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Delayed Radiation-Therapy-Induced
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Case Summary

A 41-year-old man with no signif-
icant medical history presented to
the emergency department with new
persistent headache. The examina-
tion was notable for acromegalic
features and right homonymous su-
perior quadrantanopia. A brain MRI
scan and laboratory findings were
suggestive of growth hormone-se-
creting pituitary macroadenoma. A
2-stage neurosurgical approach was
completed without periprocedural
complications. The final diagnosis
was consistent with a prolactin and
growth hormone-secreting pituitary
macroadenoma (Ki67 labeling index
3%). Due to invasive adenoma with
residual disease, intensity-modulat-
ed radiation therapy was started 4
months after the second surgery, fol-
lowing an informed discussion with
the patient (total dose of 5040 cGy
in 28 fractions with good tolerance).
Three months later, the patient de-
veloped vertical diplopia, decreased
sensation in the left lower face,

slurred speech, tongue numbness,
and bilateral upper extremity ataxia.
The patient refused hospitalization,
but subsequently developed left-sid-
ed hemiparesis and was admitted.
An updated examination showed
dysarthria, binocular horizontal
nystagmus in right lateral gaze,
decreased hearing on the left, left
uvular deviation, decreased elevation
of the palate on the right, left tongue
deviation, diffuse mild left arm weak-
ness, and left arm ataxia. No vessel
abnormalities were noted on head
and neck computed tomography (CT)
angiography, but a brain MRI scan
was showing interval new multifo-
cal lesions. A lumbar puncture was
performed, and analyses showed
pleocytosis (13 leukocytes per uL),
predominantly mature lymphocytes
on cytology, and mild protein eleva-
tion (50 mg /dL). Oligoclonal bands
were not detected, and the IgG index
value was 0.64 (0.00-0.61 as normal
range). Additional tests including
antinuclear antibody; extractable
nuclear antigen antibodies panel;
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c- and p-antineutrophil cytoplasmic
antibodies; complement components
3 and 4; C-reactive protein; hepatitis
viral panel; blood cultures; spinal
fluid bacterial, parasite, viral, and
fungal analyses; human immunode-
ficiency virus panel; and toxoplasma
antibodies were performed, but

all were unrevealing of abnormali-
ties. A contrasted chest, abdomen,
and pelvis CT scan did not show
concerning lesions. Ultimately, a
stereotactic brain biopsy of right
cerebellar hemispheric lesions was
performed. Findings were suggestive
of a noninfectious inflammatory
process compatible with acute demy-
elination. Notably, family history was
unremarkable for autoimmune or
demyelinating diseases. Pulse intra-
venous methylprednisolone (1g/day)
was given for 3 consecutive days,
followed by oral dexamethasone (4
mg twice daily).

Imaging Findings

Preoperative (Figure 1A) and post-
operative (Figure 1B) MRI brain scans
demonstrate debulking of tumor from
surgery, yet with residual disease.
Radiation treatment was pursued
following surgery (Figures 1C and 1D).
Three months after completion of ra-
diation treatment, and in the setting of
new neurological deficits, a brain MRI
scan showed multiple new cerebellar
and brainstem contrast-enhancing
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Figure 1. A noncontrasted sagittal T1 MRI sequence scan demonstrating a sellar and suprasellar mass with extension into the right cavernous sinus
and posterior fossa (asterisks) (A). Sagittal T1 MRI sequence following surgical treatment (B). Radiation plan scheme that was used to guide radiation

therapy (C, D).

and T2/FLAIR-hyperintense lesions
(Figure 2A-D). Brain biopsy revealed
perivascular parenchymal macro-
phage and lymphocyte infiltration,
with decreased myelin staining and
some preservation of neurofilament
staining, but without granulomas or
infectious stigmata (Figure 3A-D).
Follow-up imaging, 11 months after
diagnostic biopsy, showed resolved
features of demyelination, with some
residual changes (Figure 4A-D).

December 2021

Diagnosis

Acute demyelination remote to
the maximally targeted therapeutic
field of radiation.

Follow-up

Following diagnostic biopsy, a
3-month follow-up brain MRI scan
showed interval increase in the T2/
FLAIR-hyperintense pontine lesions,

but improvement in the known
cerebellar ones. Clinical examination
improved with noted residual left arm
dysmetria and mild left hemiparesis.
The next quarterly follow-up brain
MRI scan showed a decrease in size
of the known lesions without any
contrast enhancement. The exam-
ination was stable and dexameth-
asone was being tapered. Subse-
quent follow-up, 11 months after
the diagnosis, demonstrated stable
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Figure 2. T2/FLAIR MRI sequences showing scattered pontine hyperintensities (A, B) with noncontracted and contrasted coronal T1
MRI sequence demonstrating cerebellar hypointensities with enhancement following gadolinium administration (arrows) (C, D).

imaging and examination. Multiple
endocrinopathies associated with the
primary tumor and subsequent treat-
ments have also been addressed and
tracked with clinical and laboratory
assessments. Euthyroid state has been
achieved with levothyroxine, and tes-
tosterone injections are administered
periodically. Somatostatin has been
continued since the diagnosis. Insu-
lin-like growth factor 1 (IGF-1) levels
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have decreased, dropping from initial
value >1200 ng/mL to 525 ng/mL by
the time of the most recent follow-up
(84-270 ng/mL as normal range).

Discussion

Acute demyelination remote to the
maximally targeted field remains a
rare or under-recognized entity. The
initial case was described in the setting

of proton radiation therapy for optic
nerve meningioma.! In a larger pediat-
ric case series with the same treatment
modality, several patients with asymp-
tomatic white matter changes outside
of the targeted area are mentioned,
but additional diagnostics were not
pursued.? A case of a decade-long,
relapsing demyelinating process fol-
lowing whole-brain radiation showed
findings suggestive of a demyelinating
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Figure 3. Pathology slides with original magnification of 200X. Focal increased cerebellar white matter macrophages (arrow) and perivascular
lymphocytes (arrowhead) in an area of demyelination (hematoxylin and eosin) (A). Macrophages in a focus of demyelination are highlighted with a
CD68 immunostain (B). A CD3 immunostain highlights the presence of benign-appearing T cells (arrow) around blood vessels (asterisk) in an area of
demyelination (C). A Luxol fast blue stain showed decreased staining corresponding to loss of myelin in the white matter (arrowheads, D).

process on repeated biopsy, but also
concurrent coagulation necrosis with
the initial one.? A report of 2 patients
with acute demyelination following
radiation therapy for glioma was
published, although unlike our patient,
oligoclonal bands were seen in the
cerebrospinal fluid (CSF) to establish
this diagnosis.* Although the process
was initially thought to be radiation
necrosis in the currently presented
case, it was clinically inconsistent with
such a diagnosis given the short time
frame and since much of the noted
enhancement and edema were outside
of the high-dose radiation field, though
within the region receiving 2000 cGy.
Biopsy confirmed demyelination
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rather than necrosis. All other reported
cases with similar clinical-radiologi-
cal features had negative diagnostics
for primary demyelinating processes
and responded well to steroids, with
improvement on imaging and clinical
examination."® Pathophysiology may
involve direct radiation-related toxic ef-
fects on myelin, damage to blood-brain
barrier and secondary inflammatory
reaction, damage to small vasculature,
or a multifactorial process triggering
an autoimmune reaction.’ Oligoden-
drocyte depletion is also speculated.®
The pathophysiological role of elevated
IGF-1 as an immunostimulant in
certain autoimmune diseases is being
investigated,” but current studies also

point to its protective role in experi-
mental autoimmune demyelination,
possibly by enhancing the function
of Treg lymphocyte subpopulations.?
In this currently reported case, IGF-1
has remained elevated throughout
the course, but with a consider-

able downtrend following surgery,
radiation, and medical management
with somatostatin.

Conclusion

Delayed acute onset demyelination
in the setting of brain radiation ther-
apy, though remote to the maximally
targeted area, should be considered
as a differential diagnosis in an
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appropriate clinical scenario. A broad

diagnostic workup would be warranted
in such a case, with consideration of a
biopsy as an ultimate clinical-patholog-
ical investigation. Immunosuppression
with steroids appears to be an effective
treatment, which is consistent with the
findings from other series.
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