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Teaching Case
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Introduction

The spinal cord, as a late-responding tissue, is a rela-
tively radiosensitive structure. Radiation myelopathy
(RM) is a very rare but potentially catastrophic compli-
cation. RM is defined as damage of the white matter of the
spinal cord after exposure to ionizing radiation. Glial and
vascular damage from radiation likely both contribute to
this pathophysiology.1,2 It is often a diagnosis of exclu-
sion based on a history of prior radiation of sufficient dose
to cause cord injury, the region of irradiated cord being
superior to the region of symptoms, presence of a latency
period from completion of treatment, and a lack of
explanatory disease progression.3 Its irreversible form
often presents around 6 months posttreatment.4 Charac-
teristic magnetic resonance imaging (MRI) findings
include T2 hyperintensity, contrast enhancement, and
sometimes cord edema.5 There is no well-established
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treatment for RM, although trial of steroids is reason-
able. Supportive care is indicated.

As a deterministic radiation effect, the risk and severity
of RM is affected by radiation dose, with probability of
RM estimated at <1%, 5%, and 50% at doses of 50, 60,
and 70 Gy, respectively.6 Owing to low a/b of approxi-
mately 0.87, larger fraction sizes also increase risk of
RM.7 Given the serial arrangement of the functional
subunits of the spinal cord, high point doses are sufficient
to cause RM. Furthermore, the lethality of RM increases
with more proximal lesions, up to 70% mortality from
cervical lesions and 30% with thoracic lesions.8 Prior
existing conditions or prior therapies can contribute to the
risk of RM. History of prior central nervous system
(CNS) disease or injury, in addition to comorbidities such
as hypertension, hypotension, diabetes, or vascular dis-
ease, can increase susceptibility to RM.9 In cases of prior
radiation, the prior total dose, cumulative dose of all
courses, and the time interval between courses all have
critical implications as well.10,11 Rare reports have also
indicated that the dose threshold for RM in patients
receiving prior chemotherapy or immunotherapy may be
lowered.12-15

Multiple reports have indicated increased risk of
neurotoxicity in patients with a history of multiple
sclerosis (MS) receiving CNS-directed radiation therapy
can Society for Radiation Oncology. This is an open access article under
).

http://crossmark.crossref.org/dialog/?doi=10.1016/j.adro.2020.01.001&domain=pdf
www.advancesradonc.org
https://doi.org/10.1016/j.adro.2020.01.001
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:jsnider@umm.edu
mailto:jsnider@umm.edu


1072 A. Koroulakis et al Advances in Radiation Oncology: SeptembereOctober 2020
(RT), with autoimmune demyelination thought to reduce
the threshold for said toxicity.16-18 Neuromyelitis Optica
Spectrum Disorder (NMOSD), similarly to MS, is also
an inflammatory condition affecting the CNS, but in
contrast to MS, this disease preferentially affects the
spinal cord, optic tracts, brainstem, and area postrema.19

It is also antibody mediated, rather than cell mediated in
the case of MS.20 To date, there are no reports, to our
knowledge, relating risk of neurotoxicity in patients with
NMOSD receiving radiation therapy to the spinal cord.
We present an unusual case of RM in a patient with
NMOSD receiving low-dose RT to the head and neck
region.
Case Report

A 72-year-old black woman with history of hyper-
tension received a diagnosis of stage II marginal zone
non-Hodgkin lymphoma, with staging positron emission
tomography (PET)/computed tomography (CT) imaging
demonstrating increased uptake in the right posterior
nasopharynx, bilateral superior posterior triangle nodes,
and bilateral level II nodes. She received intensity
modulated radiation therapy to the head and neck region,
totaling 30.6 Gy in 1.8 Gy fractions. Of note, the
maximum point dose to the spinal cord was 29.05 Gy.
Representative images of the RT plan are shown in
Figure 1. This treatment course was tolerated well without
interruption. No systemic therapy was administered.
Figure 1 (A) Radiation therapy plan isodose lines; prescription dose
spinal cord of 29.05 Gy in sagittal (A) and axial (B) views. The gross
green, respectively.
She continued to do well with no evidence of disease
recurrence. Approximately 7 years after treatment, she
developed neck pain and bilateral upper and lower ex-
tremity numbness and weakness, most pronounced in the
right upper extremity. The onset was gradual, throughout
3 to 4 weeks, and symptoms progressively worsened to
the point of difficulty with walking. She was admitted to
the hospital. MRI of the brain and spinal cord demon-
strated T2 hyperintensities in the caudal medulla,
extending through the cervical spine to the level of C7
(Fig. 2A and 2B). Patchy areas of abnormal contrast
enhancement were also noted in the same region. PET
revealed no hypermetabolic lesions, including in the spi-
nal canal. Lumbar puncture with cytology and flow
cytometry was unrevealing, and CNS recurrence of mar-
ginal zone non-Hodgkin lymphoma was sufficiently ruled
out. Of note, NMO antibodies were not checked. Radia-
tion oncology was consulted regarding the possibility of
radiation myelopathy. The clinical details of the case were
thoroughly reviewed by the radiation oncologists, and the
details of RT delivery and planning were also confirmed
by medical physics to exclude a technical event. It was
deemed unlikely given the low prior dose to the spinal
cord, despite the lesions lying within the 50% to 95%
isodose lines of the prior RT plan. High-dose intravenous
steroids were initiated (dexamethasone IV 32 mg loading
dose, 8 mg every 6 hours thereafter), which were then
tapered. Both strength and sensation improved in all ex-
tremities, with strength noted to be 4 or 5 in all extrem-
ities at time of discharge from the hospital to
of 30.6 Gy in 1.8 Gy fractions, with maximum point dose to the
tumor volume and planning target volume are shaded in red and



Figure 2 Magnetic resonance imaging upon initial presentation (T2 [A] and T1 postcontrast [B] images) and at relapse of neurologic
symptoms (T2 [C] and T1 postcontrast [D] images), demonstrating abnormal signal and enhancement in the cervical spinal cord.
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rehabilitation. Steroids had been tapered off by 10 days
from initial presentation.

She spent 1 month in rehabilitation, regaining ability to
walk without difficulty and with a full symptomatic re-
covery noted at clinical follow-up around 4 months from
initial presentation. A follow-up MRI of the brain and
spine at that time demonstrated significant improvement
of T2 hyperintensities in the cervical cord, with residual
increased signal extending from the cervical medullary
junction to the level of C7. Additionally, there was noted
to be less swelling and edema of the spinal cord, and no
enhancement was noted.

Approximately 8 months from initial neurologic
presentation, the patient had recurrence of symptoms.
She was again admitted for evaluation, and MRI of the
brain and spine again demonstrated abnormal signal
and enhancement in the cervical spine (Fig. 2C and
2D). Repeat PET demonstrated no evidence of hyper-
metabolic lesions. However, at this time, NMO
immunoglobulin G (IgG) antibodies were checked and
detected in the serum, thus establishing diagnosis of
NMOSD. The case was again reviewed by radiation
oncology and during interdisciplinary tumor board.
Despite diagnosis of NMOSD, a component of RM
could not be excluded.

Intravenous steroids were started and tapered. She
subsequently received plasmapheresis treatments and rit-
uximab maintenance therapy for NMOSD resulting in
stabilization of symptoms. As of the present time,
approximately 28 months from initial presentation, she
continues to have stable symptoms with bilateral upper
extremity weakness (4 out of 5).
Discussion

As previously mentioned, RM is a diagnosis of
exclusion. In this case, the clinical neurologic symptoms,
their delayed onset, strong imaging correlation to the re-
gion of prior RT, and the exclusion of disease recurrence
all point to RM as the proximate cause. Especially, the
MRI abnormality’s presence entirely within the prior RT
field is hard to ignore. The maximum dose to the spinal
cord is the clear detractor from a typical presentation of
RM. One would extrapolate from radiobiologic and date
from the quantitative analyses of normal tissue effects in
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the clinic that the risk of myelopathy in this case would
otherwise be near zero. Also, the diagnosis of NMOSD
does not preclude external beam radiotherapy (EBRT) as
a contributing factor, especially considering the remaining
data which strongly implicate EBRT. Rather, NMOSD
may have provided an explanation for a lowered threshold
dose for RM in this case.

NMOSD: Pathophysiology, diagnosis, and
treatment

NMOSD is a demyelinating disorder mediated by
AQP4-IgG, an autoantibody targeting aquaporin 4
(AQP4). This results in an immune astrocytopathy that
also affects blood vessels.19 Specifically, aquaporin pep-
tides circulate and present as antigens to T cells. This
results in B cell activation, differentiation into plasma-
blasts, and secretion of AQP4-IgG. AQP4-IgG then cir-
culates in the blood, penetrates the blood-brain barrier,
attacks AQP4 proteins, and finally initiates a complement-
mediated inflammatory reaction. These proteins are
expressed on astrocyte endfeet that abut both vasculature
and the pia mater. It is this effect both on the glial support
and vasculature of the CNS that results in both lytic and
nonlytic lesions causing symptoms, particularly in the
spinal cord and optic pathways.

This disease much more commonly affects females and
nonwhite populations in developed countries. Diagnosis
of NMOSD entails a positive test for this antibody, at
least one core clinical characteristic, and exclusion of
other processes. Nearly 90% of patients have a relapsing
disease course. Therapy focuses both on prevention and
treatment of flares. First-line agents include azathioprine,
mycophenolate mofetil, prednisone, and rituximab.21

Existing evidence on the interaction between
EBRT and multiple sclerosis

Although there is no literature describing interaction
with NMOSD and EBRT, there are perhaps certain
important concepts that may be extrapolated from existing
literature on the interaction between MS and EBRT.
Indeed, MS is another neurologic inflammatory disorder.
Fundamental distinctions include the different mechanism
of action (antibody vs cell-mediated) and the location of
lesions from MS in the white matter of the brain.

The deleterious effect of EBRT on the CNS in the
presence of MS had been first postulated in 1959, and
multiple reports have since corroborated the hypothesis
that EBRT can exacerbate demyelination in MS.18 An
important experience from the Mayo Clinic, largely pre-
ceding the advent of 3-dimensional planning, reported
grade 4 or greater neurotoxicity in 6 of 15 consecutive
patients with MS treated with EBRT to the brain, with all
instances consistent with demyelinating injury within the
irradiated volume rather than necrosis. These occurred
from 0.2 to 17.6 years after EBRT. Of note, MS was
diagnosed after EBRT in 3 of these patients.

Proposed mechanism of RM in the setting of
NMOSD

The precise mechanism responsible for the clinical
presentation herein discussed is a matter of speculation.
One possible mechanism for this may be release of AQP4
peptide antigens due to radiation damage, which then
induced the previously described antibody-mediated in-
flammatory pathway affecting supporting astrocytes and
vasculature of the spinal cord. Because both glial and
vascular damage are implicated in the pathogenesis of
RM and NMOSD, it is possible that AQP4-IgG antibodies
effectively lowered the threshold for RM.8 In this way,
one may consider both radiation effect and autoimmune
pathology to have acted synergistically, such that the
threshold for RM was significantly lowered, resulting in
this presentation.

Conclusions

RM is a rare complication, and almost never seen at
doses as low as 30.6 Gy in standard fractionation. Auto-
immune pathologies can greatly lower the threshold for
serious neurotoxicity, as previously demonstrated in the
context of MS and as we postulate in this first reporting in
a patient with NMOSD.
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