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Safety and efficacy of salvage therapy with laser interstitial thermal therapy for
malignant meningioma refractory to cesium-131 brachytherapy: illustrative case
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BACKGROUND Anaplastic meningioma are rare, cancerous tumors of the central nervous system that often require multimodal therapy for tumor
control. Both laser interstitial thermal therapy (LITT) and brachytherapy with implanted cesium-131 metallic seeds have demonstrated efficacy in the
treatment of recurrent and resistant anaplastic meningioma; however, their safety as a dual therapy has never been reported.

OBSERVATIONS In this report, the authors present a case of a 53-year-old female who received LITT in combination with brachytherapy after surgical
and radiation treatment options had been exhausted. The authors discuss the unique safety concern of thermal injury with this treatment combination
and demonstrate their method for the safe administration of these treatments together. Furthermore, the authors provide a review of the literature on

LITT as an emerging therapy for anaplastic meningioma.

LESSONS The use of LITT in combination with brachytherapy remains an option for salvage therapy in patients with recurrent meningioma that

provides durable local control of tumor.

https://thejns.org/doi/abs/10.3171/CASE22379
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Meningiomas are one of the most common intracranial tumors
that neurosurgeons encounter, accounting for approximately 38% of
primary brain tumors and affecting an estimated 30,000 to 40,000
people in the United States. Recurrence of high-grade tumors is
common, which requires continual advancements in the neurosurgi-
cal management of these neoplasms.' Anaplastic or World Health
Organization (WHO) grade Il meningiomas account for approxi-
mately 1%—-3% of meningiomas but are highly recurrent and require
multimodal treatment for control.*

Innovative technologies have led to less invasive and more pre-
cise techniques to control intracranial neoplasms. Laser interstitial
thermal therapy (LITT) is one such development that has been
used safely and effectively in a variety of pathologies, including glio-
blastoma; metastatic disease; and other primary central nervous
system neoplasms, such as meningioma.>® LITT delivers thermal
energy through a magnetic resonance imaging (MRI) thermometry—
guided fiberoptic probe, which induces coagulative necrosis to reduce

tumor bulk with extreme accuracy. LITT has become increasingly popular
due to low rates of intraoperative complications; short hospital stays; sig-
nificant reduction of tumor volume; and favorable outcomes, including in-
creased overall survival and progression-free survival®® In addition,
LITT allows ablation of tumors not amenable to resection due to tumor
location or poor patient functional status 5

Although LITT is very well tolerated, as demonstrated by the LAAN-
TERN (Laser Ablation of Abnormal Neurological Tissue Using Robotic
Neuroblate System) trial,"" complications are reported in the literature, in-
cluding transient neurological deficit, infection, seizures, and cerebrospinal
fluid leak.®™® The neurological deficits seen postoperatively are typically
attributed to an increase in cerebral edema.” A study performed by Pruitt
et al.”? in 46 patients undergoing LITT for a variety of intracranial patholo-
gies showed that direct thermal injury was the only cause of prolonged
neurological deficit. Therefore, it stands to reason that the presence of
thermally conductive materials around the surgical site should be taken
info consideration. There is a dearth of literature surrounding the potential

ABBREVIATIONS FSRT = fractionated stereotactic radiotherapy; LITT = laser interstitial thermal therapy; MRI = magnetic resonance imaging; SRS = stereotactic
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detrimental effects of implanted intracranial metallic objects on LITT abla-
tion. It is reasonable to assume that the presence of thermally conductive
metal may distract the thermal flow and cause inadvertent damage to
surrounding structures.

Local radiotherapy or brachytherapy has also emerged as an effec-
tive treatment for recurrent meningiomas whereby metallic implants, typi-
cally cesium-131 ("*'Cs) seeds containing gold and fitanium, deliver
local radiation to the neoplasm, minimizing exposure to surrounding
healthy tissue.™" Brachytherapy provides an altemative method of pro-
viding irradiation when other treatments, such as external beam radiation
therapy, have been exhausted due to maximum safe dosages."*'® As
new modalities for the treatment of recurrent and aggressive meningio-
mas appear, it is crucial to understand how these emerging interventions
may interact with and limit one another. We believe this to be the first re-
port to discuss the use of thermal ablation in the presence of intracranial
metallic objects.

Here, we describe a multimodal treatment strategy for a patient
with recurrent meningiomas using laser ablation in the presence of
implanted cesium seeds containing gold and titanium and review
the safety of LITT in the presence of intracranial metallic objects.
We hope this report will help inform decision making for patients
with multiple recurrences of meningiomas.

lllustrative Case

Presentation

A 53-year-old female was initially diagnosed with a right occipital me-
ningioma. She subsequently underwent gross total resection with adju-
vant radiation of 60 Gy in 30 fractions, completed 3 months after
diagnosis. The pathology was consistent with a WHO grade |ll meningi-
oma. She was noted to have radiographic progression 6 months after
completing treatment and underwent subsequent subtotal resection. The
pathology at this time revealed anaplastic meningioma with sarcomatous
features requiring fractionated stereotactic radiotherapy (FSRT) of 35 Gy
in 10 fractions with adjuvant temozolomide completed 2 months later.
She then had a short interval recurrence 4 months after FSRT, requiring
further resection and brachytherapy with implantation of thiteen *'Cs
seeds. She began chemotherapy with sunitinib but did not tolerate the
chemotherapy well. Radiographic progression was noted 10 months
later, and she was switched to bevacizumab. She achieved stable

T1: GTR w/adjuvant RT at 60 Gy

T2: STR and FSRT at 35 Gy w/adjuvant TMZ

T3: STR and brachytherapy w/ cesium 131 seeds x13
Initiated Sunitinib

disease for 22 months until evidence of progression was seen on follow-up
scans requiring additional brachytherapy with implantation of sixteen ™'Cs
seeds. Three months later, further progression was seen on surveillance
scans, for which she required 18 Gy of stereotactic radiosurgery (SRS).
Her clinical course is summarized in Fig. 1.

Investigations and Differential Diagnosis

On a surveillance scan 2 months after SRS, a new focus of en-
hancement was seen in the posterior-inferior portion of the right occipital
resection cavity, conceming for local recurrence (Fig. 2A). The differential
diagnosis included recurrent malignant meningioma, and necrosis or
newly developed glioma was possible. After multidisciplinary discussion,
laser ablation was recommended because she had exhausted all her ra-
diation options and additional craniotomy for resection would be tenuous,
given her extensive surgical history. Of note, due to the implanted ce-
sium seeds constructed of ™'Cs-impregnated gold enveloped in a fita-
nium casing (Fig. 2B and C), LITT carried unknown risks to the patient.
She was agreeable to the surgery, so we proceeded with thermal abla-
tion as planned.

Treatment

The patient was taken to the operating room for LITT ablation 53 months
after her initial diagnosis. A Cosman-Roberts-Wells head frame was
placed and attached to the Renishaw robot. Mapping of the trajectory of
the laser catheters was performed with the O-arm and coregistered with
the patient's MRI scan. We then performed a stereotactic biopsy of the
tumor. With robot assistance, we placed 2 laser catheters, judiciously
avoiding the cesium seeds. Positioning of the laser catheters was con-
firmed by O-arm. The presence of the cesium seeds created some arti-
fact that required additional sequences to be taken to confirm the
trajectory of the laser (Fig. 3). We then proceeded with ablation of the tu-
mor and obtained adequate coverage. The patient tolerated the proce-
dure well, was able to be extubated at the end of the procedure, and
was taken to the post-anesthesia care unit in stable condition.

Outcome and Follow-Up

Biopsy revealed a combination of anaplastic meningioma and
therapy-related changes. Overall, our patient experienced 9 months
of progression-free survival and was clinically stable at her 9-month

T4: Bevacizumab
T5: Brachytherapy w/cesium-131 seeds x16
T6: SRS at 18 Gy
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FIG. 1. Timeline in months showing interventions above axis and disease course below axis. Asterisks indicate intervention completed. GTR = gross total
resection; P = radiological progression; RT = radiation therapy; STR = subtotal resection; TMZ = temozolomide.
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FIG. 2. Imaging before LITT. A: Axial postcontrast T1-weighted MRI showing recurrence of right occipital me-
ningioma. Axial T2-weighted MRI (B) and computed tomography (C) showing cesium brachytherapy implants
in prior resection bed. Red arrows point to cesium seeds.

follow-up. She experienced no postoperative complications and was
discharged home on postoperative day 2 with a neurological exami-
nation unchanged from admission. Postoperative scans showed
significant reduction of the volume of enhancement of the mass
(Fig. 4). At her 1-month follow-up, our patient was doing remarkably
well with a Karnofsky performance status of 90. MRI at this time
showed no evidence of recurrence and good treatment response
(Fig. BA). Of note, imaging further revealed peritumor edema that
required treatment with dexamethasone (Fig. 5B). Despite multiple
attempts to taper, she had continuing requirements of dexametha-
sone at 10 months to manage symptoms related to the peritumoral
edema. At 9 months postoperatively, the patient returned with wors-
ening headaches and confusion, with an MRI showing increased
enhancing parieto-occipital tumor with mass effect (Fig. 5C). Pallia-
tive bevacizumab was initiated because no surgical or radiation op-
tions remained.

Discussion

Observations

Here we report a case of durable salvage therapy via LITT in
the presence of implanted intracranial metallic objects for a highly
recurrent meningioma refractory to multiple treatment modalities. To
our knowledge, this is the first discussion of the implications of im-
planted intracranial metallic objects for LITT. The only other mention
of LITT in a patient with intracranial metallic objects is in a case

FIG. 3. Intraoperative MRI-guided laser probe placement confirming
location of probes within tumor bed and avoiding cesium seeds. Left:
Axial view. Right: Sagittal view. Red arrows point to laser probes.

series of 16 patients with metastatic brain cancer requiring brachy-
therapy, 1 of whom received LITT after implantation of cesium
seeds.'® However, the authors do not provide any additional details
or discussion about this finding.

Use of LITT in our patient required extra consideration due to
the previous attempt at controlling the meningioma via implantation
of gold-plated "'Cs seeds. Theoretically, the presence of implanted
metal with LITT posed an extra risk for inadvertent thermal injury to
surrounding structures. Despite this, and with careful placement of
the laser probes around the seeds, LITT remained accurate and ef-
fective at ablating the area of recurrence with radiological evidence
of complete eradication of tumor. There were no intra- or postopera-
tive complications, and, in the follow-up period, our patient endured
9 months of progression-free survival. At the time of this report, she
is 17 months post-therapy and is still alive. She did require a pro-
longed course of dexamethasone for edema, although it is hard to
determine whether this is standard cytotoxic edema from LITT, addi-
tional damage from the implants, natural disease progression, or an
intrinsic patient variable.

Currently, there are no standard guidelines for treating malignant
meningiomas. Primary treatment consists of a form of surgical ther-
apy with adjunctive radiation therapy, with extent of resection serv-
ing as a strong predictor of outcome.” In addition, adjuvant
radiotherapy with primary resection has been shown to confer an
overall survival benefit."® Typical treatment for recurrence includes

FIG. 4. Post-thermal ablation. Left: Axial postcontrast T1-weighted MRI
showing reduced enhancing tumor. Right: Axial T2-weighted fluid-
attenuated inversion recovery MRI showing cesium seeds as well as
edema around ablation site immediately postoperatively.
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FIG. 5. A: Axial postcontrast T1-weighted MRI showing no evidence of recurrence within resection bed at 1
month. B: Axial T2-weighted fluid-attenuated inversion recovery MRI showing increased edema around abla-
tion site at 1 month. C: Axial postcontrast T1-weighted MRI showing tumor recurrence at 9 months

postoperatively.

repeat resection, radiation therapy, SRS, Gamma Knife, chemotherapy,
brachytherapy, and LITT. Repeat resection has been associated with a
survival benefit."® Potential pharmacological agents also may be effective
against recurrence. A phase Il clinical frial has demonstrated efficacy
with the tyrosine kinase inhibitor sunitinib against WHO grades Il and Il
meningiomas, with a median progression-free survival of 5.2 months and
overall survival of 24.6 months.® Despite this, the recurrence-free and
overall survival for malignant meningiomas remains poor. In one study
by Rosenberg et al.' of 13 patients with WHO grade Il meningiomas,
S-year survival was 47.2% and decreased to 12.2% at 8 years with a
median time to recurrence of 9.6 months. Sughrue et al.,™ in a study
of 63 patients with WHO grade Ill meningioma, observed 2-, 5-, and
10-year survival of 82%, 61%, and 40%, respectively. Although it is diffi-
cult to precisely delineate our patient's expected survival because her
tumor is not accurately categorized by any previous study, her highly
aggressive and recurrent tumor carries a poor prognosis.

There is scarce reporting on the use of LITT in malignant menin-
gioma. Two case series of LITT for meningiomas observed a total
of 2 cases of anaplastic meningioma in which LITT was able to pro-
vide 2 and 3 months of progression-free survival, respectively.®2? A
separate study by Rammo et al.? followed 2 patients with WHO
grade Ill meningioma treated with LITT. One patient experienced
progression at 11.4 weeks with repeat LITT at that time, which pro-
vided an additional 10.4 weeks of progression-free survival. At the
time of analysis at 25 months, this patient was still alive. The sec-
ond patient had progression at 5.7 weeks after LITT and an overall
survival of 9 months. Neither patient experienced any complications
with LITT. Our experience with LITT highly corroborates other expe-
riences described in the literature, despite the presence of intracra-
nial metallic objects in our patient, which reasonably indicates that
the cesium seeds did not significantly impact our patient's outcome.

LITT is well characterized to cause cerebral edema due to the induc-
tion of coagulation necrosis causing a local reaction, as well as the dis-
ruption of the blood-brain barrier? Several studies have observed that
this perilesional edema typically peaks at approximately 3 days and
gradually decreases over a period of 2-8 weeks.*** Steroids are the
mainstay treatment for cerebral edema after LITT. Maraka et al.% stud-
ied cerebral edema after LITT in 8 patients in whom the steroid dose
was tapered over a median of 60.5 days, with a range from 44 to
111 days. In a separate study by Ahluwalia et al.%® in 42 patients under-
going LITT for radiation necrosis or brain lesions, after LITT, only 30% of
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patients were able to be weaned off steroids at 12 weeks. Our patient
failed multiple attempts to wean corticosteroids and was steroid depen-
dent even at her 10-month follow-up, which is certainly on the longer
end of the spectrum than what is typically expected for cerebral edema
after LITT. This is most likely a reflection of cerebral edema from LITT
with a component of microscopic progression of the tumor rather than in-
advertent damage from LITT. In addition, Pruitt et al."? described the po-
tential complication of indirect thermal injury due to LITT, or LITT
hyperthermia, to cause new or worsened neurological deficits, endocrino-
logical disturbances, infection, and acutely worsened edema, none of
which we observed in our patient.

Lessons

We conclude that LITT remains a viable salvage treatment strat-
egy for patients with recurrent meningioma even in the presence of
intracranial metal objects. Because brachytherapy is a popular op-
tion to control local recurrence of meningioma, more patients may
begin to present with intracranial metallic objects. It is important to
understand the interactions between these evolving therapies so
that one therapy does not preclude another.
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