
and died from left 
perirenal hematoma.

Milic and Rees[10] 
2017

39/F Left temporal 
oligodendroglioma 
(WHO Grade II)

56 Gy in 
30 fx

12 weeks post radiation 
developed headache, 
gait ataxia, complex 
ophthalmoplegia, 
right ptosis, left 
facial weakness, and 
appendicular ataxia

Imaging:
New FLAIR 
hyperintense 
lesions with 1 
contrast enhancing 
(bifrontal). Additional 
periventricular and 
juxtacortical FLAIR 
hyperintense lesions.

CSF demonstrated 
oligoclonal bands 
IV methylprednisolone x 
3 days then prednisone 
taper. 2.5 years later 
alive with persistent 
fatigue, limb ataxia, and 
weight loss

Trevino et al., 2020 
(summarize of this 
review article)

26/F Right frontal 
diffuse 
astrocytoma, 
IDH1-mutant, 
WHO Grade 
II (ATRX loss, 
unknown MGMT 
promoter 
methylation 
status)

54 Gy in 
30 fx

10 weeks post-
radiation developed 
left leg weakness and 
hemiplegic gait.
15 months post-
radiation developed 
right optic neuritis (optic 
nerve received 41.6 Gy)

Imaging:
Bifrontal and left 
periventricular FLAIR 
hyperintense lesions 
in the 10-30 Gy 
isodose curve; some 
lesions demonstrated 
incomplete ring-
enhancement.
 

CSF demonstrated 
elevated protein and 
elevated myelin basic 
protein. Oligoclonal 
bands and IgG index 
were negative at the 
time of optic neuritis.
Multifocal 
demyelination 
treated with IV 
methylprednisolone 
x 3 days followed by 
prednisone taper. 
Symptoms improved 
and the MRI lesions 
resolved on follow up 
imaging.
Optic neuritis 
treated with IV 
methylprednisolone x 3 
days followed by 11 days 
prednisone 80 mg per 
ONTT

Most women were young with ages 26-39 while the men presented at older ages ranging from 56-64 years old. Most patients were 
treated with greater than 50 Gy and developed significant neurologic symptoms in the subacute period ranging from 10-13 weeks after 
completing radiation. All patients were significantly symptomatic with variable response to steroids. There were more frequent deaths or 
severe permanent neurologic symptoms in the earlier reported cases described from 1959-1968, and these patients were not treated with 
steroids. M: Male; F: Female; Gy: Gray; fx: fraction; EBRT: external beam radiotherapy; ADL: activities of daily living; GK: gamma knife; 
FLAIR: fluid attenuation inversion recovery; LP: lumbar puncture; MS: multiple sclerosis; MRI: magnetic resonance imaging; WHO: World 
Health Organization; IV: intravenous; IDH1: isocitrate dehydrogenase-1; ATRX: alpha thalassemia/mental retardation syndrome X-linked; 
MGMT: O6-methylguanine DNA methyltransferase; CSF: cerebral spinal fluid; IgG: Immunoglobulin G; mg: milligrams; ONTT: Optic 
Neuritis Treatment Trial 

with multiple sclerosis, but not with other autoimmune disorders[21,22]. Taken together, this data argues 
against the common thought that radiation induced damage occurs only in the high isodose radiation zones.

In the early 1960s prior to both CT scan use and modern treatments for multiple sclerosis and demyelination, 
several patients ultimately progressed to death without treatment[7,8]. However, since the advent of MR brain 
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imaging and widespread knowledge of demyelinating disease, acute symptomatic treatment of demyelination 
with steroids has led to a more rapid neurologic recovery.  
 
Although rare, subacute radiation induced demyelination is a potential complication in brain tumor patients. 
If the demyelination is asymptomatic and was diagnosed solely as an isolated radiographic finding, it can 
be monitored with surveillance imaging. However, if it causes neurologic symptoms, it can be successfully 
managed with steroids. Subacute demyelination, albeit rare, should be on the differential diagnosis for new 
distant enhancing lesions with typical radiographic features following radiation in the primary brain tumor 
population, not to be mistaken for tumor progression.
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