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Abstract

Brain metastases are the most common type of intracranial tumor, and confer a dismal
prognosis. Morbidity in these patients arises not only from tumor burden but from treatment-
related toxicities. Among the most significant of these is radiation necrosis, a common
sequelae of stereotactic radiosurgery that may cause neurologic impairment through mass
effect or steroid-refractory edema. Truly, “radiation necrosis” is a misnomer, as the process
is more accurately an adverse inflammatory response post-stereotactic radiotherapy (AIRS).
Because it is impossible to reliably distinguish AIRS from tumor recurrence without a
biopsy, and because high-dose steroids are poorly tolerated, management of AIRS poses a
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significant therapeutic challenge. Laser interstitial thermal therapy (LITT) is an emerging
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Introduction

Brain metastases are the most common type of intracranial tumor,'
and confer a dismal prognosis; despite aggressive secondary and even
tertiary resections, stereotactic radiosurgery, high-dose external beam
radiotherapy, and multi-mechanistic chemotherapy delivered at toxic
doses, median survival ranges from 2 to 25 months.®> The morbidity of
intracranial tumors is substantial, and arises not only from neurological
deficits associated with direct brain compression or invasion, but also
secondary to systemic and local treatment modalities. In particular,
radiation necrosis, a common sequelae of stereotactic radiosurgery
(SRS), results in difficult-to-control mass effect and perilesional
edema, severely limiting a patient’s ability to function and reducing
quality of life.*® Truly, “radiation necrosis” is a misnomer, as the
process is more accurately an adverse inflammatory response post-
stereotactic radiotherapy (AIRS). The mainstay of treatment is high-
dose corticosteroids, which themselves generate a litany of poorly-
tolerated symptoms, including hyperglycemia, elevated infection
risk, impaired wound healing, osteopenia and suppressed adrenal
function.” Alternative strategies such as therapeutic anticoagulation,
bevacizumab,'® hyperbaric oxygen,' and even resection’ have been
attempted with limited success, and AIRS remains a substantial
therapeutic challenge.

Treatment is further confounded by the clinical and radiographic
impossibility of distinguishing AIRS from the most feared eventuality
in patients with previously-treated brain tumors: recurrence.'>'* Both
possibilities are commonly encountered - AIRS typically manifests
between three months and several years following SRS, with
an incidence is as high as 50% at treatment doses between 16 and
22Gy to the tumor margin;'*'® local recurrence after SRS is as high
as 18% at one-year follow-up" and increases to 31% at two years.
Lesions showing radiographic enlargement within nine months of
SRS have a roughly equal probability of demonstrating AIRS or
disease progression on biopsy; lesions enlarging more than nine
months post-SRS are much more likely to be AIRS.?' The need to
distinguish the two entities arises from differential treatment —

recurrent tumors necessitate urgent reinstatement of systemic therapy,
local cytoreduction (in the form of salvage radiation or resection),
or both, while AIRS has been historically managed symptomatically
with steroids.”?> Therefore, suspicion of either entity compels
histologic diagnosis. The ideal treatment strategy for both post-SRS
contingencies would simultaneously distinguish the two and offer the
possibility of immediate treatment, regardless of diagnosis.

To that end, laser interstitial thermal therapy (LITT) is an emerging
treatment modality that may address these limitations. Initially
developed as an alternative to surgery, LITT offers minimally-invasive
cytoreduction in patients with significant comorbidities or difficult-to-
access intracranial lesions.? Initial results have shown the feasibility
of LITT for a variety of intracranial pathologies, including new and
recurrent metastatic tumors,'>**? post-treatment edema,’ radiation
necrosis,”’ epileptogenic foci,® and primary brain tumors such as
glioblastoma.” Briefly, a neurosurgeon uses a stereotactically-guided
laser to apply low-voltage energy to an intracranial lesion, generating
hyperthermia; the process is guided with real-time MRI thermography
in a manner that enables the surgeon to direct heat application across
the lesion volume, resulting in controlled cell death.® In contrast
to open surgery, LITT can be performed through the same basic
operating platform as a biopsy, allowing the neurosurgeon to avoid the
risk of performing a craniotomy. The incision is less than lcm long; at
our institution, patients do not require ICU admission postoperatively,
and most are discharged either the same day or the following morning.
The result is a minimally-morbid diagnostic and treatment option for
patients with previously-treated intracranial tumors. Here, we offer an
illustrative case and brief review of LITT application in the setting of
AIRS.

Case report

The patient is a 66 year old right-handed female with a history of
lung adenocarcinoma, initially diagnosed in January of 2014 when
she presented with cough and hemoptysis. Surveillance imaging
demonstrated a solitary 1cm metastasis of the right frontal lobe, and
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the patient was treated with Cyber Knife on 3/5/2014. She underwent
concurrent chemoradiation with carboplatin/paclitaxel and 60Gy
radiation to the right upper lung, mediastinum and SCV region
(completed 4/16/2014), followed by an additional two cycles of
chemotherapy (completed 5/20/2014). She was subsequently placed
on erlotinib due to EGFR mutation, then switched to afatenib in
September 2014.

In July 2015 the patient noted a sense of imbalance and left hand
weakness; an MRI demonstrated enlargement of the previously-
treated brain metastasis at the posterior margin of the right superior
frontal gyrus, with significant associated edema (Figure 1). She was
started on dexamethasone, with some symptomatic improvement.
Given her continued weakness, however, a plan was made for the
patient to undergo stereotactic biopsy with possible subsequent LITT.

2015
1@ month postog)

Figure 1 MRI sequences (axial Tl-weighted with contrast, left; coronal
Tl-weighted with contrast, middle; FLAIR, right) throughout the patient’s
treatment course. Top row: two weeks prior to treatment; second row: one-
month followup; third row: four-month follow up; bottom row: eighteen-
month followup. Red box denotes hand motor cortex.

On 10/12/2015 the patient was electively taken to the operating
room. Using frameless stereotaxy, a biopsy was performed; analysis
of the frozen specimen was consistent with radiation necrosis. The
decision was made to proceed with LITT. Using the Monteris operating
platform and software, and under real-time MRI thermographic
guidance, laser ablation proceeded in multiple rounds in 360 degrees
according to standard protocols. The laser probe was advanced from
superficial to deep areas, with 100% of the lesion covered by “blue
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line,” and particular attention paid to the posterior border abutting
eloquent motor cortex. After the uncomplicated procedure, the patient
was admitted to the neurosurgery service for overnight observation.
She was discharged in stable condition the following morning, with
trace weakness in her left hand. Final pathology from the operating
room was consistent with radiation necrosis.

At one-month follow-up on 11/16/2017, the patient had regained
near-full strength in her left hand, and had otherwise remained
clinically well. Her dexamethasone dose was tapered slowly, and
she was weaned entirely off roughly nine weeks postoperatively. Her
brain MRI (Figure 1) initially demonstrated an enlarged, thinned rim
of enhancement of the right frontal lesion, with increased surrounding
edema; these were expected changes. The lesion contracted over time
(Figure 1), and the most recent MRI (4/4/2017) shows a thin rind
of enhancing scar with minimal surrounding FLAIR signal. She is
neurologically intact, and otherwise clinically stable.

Discussion

AIRS is perhaps the most significant late toxicity associated with
SRS, causing neurologic symptoms in up to one third of treated
patients.'®183132 The underlying inflammatory mechanism is thought
to result from dysfunctional astrocytes and microglia surrounding the
central necrotic zone of the treated lesion.” These perinecrotic cells
secrete inflammatory cytokines such as VEGF, TNF-a, and ICAM-
1, resulting in blood-brain barrier breakdown and angiogenesis;
the resultant contrast-enhancing rim apparent on imaging makes it
impossible to distinguish from progressive tumor.”*’3234 The resulting
edema promotes perilesional hypoxia, driving HIF-1a expression®
and stimulating a VEGF feedback loop, perpetuating a cycle of
edema. Surgical resection of the perinecrotic contrast-enhancing
zone in AIRS has been shown to often result in radiographic and
clinical improvement;*® in the case of LITT, the goal of treatment is
transformation of the perinecrotic zone into an area of inactive, factor-
depleted coagulative necrosis.*

In this case, surgical extirpation would have alleviated the mass
effect directly, with the additional benefit of offering a histologic
diagnosis. However, the lesion was in the superior frontal gyrus,
within the supplemental motor area and abutting motor cortex; the
associated edema can be seen infiltrating hand motor cortex (Fig.
1, FLAIR sequences). Radiation often confounds reliable intra-
operative distinction between lesion and surrounding radiated white
matter, making radiated lesions in eloquent areas at times a surgical
challenge. The surgical approach thus carried significant risk of
postoperative motor deficits. In contrast, the LITT approach offered
the same diagnostic and therapeutic potential, with a considerably
favorable risk profile and the ability to bring treatment lines to easily
distinguished lesion borders on imaging. The first report of LITT for
AIRS occurred under similar circumstances, with Rahmathulla et al.,”’
describing a 74-year-old with steroid-refractory edema following SRS
for intracranial non-small cell lung cancer metastasis. The lesion’s deep
location within the centrum semiovale precluded surgery; following
biopsy and LITT, the patient was discharged within 48 hours, was
weaned off steroids, and demonstrated radiographic improvement
at seven-week follow-up. Fabiano & Alberico®® published a similar
case report in 2014, describing a 64-year-old patient treated with
SRS for a lung adenocarcinoma metastasis in the right external
capsule. The patient similarly developed medically-refractory edema,
requiring high-dose steroids to remain ambulatory. Following LITT,
he was weaned off steroids within two weeks, and maintained his
strength during the follow-up period. Our experience is consistent
with this clinical course, and suggests that the greatest potential
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benefit LITT may offer to patients with AIRS is the possibility of
weaning off steroids; however, we have seen significant variation in
how aggressively we are able to taper steroids, from several weeks
to several months. In a small series of patients with histologically-
proven radiation necrosis treated with LITT,,'> Torres-Reveron et
al.,’s described all patients as tolerating the procedure well enough
to be discharged within 48 hours; four had durable improvement of
neurological symptoms, and all were weaned off steroids within two
months. Other authors have published similar results.?37-38

Importantly, we and others have concluded that short-term follow-
up MRI must be interpreted carefully when assessing treatment
effect. For two weeks to two months following LITT, lesions tend to
increase in size, but develop a thinner “eggshell” rim of enhancement.
The appearance is radiographically similar to pseudoprogression, a
possible cause for undue concern among radiologists and oncologists
unfamiliar with the procedure reading these interpretations. Rao et
al.,”” noted that overall, “the majority of lesions returned to their pre-
ablation size in an average of 16 weeks.” Carpentier et al.,* also noted
a similar radiographic increase in lesion volume up to two weeks,
followed by steady regression. A number of groups have attempted a
formal assessment of MRI patterns following LITT.* Initial images are
frequently characterized by decreased contrast enhancement within
the center of the lesion; this is surrounded peripherally with a contrast-
enhancing margin, which confers an “eggshell-like” appearance to
the lesions.* Beyond the peripheral zone, a margin dose of edema is
seen, hyperintense on T2-weighted images, which can enlarge to 1.5
times its original size and remain enlarged for up to forty days.3340-42
This is generally followed by resorption of the necrotic center, a
process extending over several months.*** Of note, groups have
found no correlation between preoperative tumor size, radiographic
edema, and probability of symptomatic postprocedural edema®*?7+
or steroid dependence.”” We hypothesize that steroid-dependence is
mostly location-dependent, and varies by proximity to eloquent areas.
These data suggest caution in the interpretation of early postoperative
radiographic studies, as well as vigilance in patients with increased
enhancement volume beyond four to 6 months postoperatively. In
our hands, it is not uncommon for a lesion to resemble its original
radiographic appearance for up to 6 months postoperatively before
beginning to retract into a scar-like appearance on imaging (Figure 2).

Figure 2 Serial images (T |-weighted MRI with contrast), taken preoperatively,
then at one-month, six-month, and long-term (over one year) followup, of
three representative patients treated with LITT.
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This study adds to the growing body of literature suggesting a role
for LITT in the treatment of patients with AIRS, and refocuses the
reader on the proper etiology of these lesions: treatable inflammation.
Larger studies with longer follow-up periods are necessary to
address factors such as patient quality of life, probability of steroid
dependence, and neurological outcomes; these will guide and better
define the patients that can most benefit from this therapy.
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