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Laser interstitial thermal therapy for treatment of cerebral radiation necrosis

Christopher S. Honga, Jason M. Becktab, Adam J. Kundishoraa, Aladine A. Elsamadicya and Veronica L. Chianga,b

aDepartment of Neurosurgery, Yale University School of Medicine, New Haven, CT, USA; bDepartment of Therapeutic Radiology,
Yale University School of Medicine, New Haven, CT, USA

ABSTRACT
Radiation necrosis is a well described complication after radiosurgical treatment of intracranial patholo-
gies – best recognized after the treatment of patients with arteriovenous malformations and brain
metastases but possibly also affecting patients treated with radiosurgery for meningioma. The patho-
physiology of radiation necrosis is still not well understood but is most likely a secondary local tissue
inflammatory response to brain tissue injured by radiation. Radiation necrosis in brain metastases
patients may present radiographically and behave clinically like recurrent tumor. Differentiation
between radiation necrosis and recurrent tumor has been difficult based on radiographic changes
alone. Biopsy or craniotomy therefore remains the gold standard method of diagnosis. For symptom-
atic patients, corticosteroids are first-line therapy, but patients may fail medical management due to
intolerance of chronic steroids or persistence of symptoms. In these cases, open surgical resection has
been shown to be successful in management of surgically amenable lesions but may be suboptimal in
patients with deep-seated lesions or extensive prior cranial surgical history, both carrying high risk for
peri-operative morbidity. Laser interstitial thermal therapy has emerged as a viable, alternative surgical
option. In addition to allowing access to tissue for diagnosis, thermal treatment of the lesion can also
be delivered precisely and accurately under real-time imaging guidance. This review highlights the
pertinent studies that have shaped the impetus for use of laser interstitial thermal therapy in the treat-
ment of radiation necrosis, reviewing indications, outcomes, and nuances toward successful application
of this technology in patients with suspected radiation necrosis.
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Introduction

The indications for use of radiosurgery have increased expo-
nentially over the past decade with the demonstration of
successful long term control of brain metastases without the
toxicities of whole brain radiation therapy [1,2]. The most
common complication of radiosurgery however remains cere-
bral radiation necrosis (RN), which is defined as a self-perpet-
uating inflammatory response within the irradiated field,
most commonly occurring 6–18months after radiosurgical
treatment [1–3]. Although its reported incidence varies
widely throughout the literature, rates of RN are believed to
be about 5–10% in brain metastases patients [4] but can be
as high as 30% in patients with arteriovenous malformations
treated with SRS [5] and 10–15% in patients with meningio-
mas treated with SRS [6,7]. Higher rates of RN have been
reported to be associated with increasing radiation dose per
fraction, increasing lesion size, repeat SRS and use of concur-
rent immunotherapy [8–11]. Although the exact mechanisms
remain unclear, the pathophysiology of RN has been pro-
posed to be related to radiation-induced disruption of the
blood brain barrier through direct endothelial cell injury, pro-
inflammatory cytokine and chemokine response, and leaky
neovasculature from angiogenesis, all leading to increased

perilesional edema [12–14]. Histologically, RN appears as a
central area of coagulative necrosis surrounded by a rim of
reactive astrocytosis, demyelination, hyalinized vascularity
and perivascular and intraparenchymal infiltrates of macro-
phages and lymphocytes [15,16].

Clinically, RN can grow in size like tumor and cause similar
neurological problems related to its location. Symptoms may
range from global signs of elevated intracranial pressure to
focal neurological deficits affecting eloquent functions such
as motor, sensory, visual, speech, and coordination functions.
Radiographically, it is also often difficult to distinguish these
lesions from recurrent tumor, as both may appear on routine
computed tomography (CT) and magnetic resonance imag-
ing (MRI) as contrast-enhancing lesions, with significant per-
ilesional edema reflecting local blood brain barrier
disruption. While various imaging adjuncts exist that may
help differentiate between recurrent tumor and RN, such as
perfusion-weighted MRI and MR-spectroscopy [17–19], biopsy
remains the gold standard, in which absence of viable tumor
cells within the biopsy specimen signifies a diagnosis of
RN [20,21].

In patients with asymptomatic lesion regrowth demon-
strated on MRI alone, observation with serial imaging is often
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performed given that the majority of these lesions will
resolve again spontaneously [3,22]. First-line treatment for
patients with symptomatic RN however has been corticoster-
oid therapy, which acts to abrogate the inflammatory
response and reduce symptomatic perilesional edema [23].
The efficacy of steroid therapy can sometimes be transient
and may not lead to long-term resolution of symptoms. In
addition, chronic steroid therapy carries considerable risk for
medical co-morbidities, including uncontrolled diabetes,
myopathy, gastrointestinal bleeding, poor wound healing,
pneumonia and adrenal insufficiency, among others. Second-
line medical therapies include bevacizumab [24,25], hyper-
baric oxygen therapy [26], high-dose vitamin E [27], pentoxi-
fylline [27], and anticoagulants, which have been shown to
have varying degrees of efficacy [28]. The details of these
therapies are outside the scope of this review, but to date
the gold standard for both diagnosis and cure of RN remains
surgical resection of the lesion [2,21]. In patients with symp-
tomatic lesions in surgically accessible areas, resection
affords rapid relief of symptoms and can be curative [29].
However, for lesions that are unable to resected without sig-
nificant added peri-operative morbidity or in patients who
are not surgical candidates for other reasons such as diffi-
culty with wound healing and prior infections, alternative
options are limited.

Laser interstitial thermal therapy (LITT) has emerged as a
viable alternative surgical option for patients with suspected
RN, utilizing latest technologies in stereotaxis and MRI guid-
ance to allow minimally invasive surgical access for diagnos-
tic lesion biopsy and therapeutic thermal ablation. As with
RN, given the lack of animal models, it is also unclear how
thermal ablation corrects coagulative necrosis, but we pro-
pose that the success of this treatment is really more

dependent upon thermal ablation of the inflammatory rim
around the necrosis.

Surgical technique and case illustration

A 62 year-old male with recently diagnosed lung adenocar-
cinoma underwent gamma knife radiosurgery prescribed
20Gy to the 50% isodose line to two asymptomatic intracra-
nial metastatic lesions, located in the right parietal and right
occipital lobes. Nine months later, he re-presented with com-
plaints of several weeks of significant headaches and several
episodes throughout the day of transient vision loss. Repeat
brain MRI demonstrated a growing enhancing lesion in the
right occipital lobe with significant surrounding edema on
T2-weighted FLAIR images (Figure 1(A, B)), in stark contrast
to near resolution of the other radiated lesion in the parietal
lobe. Although his headaches improved with steroid therapy,
he could not be weaned off of steroids without return of
symptoms, prompting discussion for surgical intervention.
LITT was chosen as an alternative to open surgical interven-
tion, based on patient need for vision preservation given his
occupation as a chauffeur.

A detailed description of our surgical technique has been
previously described [30]. Briefly, after induction of general
anesthesia, a fiducial-based MRI is acquired utilizing an intra-
operative 3.0 T MR scanner (IMRIS, Mannitoba, Canada) to
plan a trajectory to the targeted lesion with the Brainlab sys-
tem (Brainlab, Winchester, IL, USA). Trajectory is then opti-
mized using the ClearPoint navigation system (ClearPoint
Neuro, Irvine, CA, USA). Through a stab skin incision in the
skin, a twist drill hole is made along the trajectory through
the ClearPoint platform. A stereotactic biopsy is usually per-
formed at this time. The laser probe is then advanced to the
target center and its placement is confirmed by MRI. Heat

Figure 1. Serial MRI of case illustration patient undergoing LITT. Pre-operative (A) T1-weighted post-contrast MRI demonstrating a contrast enhancing lesion within
the right occipital lobe with perilesional edema on (B) T2-weighted FLAIR MRI. Two weeks after LITT, the lesion showed (C) stable enhancing size but (D) decreased
surrounding edema, accompanied by further decreases at 6-month follow-up in both (E) lesion size and (F) perilesional edema. At last follow-up 43months after
LITT, the ablated lesion showed (G) minimal nodular enhancement and (H) near-resolution of surrounding edema.
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application then proceeds under visual guidance using
Monteris software (Monteris Medical, Minneapolis, USA)
showing thermal damage threshold lines calculated from
serially obtained gradient echo sequences. Laser ablation is
stopped once the zone of thermal ablation has sufficiently
encompassed the lesion or target-temperature limits near
critical structures have been exceeded. A final MRI is
obtained to verify ablation volume, and after removal of the

laser probe, the skin is closed typically only with a single
suture layer.

The illustrated patient underwent LITT without complica-
tions (Figure 2) with intra-operative biopsy showing necrosis,
reactive astrocytosis, and absence of viable tumor cells, con-
sistent with a diagnosis of RN. The patient recovered
uneventfully from surgery and was discharged within 24 h to
home. He was able to be tapered off of steroids by 2weeks

Figure 2. Representative intra-operative MRI of case illustration. (A) A planned LITT trajectory is shown, followed by T1-weighted post-contrast (B) axial, (C) sagittal,
and (D) coronal cuts showing catheter placement within the center of the lesion post-ablation. Representative thermal damage threshold lines are shown for the
outlined lesion in green at a given depth for (E) protein denaturation in yellow and (F) cell death in blue, obtained during continuously acquired thermal MR imag-
ing that guides the extent of heat application.
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post-operatively and exhibited complete resolution of head-
aches and visual symptoms at 6-week follow-up without
detectable visual field deficits on exam. Follow-up MRI at 2-
weeks after LITT demonstrated stable T1-enhancing lesion
size but significant decrease in perilesional edema on T2-
weighted FLAIR (Figure 1(C, D)) with further decreases at 6-
months after LITT (Figure 1(E, F)). At last follow-up 43months
after LITT, MRI showed a small residual T1-weighted post-
contrast lesion and minimal surrounding T2 signal change
(Figure 1(G, H)). Although the patient demonstrated durable
local control of his ablated lesion without return of symp-
toms, he ultimately succumbed to systemic disease progres-
sion 52months after surgery.

Review of the literature

Early clinical data for application of LITT for suspected RN
came from Carpentier et al. in a pilot clinical trial conducted
in 2008 [31], followed by an update three years later [32],
the latter of which included 7 patients with 15 total re-grow-
ing lesions who were previously treated with a combination
of chemotherapy, whole brain radiation therapy (WBRT), and
SRS for brain metastases and who were otherwise not fit for
open surgical intervention (Table 1). The follow-up period
ranged up to 30months after LITT. Overall, the results were
promising with only one patient expiring from local progres-
sion of disease, while progression-free survival (PFS) was cor-
related with degree of coverage of the lesion by thermal
ablation as partially covered lesions showed median PFS of
6months, compared to totally covered lesions with PFS of
15months. However, biopsies were not performed in this
study and as such, recurrent tumor could not be differenti-
ated from RN.

Subsequently, several groups published anecdotal institu-
tional experience demonstrating success treating biopsy-pro-
ven RN with LITT. Rahmathulla et al. described the first case
of biopsy-proven RN treated with LITT (Table 1) [33]. A
74 year-old male had previously undergone SRS for a left
centrum semiovale brain metastasis from known non-small
cell lung cancer. This lesion subsequently regrew causing
dysphasia. Imaging findings, including PET-CT, were consist-
ent with RN that was refractory to prolonged, high-dose ster-
oid therapy. Medical therapies for RN were contraindicated
due to his significant co-morbidities which included renal
dysfunction, hypertension, and coronary artery disease
requiring antiplatelet medications. Surgical resection was
also felt to be high risk given patient comorbidities as well
as the lesion’s deep location and that standard surgical
access would transgress eloquent cortex and white matter.
The patient was therefore offered LITT. Intra-operative biopsy
showed histopathological findings of RN without evidence of
viable tumor cells. The patient was discharged within 48 h of
surgery, experienced symptom improvement, and was suc-
cessfully weaned off of steroids within 2weeks. Two-month
follow-up MRI findings demonstrated mild increase in
enhancing lesion size but almost complete resolution of per-
ilesional edema.

This report was followed by a single-institution retrospect-
ive study conducted by Smith et al. of 25 patients treated
with LITT for intra-operative biopsy-proven RN after prior SRS
to primary and metastatic brain tumors [34], comprised of 8
WHO grade IV gliomas, 5 WHO grade III gliomas, 5 WHO
grade II gliomas, and 7 brain metastases (Table 1). LITT was
chosen as a salvage therapy in these patients, all of whom
had imaging findings of increasing enhancing lesion size
and/or perilesional edema, despite prior histories of open
surgical resection, adjuvant chemotherapy and radiation, and
further bevacizumab treatment in select cases. Mean pro-
gression free survival (PFS) after LITT was 8.5 and 9.1months
for WHO grade III/IV glioma patients and 11.4months for
brain metastases patients. Unlike the results from
Rahmathulla et al. [33] not all lesions decreased in size on
follow-up imaging. In patients who survived 12months after
LITT, however, the authors did show that quality of life met-
rics were favorable after LITT, including significant improve-
ments in KPS scores and SF-36 scores at 12-months
compared to pre-operative metrics. Regarding follow-up
imaging findings in this select group of patients, 5/9 patients
showed decreased enhancing lesion size at 1-year follow-up
and in 5/6 patients, these findings persisted at 2-year follow-
up. Five patients required open surgical resection of the
treated lesion at an average time after LITT of 5.15months
because of progressive lesion growth and edema on serial
imaging, but of note, in four cases there was evidence of
recurrent WHO IV glioma. Among the 7 patients requiring
steroids prior to LITT, 3 patients underwent successful pro-
gressive taper, while 3 stayed at the same dose, and 1
patient required increased dosing prior to death. Another
group reported a similar safety profile in 10 patients with
biopsy-confirmed RN, comprised of 4 previous diagnoses of
high-grade glioma and 6 cases of metastatic lesions and also
reported transient increases in lesion volume after LITT at 1-
2weeks before decreasing below original volumes at 6-
month follow-up (Table 1) [35]. Together, the findings from
these studies showed that LITT can be a viable treatment
option for RN after SRS for both primary and secondary brain
tumors. Local control of the ablated lesions was largely simi-
lar despite varying histologies between WHO III/IV gliomas
and brain metastases. The accuracy of intraoperative biopsy
was also brought into question in the patients with gliomas.

The two largest multicenter studies published on the
topic of LITT for RN were reported by Chaunzwa et al. and
Ahluwalia et al. [36,37] In the retrospective study by
Chaunzwa, 30 patients across 4 institutions underwent LITT
for recurrent lesions after prior SRS for brain metastases
(Table 1) [36]. Among these patients, 19 (79%) had biopsy
proven RN. Outcomes however were not divided by path-
ology. For both RN and tumors cases together, imaging find-
ings following LITT were similar to prior reports with
increases in T1-weighted post-contrast volumes but
decreased edema on T2-weighted MRI within weeks after
LITT. The majority of patients (73.3%) were weaned off of
steroids with a median time to cessation of 4.5weeks. Only
48% of the patients however showed improvement of their
pre-operative symptoms after LITT. As expected, both
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Table 1. Summary of studies on laser interstitial thermal therapy for the treatment of cerebral radiation necrosis.

Authors Study design
Patient
size Lesions treated Conclusions

Carpentier et al. [32] Single institution,
phase 1 clinical trial

7 15 lesions (pathology
not specified)

LITT was well-tolerated and patients were discharged within
14 hours after procedure.

PFS was significantly greater in lesions with total versus partial
coverage by thermal ablation.

Death in most cases was due to systemic disease and/or untreated
brain metastases progression rather than progression of LITT-
treated lesions.

Rahmathulla et al. [33] Single institution,
retrospective

1 1 radiation necrosis First case of LITT for biopsy-proven RN.
LITT resulted in rapid symptom improvement and successful steroid

wean within 2 weeks post-operatively.
Two-month follow-up imaging demonstrated near complete

resolution of perilesional edema and clinically with
symptom resolution.

Smith et al. [34] Single institution,
retrospective

25 25 radiation necrosis LITT was safely tolerated and resulted in favorable quality of life
metrics up to 12 months after LITT.

Local control of the ablated lesion was similar despite varying
histologies between WHO III/IV gliomas and brain metastases.

The majority of patients requiring salvage craniotomy after LITT
showed recurrent high-grade glioma, suggesting a lower
sensitivity for intra-operative biopsy at time of LITT for patients
with previously irradiated glioma versus brain metastases.

Rammo et al. [35] Single institution,
retrospective

10 11 radiation necrosis LITT was well-tolerated by patients while in the hospital and three
of four patients who developed delayed neurological deficits
from edema eventually recovered back to baseline.

Ablation volume significantly increased from baseline size by 1-2
months but gradually decreased to size less than original volume
by 6 months.

Chaunzwa et al. [36] Multi-institution,
retrospective

30 19 radiation necrosis
5 recurrent tumor
6 unspecified

Nearly 75% of patients were successfully weaned off steroids and
nearly 50% of patients experienced significant relief of pre-
operative symptoms with mean time to resolution 2-weeks after
LITT.

Successful steroid wean and resolution of symptoms correlated with
greater reduction in T2 FLAIR edema.

Patients with higher KPS pre-operatively demonstrated stable/
improved KPS and greater OS after LITT.

Patients requiring salvage craniotomy were histopathologically
diagnosed with recurrent tumor as opposed to RN.

Ahluwalia et al. [37] Multi-institution, phase
2 clinical trial

42 19 radiation necrosis
20 recurrent tumor
3 unspecified

Complete radiographic response after LITT was associated with total
ablation coverage.

Local failure at 12-week follow-up correlated with recurrent tumor
pathology and subtotal ablation during LITT.

Overall survival was significantly greater in radiation necrosis vs
recurrent tumor patients at 12-week follow-up.

There were no significant changes in median KPS, quality of life
metrics, and neurocognitive testing over duration of survival
post-LITT.

Bastos et al. [38] Single institution,
retrospective

61 31 radiation necrosis
46 recurrent tumor
5 newly diagnosed

brain metastases

Shorter time to local recurrence was associated with incompletely
ablated lesions, larger size (>6 cc), dural-based location, and
tumor recurrence/newly diagnosed pathology.

Longer time to local recurrence was associated with receiving
systemic therapy after LITT.

Hong et al. [29] Single institution,
retrospective

75 33 radiation necrosis
42 recurrent tumor

Radiation necrosis pathology portended improved overall survival,
and this did not depend upon treatment modality between LITT
or craniotomy.

There were no significant differences in mean length of hospital
stay, rates of neurological symptom improvement, or ability to
wean off steroids between LITT and craniotomy.

PFS and OS did not differ between LITT and craniotomy-treated
patients even when adjusted for size bias of lesions (smaller
lesions tended to be treated with LITT).

Hong et al. [39] Single institution,
retrospective

2 2 radiation necrosis of prior
radiated AVM

LITT was successful in treating symptoms and resolving peri-lesional
edema of radiation necrosis after irradiation of AVM.

Digital subtraction angiography was necessary to confirm
obliteration of AVM prior to proceeding with LITT.

Hong et al. [40] Single institution,
retrospective

1 1 recurrent lesion of prior
radiated meningioma

LITT was successful in alleviating symptoms, facilitating steroid
taper, and reducing edema and lesion size in symptomatic
peritumoral edema associated with regrowing lesions after
radiosurgery for meningioma.

Although these lesions may be a mixture of viable tumor and
radiation necrosis, the edema responded to LITT in a prompt
time frame similar to radiation necrosis.
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successful weaning off of steroids and obtainment of symp-
tomatic relief were correlated with greater reductions in per-
ilesional edema on T2-weighted MRI but it was not
determined if RN diagnosis contributed to improvement. RN
pathology did not correlate with improved Karnofsky
Performance Status (KPS) at follow-up or overall survival (OS)
when compared with tumor. However, of the five patients
who required salvage open surgical resection of their LITT-
treated lesion, four exhibited recurrent tumor on their initial
biopsy at time of LITT (with information unavailable for the
fifth patient), while none of the patients whose biopsies
showed RN required further surgical intervention. Survival
after LITT was dependent upon pre-operative functional sta-
tus, as measured by KPS, and related to control of systemic
disease and whether cancer treatment was being adminis-
tered at time of LITT. The study concluded that LITT was a
well-tolerated and viable alternative intervention to open
surgery for rapid relief of pre-operative symptoms in select
patients, typically within 2weeks of surgery, that correlated
with successful steroid wean and significant reduction of per-
ilesional edema on MRI T2 FLAIR. LITT may be better suited
for patients with higher pre-operative KPS and as such,
should be considered earlier prior to potential further clinical
deterioration. Although LITT for patients with RN did not
result in improved OS or KPS compared to those with recur-
rent tumor, local control appears to be superior for RN.

Following this study, results were reported from Laser
Ablation After Stereotactic Radiosurgery (LAASR), a multicen-
ter prospective phase 2 clinical trial of LITT in patients with
radiographic progression after SRS for brain metastases
(Table 1) [37]. This study comprised 42 patients, including 19
cases of biopsy proven RN with the remainder made up of
20 with recurrent tumor and 3 with no diagnosis. Validating
previous retrospective data, LITT for either diagnosis was tol-
erated well with a median hospital stay of 2 days after sur-
gery. Peri-procedural complications occurred in 12% of
patients, related to worsened neurological deficits related to
proximity to nearby eloquent brain areas, while one patient
experienced new intracerebral hemorrhage without clinical
consequence that was managed expectantly. OS among all
patients was 86.5% at 12weeks and 72.2% at 26weeks. PFS
and OS were significantly improved for patients with RN
(PFS: 100% at 12weeks, OS: 82.1% at 26weeks) versus those
with recurrent tumor (PFS: 54% at 12weeks, OS: 64.5% at
26weeks). In addition, while complete radiographic response
was seen when total ablation was achieved in both RN and
tumor cases, incomplete ablation still resulted in decrease or
stabilization of lesion size when the pathology was RN but
much more commonly resulted in tumor recurrence when
the pathology was tumor. Given the small study cohort size
however, RN diagnosis was not noted to impact KPS, quality
of life, or neurocognitive outcomes. The study concluded
that for patients with few options for further salvage treat-
ment, LITT was a safe therapy, effective in stabilizing KPS,
preserving quality of life, and effective in weaning pre-opera-
tive steroid dependence. Both PFS and OS were superior for
patients with biopsy-confirmed RN at time of LITT versus
those with recurrent tumor. Additionally, local control of

histopathologically confirmed RN was excellent, even in cases
of incomplete thermal ablation coverage. These last findings
have resulted in two main changes in practice at our institu-
tion. Firstly intra-operative biopsy at time of LITT is essential
to guide intra-operative and further follow-up care, including
making total thermal coverage during LITT a goal, as well as
post-operative adjunctive treatment in the form of radiation
or systemic therapies for those with tumor. Indeed, this
approach seems supported by a recent single-institution
study of recurrent lesions after previous SRS for brain meta-
stases, comprising 51 brain metastases and 31 cases of RN,
which revealed poorer progression-free survival in incom-
pletely ablated lesions, for recurrent tumor pathology, and
for patients not receiving systemic therapy after LITT (Table
1) [38]. Secondly, given that best results are obtained when
complete ablation is achieved for either pathology, we
encourage our patients to undergo LITT for radiographically
progressing lesions when they are small prior to develop-
ment of symptomatology.

With the firm establishment of LITT as an efficacious tool
for the treatment of RN, we sought to compare outcomes
after LITT versus craniotomy (i.e. open surgical resection),
based on our single institutional experience (Table 1) [29].
Our cohort was comprised of 33 (44%) cases of RN and 42
(56%) cases of recurrent tumor. There were no differences in
patient demographics or disease specifics (i.e. systemic dis-
ease status between patient cohorts, based on modality of
surgical intervention (LITT versus craniotomy) or pathology
(RN versus recurrent tumor). Likewise, mean length of hos-
pital stay, rates of neurological symptom improvement, and
ability to wean off steroids at 1-month follow-up were similar
among all groups. In both pathology groups, PFS and OS
were significantly dependent upon pathology with patients
with recurrent tumor having worse OS and PFS than those
with RN. Treatment modality, however, did not have any sig-
nificant effect on PFS or OS, even when adjusted for a size
bias with larger lesions tending to undergo craniotomy. We
did find that craniotomy was more effective for providing
complete relief of pre-operative symptoms, regardless of
pathology. Although limited by its single-institution nature
and relatively small sample size, this study demonstrated
equivalence of efficacy for LITT compared to open resection
for the treatment of RN, as well as recurrent tumor after pre-
vious SRS for brain metastases.

Lastly, considering the efficacy of LITT for RN in brain
metastases, we propose that given that the pathophysiology
of RN is related to high dose radiation rather than underlying
pathology, LITT might be successfully used for treatment of
RN associated with other pathologies. We therefore recently
reported successful cases of LITT for RN in cases of AVM and
meningioma previously treated with radiosurgery (Table 1)
[39,40]. Digital subtraction angiography was performed in
the former case to ensure complete AVM obliteration prior
to LITT, and intra-operative biopsies in both cases demon-
strated RN histopathology. Both cases yielded significant
radiographic and clinical responses to laser ablation as
expected. Further studies exploring LITT for RN in these
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pathologies will help determine its long-term role in
this field.

Discussion

With increasing use of SRS and other forms of radiotherapy
in the treatment of brain metastases, proper diagnosis and
management of RN will remain paramount in the care of the
cancer patient. The aforementioned studies have demon-
strated that LITT is well-tolerated with low rates of peri-
operative complications (<3–5%), the majority stemming
from post-operative peri-lesional edema that can be success-
fully managed medically with steroid therapy. Patients are
typically discharged within 24 to 48 h after surgery and
exhibit symptom improvement typically within 2–4weeks
after surgery, accompanied by radiographic evidence of
decreased perilesional edema. LITT can achieve robust local
control of the targeted lesion, particularly for cases where
complete lesion coverage is achieved on thermal mapping
and a pathological diagnosis of RN is confirmed. In contrast,
the majority of cases of local progression after LITT occurred
in lesions confirmed to harbor recurrent tumor, while overall
survival was typically measured by expiration from sequelae
of systemic disease, rather than local progression of the
ablated lesion.

The growing literature on LITT continues to define the
optimal indications for this procedure in the patient with
suspected cerebral RN. As previously mentioned, many radio-
graphic cases of RN improve on surveillance imaging without
need for treatment [3,22], and it remains as yet to be deter-
mined when it might be best to intervene in these patients.
Most commonly, LITT is chosen in cases where patients have
failed medical therapies, particularly for patients who exhibit
steroid resistance or dependence, and are otherwise not can-
didates for an open surgery due to lesion location in a surgi-
cally inaccessible area (i.e. deep structures carrying high risk
for surgical co-morbidities) or previous history of multiple
surgeries that may portend high risk for re-operation. The
aforementioned studies have not only demonstrated that
LITT could result in the successful weaning off of steroids in
the majority of patients, typically within weeks after surgery,
accompanied by significant decreases in perilesional edema
on follow-up MRI but also that in lesions that are completely
ablated, complete resolution of the lesion can be achieved. It
could be recommended then that, given its minimally inva-
sive nature, LITT should be considered earlier in the course
of lesion regrowth in order to achieve best outcome for local
control. This may be particularly relevant for asymptomatic
patients with lesions that are growing on serial imaging,
who may benefit from simultaneous biopsy to differentiate
between RN and recurrent tumor. Taking this concept one
step further, given that RN rates are increased by the use of
immunotherapy, in our institution, patients who have previ-
ously undergone SRS and are receiving immunotherapy are
treated even when asymptomatic with LITT within
6–12weeks of when their lesions start to regrow given both
the good control rates of RN with LITT and the ability to

completely ablate the lesion when it is small. In most of
these patients, the use of steroids is avoided completely.

Additionally, there are instances where the decision for
LITT over craniotomy may stem from patient preference, par-
ticularly for cases where the advantages of one therapy over
the other are equivocal. Based on findings from our single-
institution comparison of LITT versus craniotomy [29], the
ideal scenario for LITT may be in asymptomatic patients in
whom biopsy for diagnosis of a regrowing surgically access-
ible lesion is required to guide further therapy.

Significant debate remains regarding the need for biopsy
prior to LITT. The studies discussed in this review comprise
only biopsy-confirmed cases of RN. However, many have
argued that recurrent lesions after prior SRS for brain meta-
stases may represent a mixture of both radiation necrosis
and recurrent tumor pathologies, subject to local sampling
bias and thus minimizing the diagnostic accuracy of intra-
operative biopsy [41–43]. While the aforementioned studies
suggest LITT may result in similar peri-procedural outcomes
in terms of overall symptom improvement and steroid wean-
ing, the underlying pathology has significant implications.
Not only does the pathology itself affect both PFS and OS
[29,30,36,37], but in incompletely ablated lesions, knowledge
of the pathology based on intra-operative biopsy, which
remains the gold standard for diagnosis, may impact post-
operative management [21,43]. For instance, a diagnosis of
RN for patients on immunotherapy for melanoma may neces-
sitate cessation of immunotherapy and initiation of steroid
therapy. In contrast, an intra-operative biopsy result of viable
tumor may guide more aggressive thermal ablation of the
lesion or following the LITT procedure with consolidative
radiation therapy or medical therapies, supported by prior
evidence that adjunctive treatment after LITT for recurrent
tumors may prolong local progression-free and overall sur-
vival [38]. Further data are needed to determine the value of
lesion biopsy at time of LITT but distinguishing between RN
and recurrent tumor at time of surgery may be valuable for
both intra-operative decision-making as well as post-opera-
tive management of intracranial and systemic disease.

Although most cases of RN have been described in cases
of radiation of brain metastases, RN has also been reported
extensively in the neurosurgical literature for gliomas [44–46]
and arteriovenous malformations [5,47,48]. and likely as peri-
tumoral edema for SRS-treated meningiomas. However, stud-
ies for LITT in cases of suspected RN after radiation of these
pathologies have been markedly absent and are an area of
much needed further study. Our institution has preliminary
experience in the treatment of RN with LITT outside of prior
radiation to brain metastases, and we suspect LITT may be
equally as efficacious in these cases of RN, irrespective of ori-
ginal pathology.

Conclusions

LITT appears to be a viable surgical option for patients with
suspected RN after previous radiosurgery for brain metasta-
ses with low rates of peri-procedural morbidity, short hospi-
talization stays. Its use can result in an ability to wean off of
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steroids with acceptable rates of symptom improvement.
LITT can be considered as an equally efficacious alternative
surgical therapy to open resection in asymptomatic patients
with surgically accessible lesions less than 3 cm diameter, for
whom histopathological diagnosis and local control of the
lesion are the main goals of surgery. Further data are needed
to determine if LITT can be similarly applied in cases of RN
after radiation for other pathologies, including primary brain
tumors and arteriovenous malformations.
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