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ABSTRACT

Laser interstitial thermal therapy (LITT) is a minimally invasive therapy that have been used for brain
tumors, epilepsy, chronic pain, and other spine pathologies. This therapy is performed under imaging
and stereotactic guidance to precisely direct the probe and ablate the area of interest using real-time
magnetic resonance (MR) thermography. LITT has gained popularity as a treatment for glioma because
of its minimally invasive nature, small skin incision, repeatability, shorter hospital stay, and the possibil-
ity of receiving adjuvant therapy shortly after surgery instead of several weeks as required after open

ARTICLE HISTORY
Received 4 February 2020
Revised 30 April 2020
Accepted 6 May 2020

KEYWORDS
Laser; thermal ablation;
glioma; tumor; LITT

surgical resection. Several reports have demonstrated the usefulness of LITT in the treatment of
newly-diagnosed and recurrent gliomas. In this review, we will summarize the recent evidence of this
therapy in the field of glioma surgery and the future perspectives of the use of LITT combined with

other treatment strategies for this devastating disease.

Introduction

Laser interstitial thermal therapy (LITT) is a minimally invasive
therapy that have been used for brain tumors, epilepsy,
chronic pain, and other spine pathologies [1-4]. This therapy
is performed under imaging and stereotactic guidance to
precisely direct the probe and ablate the area of interest
under real-time MR thermography [5]. This MR sequence
detects the differential temperature-specific proton reson-
ance frequency in water molecules and therefore provides
the ability to predict the lesion extent by measuring the
change in temperature over time [5]. LITT is particularly use-
ful for deep-seated tumors having difficult accessibility for
open surgical approaches. Nonetheless, some reports suggest
that hyperthermia induced by LITT may have synergistic
effects with ionizing radiation or may disrupt the blood-brain
barrier (BBB) facilitating the delivery of chemotherapy [6,7].
The mechanism of tumor tissue damage by LITT is related
to the temperature and the time the tissue is exposed to
that temperature. Glioma cells are particularly sensitive to
heat damage due to the local hypoxia and the acidic envir-
onment compared with the surrounding normal brain tissue
[8]. The first area immediately surrounding the LITT probe
can reach temperatures as high as 60°C that would cause
coagulative necrosis in the core of the ablated area. For
instance, with temperatures in the range between 50°C and
80°C for less than 10-min there is tumor necrosis by means
of protein denaturation. In the second more external area,
immediately surrounding the first area, there is still

permanent damage of the cancerous tissue associated with
interstitial fluid. Finally, there is also a third marginal area
that represents viable brain tissue with edema [9]. After the
ablation, this marginal area would increase in size during the
first 2 weeks because of the presence of central liquefactive
necrosis associated with peripheral edema [9]. The appear-
ance on the MRI of the central zone consist on T1 and T2
hyper and hypointensity respectively and this is correlated
with damage of cellular membranes of the tumor tissue,
hemoglobin degradation, and leakage from the red blood
cells that gives the T1 hyperintense appearance. On the
other hand, the peripheral zone demonstrates the typical
appearance of vasogenic edema with T1 hypointense and T2
hyperintense areas. This area correlates with necrotizing
edema and is associated with BBB disruption and therefore
contrast enhancement in the MRI. Surrounding these two
areas, there is an area of perilesional edema that contains
viable nervous tissue. Over time the central core of the
ablated area will eventually be replaced with granulation tis-
sue that in turn will cause lesion shrinkage [9-11]. This is cor-
related with the T1 hyperintense area begin to decrease in
size and the T1 peripheral hypointense area increases con-
centrically. At the same time the ring-enhancement at the
periphery could decrease with some residual enhancement
that can be present years after the ablation. Finally, the per-
ilesional edema usually resolves between 2weeks and
2 months after ablation [12-14].
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LITT in gliomas

High grade gliomas (HGG), WHO grade lll and IV, are the
most frequent primary malignant brain tumors with an

annual incidence of 3-4 per 100,000 population [15].
Glioblastoma (GBM) has a dismal prognosis with a
14-16 month median survival after gross-total resection,

chemotherapy, and fractionated radiation [16]. Anaplastic
astrocytoma, on the other hand, has a slightly better progno-
sis than GBM with a 3.5 year median survival [16]. Overall sur-
vival (OS) will depend on several factors including Karnofsky
performance status (KPS), age, tumor extension, neurological
deficit, molecular or genetic markers, extent of resection
(EOR), and chemoradiation treatment [17,18]. It is established
that one of the modifiable factors for survival in HGG is the
EOR but also the residual tumor volume left after surgery
[19-21]. Therefore, the current standard of care involves a
multidisciplinary approach including maximal safe tumor
cyto-reduction with subsequent chemotherapy and radiation
[22]. There are several surgical techniques that would
improve the EOR while making the surgery safer by minimiz-
ing morbidity secondary to neurological deficits when elo-
quent or difficult-to-reach areas are involved [23-25]. These
techniques include awake mapping, intraoperative MRI, func-
tional MRI and/or tractography, parafasicular technique, and
use of 5-aminolevulenic acid, among others. However, in
some cases, HGG are located in brain regions that subject
the patient to an unacceptable risk of morbidity if open sur-
gical resection is performed even with the abovementioned
strategies. Even with maximal resections and secondary treat-
ments, according to the current standard-of-care, HGG will
eventually recur and at that point the prognosis is even
poorer with a 5-15% 6-month progression-free survival (PFS)
[26,27]. LITT has gained popularity in these instances because
of its minimally invasive nature and other advantages includ-
ing small skin incision, shorter hospital stay, and the ability
to receive adjuvant shortly after surgery instead of several
weeks as required after open surgical resection. Several
reports have demonstrated the usefulness of LITT in the
treatment of newly-diagnosed and recurrent gliomas in
adults and also for pediatric populations (Table 1).

LITT in recurrent high-grade gliomas

HGG will eventually recur and not all patients will be eligible
for surgical treatment at that time. It has been suggested
that the median survival for GBM at first progression is
between 30 and 39 weeks [54]. There are different treatment
strategies for patients with recurrent HGG including chemo-
therapy (lomustine, bevacizumab, temozolomide, carmustine
wafers), radiotherapy, stereotactic radiosurgery, immunother-
apy, high-dose brachytherapy, and reoperation [55]. Some
studies provide evidence that EOR is also correlated with sur-
vival in patients with recurrent HGG [56]. Surgical resection
for recurrence may provide benefit in terms of survival but
the risk of complications is higher than for newly-diagnosed
patients and is even higher for resection at second recur-
rence [28,57]. Several factors have to be taken into account
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when considering surgical resection such as whether the
tumor is in or near eloquent areas, performance status, and
subependymal infiltration among others. These factors can
potentially prevent the patient from undergoing surgical
treatment or other oncological treatments. Therefore, as a
minimally invasive treatment, LITT can provide a safe and
effective cytoreductive option for patients with recurrent
HGG [39]. Furthermore, LITT can also offer the ability to treat
recurrent tumors in deep or eloquent areas that would be
considered inoperable for open surgery [47]. As previously
stated, there are unique advantages of LITT in the setting of
recurrent HGG in comparison with open surgery. These
include smaller incisions that would lead to fewer wound
complications, shorter recovery time and therefore possibility
of oncological treatment in the early postoperative period.
All these and other advantages make LITT particularly useful
for patients with recurrent HGG. Despite this, there are some
limitations or disadvantages of LITT including the potential
of post-procedure edema, thermal injury of eloquent areas
or major blood vessels, and also larger tumors may require
multiple trajectories.

Schwarzmaier et al. reported two patients with recurrent
GBM treated with LITT with OS of 13 and 15months [58].
Later on these authors reported 16 patients with recurrent
GBM treated with LITT and a median OS of 11.6 months was
achieved after LITT [48]. Moreover, Carpentier et al. reported
median PFS and OS times of 30days and 10 months respect-
ively in 4 patients with recurrent GBM treated with LITT [49].
Sloan et al. published the first human phase | study that
used escalating dose of hyperthermia to assess the safety
and efficacy of the procedure in patients with recurrent HGG
[39]. This multi-institutional study included 11 patients and
was carried out using the NeuroBlate System (Monteris
Medical, Inc., Plymouth, MN) with a follow-up for a minimum
of six months or until death. These authors assessed three
escalating thermal damage thresholds (TDT) as follows: First,
the yellow TDT line (equivalent to heating of tissues to 43 °C
for 2 min); second, the blue TDT line (43°C for 10 min); and
third, the white TDT line (43°C for 60 min). Initially three
patients were treated with the first threshold and followed
for 14 days to assess for signs of toxicity. If two out of three
patients developed signs of toxicity, no further dose escal-
ation was performed. If no toxicity was observed, the dose of
treatment was escalated to the second and third TDT
sequentially. The median OS was 10.5months after LITT
which was increased compared to historic controls by
3-9months [59,60]. These findings demonstrated that LITT
was a feasible and safe treatment modality for recurrent
HGG. Later, Mohammadi et al. published a retrospective mul-
ticenter study including 34 patients with recurrent and
newly-diagnosed HGG treated with the NeuroBlate System.
They reported a one-year survival rate of 68% and a median
PFS of 5.1 months. In this study, it was found that the extent
of tumor coverage is as important as the EOR in open sur-
gery with the caveat that this may not be the case in recur-
rent HGG. The recurrence pattern of the ablated tumors is
similar of what we have seen in open resection with most
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recurrences within the treatment field or in the immediate
periphery [47].

LITT in newly-diagnosed high-grade gliomas

Traditionally, the standard treatment for patients with newly-
diagnosed HGG is maximal safe resection followed by che-
moradiation. In some cases, this standard strategy, cannot be
carried out when eloquent or difficult-to-access areas are
involved by the tumor because of an unacceptable risk of
morbidity. In those cases, the standard of care include biopsy
followed by chemoradiation and this is associated with a
clear disadvantage in regards of tumor cytoreduction that
would be provided by surgical resection. LITT has shown to
be a safe and feasible cytoreductive therapy in patients with
recurrent HGG. Furthermore, in newly-diagnosed HGG, LITT
may provide comparable outcomes to open surgery. A
recent metanalysis assessed the use of LITT for newly-diag-
nosed HGG [2]. Four articles were identified where 25
patients were treated with LITT for newly diagnosed HGG.
The results of this meta-analysis were comparable to open
surgery in terms of OS for selected patients. The rate of com-
plications was also similar to open surgery [2,61,62].
Therefore, LITT was demonstrated to be a safe and effective
strategy for newly diagnosed HGG achieving outcomes simi-
lar to cases with open surgical resection. Thomas et al.
reported the outcome of eight patients with newly diag-
nosed HGG located in the insula, deep nuclei, and other diffi-
cult-to-access locations. These patients did not achieve
tumor response in imaging surveillance after LITT procedure
and therefore, the findings of this study did not clarify the
role of LITT in newly-diagnosed difficult-to-access HGG [28].
Conversely, Mohammadi et al. demonstrated an improved
disease-specific OS and PFS in patients treated with upfront
LITT followed by chemoradiation compared with a propen-
sity score-matched control group based on age, gender,
tumor location, and tumor volume. This group was treated
with biopsy-only followed by chemoradiation. These authors
also demonstrated that the extent of ablation is an inde-
pendent predictor of disease-specific OS and PFS. In this
study, tumor progression was defined as per the response
assessment in neurooncology (RANO) criterion for HGG. Also,
disease-specific OS was analyzed using competing risks
methods where death from reasons other than tumor pro-
gression was considered a competing risk [50]. An illustrative
case from our experience demonstrating a newly diagnosed
GBM treated by LITT and its 7years follow up is demon-
strated in Figures 1 and 2.

LITT in difficult to access high-grade gliomas

LITT is a particularly useful technique for difficult-to-access
HGG since these tumors are usually not amenable for open
surgery. These tumors include corpus callosum, thalamus,
basal ganglia, limbic lobes, or small tumors located deep in
the white matter; this can also include tumors located in elo-
quent areas [13]. In order to consider open surgery for these
tumors, the surgical plan would include long and narrow
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surgical corridors that could pose a significant risk of injury
to a great deal of normal brain tissue. This would in turn be
associated with unacceptable neurological complications that
would worsens the performance status and quality of life of
these patients. Therefore, in the majority of these cases,
patients would only be considered for biopsy and subse-
quent chemoradiotherapy. With the advent of LITT, these
kind of tumors can be cytoreduced while minimizing the
amount of normal brain tissue manipulation and with a rate
of complications comparable to open surgery for accessible
HGG [1]. At the same time, chemoradiotherapy treatment
(CRT) can be administered in the early postoperative period
as it is usually done in biopsy cases. Mohammadi et al.
showed that upfront treatment with LITT followed by CRT is
associated with a better disease-specific OS and PFS than
biopsy followed by CRT [50]. These authors also demon-
strated that extent of ablation, defined by the TDT lines, is
an independent predictor of improved disease-specific OS
and PFS. In an earlier study, the same group investigated the
use of laser for difficult to access HGG. This study included
patients with HGG treated with LITT as upfront or as salvage
therapy [47]. It was again demonstrated that complete cover-
age of the lesion by the TDT lines correlated with better PFS.
As expected, smaller tumors were more likely to have com-
plete coverage with the TDT lines. This evidence demon-
strates that LITT is an effective treatment modality for newly
diagnosed and recurrent HGG and that complete coverage
of the tumor is as important as gross total resection in
open surgery.

HGGs of the corpus callosum are associated with poor
survival because of the inability to obtain a meaningful
extent of resection. In a recent study, Beaumont et al. dem-
onstrated that treatment with LITT in patients with HGG in
the corpus callosum has comparable median survival of
7 months after LITT when compared with surgical series with
~65% extent of resection. In this study, patients with larger
tumors (>15cm?) were 6 times more likely to experience a
complication and based on this, the authors recommended
to consider LITT for patients with 15cm? as a volume thresh-
old [51]. As previously demonstrated by others, this study
also highlights the importance of tumor coverage for maxi-
mizing the survival benefit. Shah et al. showed, in a small
case series, that LITT could equal the results of open surgical
resection for selected patients with deep inaccessible glio-
mas that would otherwise be offered a stereotactic biopsy
[52]. Based on this pooled evidence, LITT seems to be a rea-
sonably effective option for patients with deep-inaccessible
or eloquent regions tumors, ideally less than 2.5-3 cm diam-
eter. Similar to surgical series, neurosurgeons should be able
to ablate at least 78-80% of the tumor in order to achieve a
meaningful survival benefit.

Special imaging modalities in LITT

When HGG are located in eloquent areas the risk for signifi-
cant neurological deficits in most cases is unacceptably high.
Awake craniotomy, or surgical resection coupled with naviga-
tion, functional MRI, or tractography can minimize the risk of
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Figure 1. lllustrative case: 48 years old male admitted with complaints of cognitive decline and dizziness. Intracranial imaging showed a left paracentral lobule
lesion where frozen section biopsy demonstrated glioblastoma and the patient underwent concurrent LITT. The patient received adjuvant treatment with radiation
and temozolomide. Subsequently, the patient received monthly temozolomide maintenance doses. After 6 cycles, the patient returned back to work and reported
no seizures or side effects. Overall, the patient completed 22 cycles of temozolomide and then treatment was discontinued. At the end of 6 years, MRI showed
near total resolution of the lesion with minimal residual edema. The figure shows MRI images with T1 axial contrast-enhanced, T1 coronal contrast-enhanced and

flair axial images from preoperative period to 36th month.

postoperative deficits. Furthermore, the use of intraoperative
imaging can enhance the safety of the procedure by provid-
ing an updated information on the locations of residual
tumor and the structures at risk. Still, there are some
instance where the tumor is located in or near eloquent
regions and the surgical resection or even the surgical corri-
dor to those regions would pose significant risk such as
deep white matter, thalamic, or basal ganglia tumors, among

others. In these cases, LITT is particularly useful for its minim-
ally invasive nature and the flexibility of the system for com-
plex and multiple trajectories. However, the most common
complication for LITT is temporary or permanent neurological
deficit ranging from 0% to 29.4% for transient and 0% to
10% for permanent deficits. In many cases these deficits are
related to white matter damage from hyperthermia. Also,
another serious, albeit rare, event after LITT is
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Figure 2. 40 months after completing temozolomide, a heterogeneously contrast-enhanced lesion was found at the left operculum. The patient was right-handed
and his left hemisphere was determined to be dominant for speech using functional MRI. A stereotactic biopsy was performed and GBM was confirmed. The
patient was enrolled in one of our clinical trials “A Randomized Phase 2 Open Label Study of Nivolumab plus Standard Dose Bevacizumab versus Nivolumab plus
Low Dose Bevacizumab”. He since has had disease progression and placed back on temozolomide. The figure shows MRI images with T1 axial contrast enhanced,

T1 coronal contrast enhanced and flair axial images from 6th year to recurrence.

pseudoaneurysm formation and rupture and this seems to
be associated with thermal damage of the blood vessels [53].
Careful preoperative planning using MRI angiography or trac-
tography should increase the safety of the procedure.
Tractography is a technique that models the trajectory of the
major white matter pathways in the brain. This technique is
based on the DWI sequence that maps the movement of
water molecules in the brain. Tractography has been used
with LITT in order to avoid the damage of the white matter
pathways around the tumor. Sharma et al. study the extent
of involvement of the corticospinal tract by the threshold
lines defined in the NeuroBlate System [63]. They showed
that even minimal involvement of the CST by the ablation
area can cause motor deficit after ablation. This study
showed similar results as has been demonstrated in the use
of tractography in open surgical resections. Therefore, trac-
tography of the eloquent white matter pathways is a useful
adjunct in the planning and treatment of HGG with LITT.
This way, it is possible to avoid overlap of the critical TDT
lines with the white matter tracts and thereby minimize the
risk of neurological deficit. Another advantage of LITT com-
pared to craniotomy, is that brain shift is minimal (if at all)

and the visualization of the locations of critical structures are
maintained. DWI has also been evaluated in regards to its
prognostic significance after LITT. Mohammadi et al. sug-
gested that areas of DWI signal decrease and an increase in
apparent diffusion coefficient along the peritumoral areas in
the 24h post-LITT MRI could harbor residual tumor. These
findings could potentially be used to identify areas of future
progression and recurrence [29].

Chemotherapy and LITT

One of the main difficulties for chemotherapy to reach
appropriate concentrations in brain tissue is the presence of
the blood brain barrier (BBB). Several methods have been
devised with the aim of improving the delivery of chemo-
therapeutic agents to the tumor by either direct contact with
the tumor or temporary disruption of the BBB. These meth-
ods include focused ultrasound, convection-enhanced deliv-
ery, intratumoral delivery, or intrarterial mannitol injections.
LITT has been implicated in the transient disruption of the
BBB at the periphery of the ablation region which is in turn
correlated with the zone of contrast-enhancement. This has
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been demonstrated in animal models but also was demon-
strated using advance MRI imaging in human subjects [6,30].
It was suggested that the BBB is disrupted for the first few
weeks after ablation. Therefore, LITT could potentially
enhance chemotherapy delivery to brain tumor tissue in the
perioperative period. The ability of LITT to temporarily dis-
rupt the BBB has also been demonstrated in animal models
where increased infusion of dye and/or a chemotherapeutic
drug in the perlesional tissue has been observed after local
hyperthermia [6,54,64]. Leuthardt et al reported a cohort of
recurrent HGGs calculating the vascular transfer coefficients
using dynamic contrast-enhancement MRI after treatment
with LITT. They demonstrated that disruption of the BBB
effect extends outwards 1-2cm from the tumor ring and
persisted for up to 4 weeks after LITT. The authors state that
this effect can potentially enhance the delivery of chemo-
therapeutic agents that would be otherwise hampered by
the BBB [30].

Radiation therapy and LITT

Radiotherapy is part of the standard of care for newly-diag-
nosed glioblastoma and has also been used as a salvage
therapy, along with stereotactic radiosurgery, for recurrent
GBM [56]. Currently there are some studies based on animal
experiments demonstrating the synergistic effect of hyper-
thermia and ionizing radiation [65,66]. It has been suggested
that hyperthermia would sensitize tumor tissue to radiation
therapy and therefore enhancing the cytotoxic effects of the
radiation on the tumor tissue. One of these studies demon-
strated that glioma stem cells are more significantly dam-
aged when hyperthermia is used in conjunction with
radiation therapy. This synergistic effect produced impair-
ment in the mechanisms of cell repair which translated into
a consistent reduction in tumor size and improved survival
in the animals exposed to both therapies compared with ani-
mals exposed to one of them [7]. Furthermore, clinical evi-
dence has also shown benefit of simultaneous hyperthermia
and radiotherapy in terms of OS for patients with
HGG [56,67].

Current perspectives

For newly-diagnosed HGG, LITT would be indicated mostly
for smaller deep seated brain tumors that craniotomy may
have higher complication risk. For smaller tumors close to
surface, using LITT or craniotomy depends on the surgeon
and patient discretion given the minimally invasive nature of
the LITT. For larger tumors, LITT would need to be combined
with a surgical debulking technique such as craniotomy or
tubular retraction devices. Given the longer surgical time to
do combined procedures, there is limited advantage of doing
LITT for large tumors with mass effect compared with crani-
otomy. On the other hand, for recurrent HGG, LITT is useful
for nodular recurrence. Even for larger recurrences, LITT
might have advantage over craniotomy due to minimally
invasive nature and small size of incision in a post-radiation
scalp. For both newly-diagnosed or recurrent HGG, LITT

would be indicated if a total or near-total ablation is feasible
with one or two trajectories. Partial ablation seems to have
limited benefit in terms of overall or progression-
free survival.

Because of the minimal postoperative care needed after
uneventful LITT, a reasonable question would be if reducing
the time between LITT and chemoradiation would be a safe
intervention associated with increase survival. An ongoing
clinical trial was devised to answer this specific question. The
main aim of this study is to determine the safety and feasi-
bility of reducing the time interval between LITT and the
start of chemoradiation to < 7 days. The primary endpoint is
determined by the number of patients who experience pre-
specified adverse events including wound dehiscence, seiz-
ures, cerebral edema, or failure to complete a course of
60 Gy radiation (clinicaltrials.gov, NCT02970448). Another clin-
ical trial is aims to evaluate the initiation of chemotherapy
with lomustine on postoperative day 1 followed by six cycles.
The primary outcomes include different measures of disease
control, OS and PFS as well as toxicity (clinicaltrials.gov,
NCT03022578). In the same line, a clinical trial has also been
created to evaluate the use of chemotherapy in the peri-
operative period of LITT. In this case, pembrolizumab will be
administered 7 days before, and 14 and 35days after LITT in
order to evaluate optimal timing of LITT/pembrolizumab as
well as tumor response, OS and PFS (clinicaltrials.gov,
NCT03277638). In regards to the potential synergistic effect
of hyperthermia and ionizing radiation, another clinical trial
will evaluate the treatment regimen of using LITT and hypo-
fractionated radiation therapy in patients with recurrent
HGG. The primary endpoint of this study is completion of
the treatment protocol without undue treatment-related
acute. The secondary endpoints include different measures
of OS and PFS, response rate, and quality of life (clinical-
trials.gov, NCT04181684).

To date, most all clinical reports have repeatedly high-
lighted the importance of the extent of ablation. In order to
maximize the extent of ablation while minimizing thermal
damage of the surrounding brain tissue, the near real-time
temperature monitoring must correlate with the depiction of
the dose delivery provided by the laser workstation. In this
sense, there are several tissue factors that will influence the
extent of ablation such as histological type of the tumor or
blood vessels [68]. The development of more accurate meth-
ods to determine the extent of ablation will be needed since
this is an important predictor of OS and PFS. In terms of
image guidance, improvements in MRI coil design and devel-
opments in laser probe design will not only improve the
flexibility of the treatment but also would expand the possi-
bility to treat lesions with even more complex shapes and
locations. For instance, novel designs in the laser tip could
provide the possibility to treat tumors in sensitive structures
such as the brainstem [69]. Furthermore, Hafez et al reported
the first case with a staged ablation of a large left insular
tumor in order to minimize the postoperative edema or vas-
cular complications in this highly eloquent area [70].
Moreover, Laurent et al. demonstrated the successful



application of LITT without general anesthesia in a small
cohort of patients (mostly HGG) without any major complica-
tion [71].

Conclusions

LITT is a minimally invasive technique that is safe and well-
tolerated in the treatment of brain tumors. This technique is
particularly useful for HGGs in difficult-to-access or eloquent
regions because of its ability to cytoreduce tumor while hav-
ing direct visualization of nearby critical brain structures
throughout the procedure due to minimal brain shift during
the intervention. Established evidence has demonstrated that
LITT confers improved OS and PFS in patients with newly-
diagnosed and recurrent HGG undergoing a near-complete
ablation. It remains to be seen if LITT’s ability to improve the
delivery of chemotherapy by disrupting the BBB will be asso-
ciated with improved OS. Similarly, the synergistic effect of
hyperthermia and ionizing radiation will need to be eval-
uated by well-designed clinical trials.
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