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BACKGROUND: Laser Ablation of Abnormal Neurological Tissue using Robotic NeuroBlate
System (LAANTERN) is an ongoingmulticenter prospective NeuroBlate (Monteris Medical)
LITT (laser interstitial thermal therapy) registry collecting real-world outcomes andquality-
of-life (QoL) data.
OBJECTIVE: To compare 12-mooutcomes fromall subjects undergoing LITT for intracranial
tumors/neoplasms.
METHODS: Demographics, intraprocedural data, adverse events, QoL, hospitalizations,
health economics, and survival data are collected; standard data management and
monitoring occur.
RESULTS:A total of 14 centers enrolled 223 subjects; themedian follow-upwas 223 d. There
were 119 (53.4%) females and 104 (46.6%) males. The median age was 54.3 yr (range 3-86)
and 72.6%had at least 1 baseline comorbidity. Themedian baseline Karnofsky Performance
Score (KPS) was 90. Of the ablated tumors, 131 were primary and 92 were metastatic. Most
patients with primary tumors had high-grade gliomas (80.9%). Patients with metastatic
cancer had recurrence (50.6%) or radiation necrosis (40%). The median postprocedure
hospital stay was 33.4 h (12.7-733.4). The 1-yr estimated survival rate was 73%, and this was
not impacted by disease etiology. Patient-reported QoL as assessed by the Functional
Assessment of Cancer Therapy-Brain was stabilized postprocedure. KPS declined by an
averageof 5.7 to 10.5 points postprocedure; however, 50.5%had stabilized/improvedKPS at
6mo. Therewere no significant differences in KPS orQoLbetweenpatientswithmetastatic
vs primary tumors.
CONCLUSION: Results from the ongoing LAANTERN registry demonstrate that LITT stabi-
lizes and improves QoL frombaseline levels in amalignant brain tumor patient population
with high rates of comorbidities. Overall survival was better than anticipated for a real-
world registry and comparative to published literature.
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L aser interstitial thermal therapy (LITT)
with magnetic resonance imaging (MRI)
guidance has been used for more than

ABBREVIATIONS: ADL, activities of daily living; CI, confidence interval; EQ-5D, EuroQol 5-dimensional; FACT-Br,
Functional Assessment of Cancer Therapy-Brain; GBM, glioblastoma; IADL, instrumental ADL; IRB, institutional
review board; KPS, Karnofsky Performance Score; LAANTERN, Laser Ablation of Abnormal Neurological Tissue
Using Robotic NeuroBlate System; LITT, laser interstitial thermal therapy;MRI,magnetic resonance imaging;QoL,
quality of life; STROBE, Strengthening the Reporting of Observational Studies in Epidemiology;VAS, visual analog
scale;WHO,World Health Organization
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10 yr to treat patients with glioblastoma (GBM),
brain metastases, gliomas, radiation necrosis,
and epilepsy.1 Since 2015, over 700 patient
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12-MONTH OUTCOMES OF LASER ABLATION FOR BRAIN TUMOR

experiences have been described in peer-reviewed literature of
laser ablation or “LITT” for primary and metastatic brain tumors
(PubMed search 2019). However, commercial use of LITT is
estimated to be over 5000 procedures at approximately 150 sites
in the USA.
Laser Ablation of Abnormal Neurological Tissue Using

Robotic NeuroBlate System (LAANTERN) is unique relative
to previous studies because it is a prospective, multicenter
Real World Evidence registry enrolling up to 1000 subjects
who undergo the NeuroBlate (Monteris Medical; Plymouth,
Minnesota) LITT procedure. The multicenter nature of the
registry provides a more generalized description of utilization
and outcomes vs most existing publications, which are limited
to single institutions. In addition, the prospective nature of
data collection allows reporting on metrics that are difficult
to accurately capture retrospectively, such as safety, cognitive
assessment, and quality of life (QoL). Initial 30-d safety experi-
ences from LAANTERN showed low rates of complications,
which were similar to brain needle biopsy.2,3 LAANTERN is in
its third year of enrollment and has approximately 500 subjects
enrolled. Here we present the 12-mo survival and QoL outcome
experiences for over 200 subjects undergoing LITT for brain
tumors. Measurement of QoL outcomes is an important aspect of
the registry because patients with brain tumors often experience
cognitive dysfunction associated with the underlying disease and
treatments, including surgery, radiation, and chemotherapy.4
Additionally, repeat surgeries are more likely to result in the
worsening of QoL.5 These data will be useful in future study
comparisons and set a benchmark for what QoL outcomes could
be expected after LITT for brain tumor.

METHODS

Study Design and Participants
This multisite, prospective registry enrolled subjects across 20

centers. Details pertaining to the LAANTERN registry were previ-
ously described.2,3 This real-world registry includes LITT patients who
consent to provide follow-up data; there are no other exclusion criteria for
participation in the study. Standard data management and monitoring
procedures with source verification were applied to ensure accurate entry
of deidentified data into a standardized, part 11 compliant electronic
database. The institutional review boards (IRBs) of all participating
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centers reviewed and approved the study protocol, and informed consent
was obtained for all subjects via IRB-approved forms. The LAANTERN
study was designed to identify thermocoagulation- or surgery-related
complications that occur at >0.1% frequency, with the target sample
size of 1000 subjects commonly used in observational studies aiming to
characterize the safety of interventions.6 This manuscript was prepared
in accordance with the STROBE (Strengthening the Reporting of Obser-
vational Studies in Epidemiology) guidelines.

This analysis includes 223 subjects enrolled in LAANTERN who
met the following criteria: procedure date on or prior to May 31, 2018
(allowing for approximately 12-mo follow-up), enrollment occurred at
a US center, and patient had at least 1 brain neoplasm ablated during
the index procedure (inclusive of tumor with or without radiation
necrosis).

Surgical Management
All centers used the FDA-cleared NeuroBlate System (Monteris

Medical), as previously described.7 The system employs a robotically
controlled 1064-nm laser probe and uses MRI thermometry to inform
the surgeon of predicted zones of protein denaturation and cell death.
Surgical technique, preplanning, and biopsy at the time of LITT were
performed as standard of care at each participating institution.

OutcomeMeasures
LAANTERN collects disease-specific outcome measures, including

adverse events/complications, overall survival, and patientQoL. Baseline,
procedural parameters, and follow-up were collected per standard of
care practices at each institution. Overall survival was estimated using
the Kaplan-Meier method.8 QoL measures were assessed at baseline and
follow-up visits (1, 3, 6, and 12 mo). QoL questionnaires and measure-
ments commonly used in the brain-tumor population were selected for
use in LAANTERN to assess the change in patient condition. When
assessing the change in QoL, it is common to include a disease-specific
questionnaire (Functional Assessment of Cancer Therapy-Brain [FACT-
Br]) in addition to a generic questionnaire (EuroQol 5-dimensional [EQ-
5D]). Questionnaires were provided for all institutions in the study via a
third-party licensing agreement and were previously validated following
principles of test construction and evaluation.9-11 FACT-Br yields infor-
mation about total QoL for adults with malignant brain tumors and is
measured on a scale of 0 to 200, with 200 being best overall well-being.9
It includes information about the dimensions of physical, social/family,
emotional, functional well-being, and disease-specific concerns. The EQ-
5D version 3 L is used worldwide to measure patient-reported outcomes
for the valuation of health.12 The 5 dimensions of EQ-5D include
mobility, self-care, usual activities, pain/discomfort, anxiety/depression,
and a visual analog scale (VAS) that assesses the patients’ feelings of
“best possible health state.” The overall health state ranges from 1 “full
health” to 0 “worst health.” Karnofsky Performance Scale (KPS) index
was assessed by the physician on a scale of 0 to 100, with 100 being
functionally healthy and having no symptoms of disease.13

Statistical Analysis
Statistical analysis was performed as described previously.2,3 The Cox

proportional hazard model was used for correlative analyses using a lesion
size >3 cm in maximum diameter. A P value < .05 was considered
to indicate statistical significance. Subjects with incomplete data were
excluded from pertinent categorical analyses. Per-patient analyses were
performed for all longitudinal assessments (KPS and QoL).
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TABLE 1. Baseline and Procedural Characteristics

All patients Metastatic tumor Primary tumor
Characteristics andmeasures (n= 223) (n= 92) (n= 131)

Age, mean (SD), yr 54.3 (16.5) 59.6 (12.4) 50.6 (17.9)
Female, no. (%) 119 (53.4) 59 (64.1) 60 (45.8)
Race/ethnicity, no. (%)a

White 199 (89.6) 77 (84.6) 122 (93.1)
Black/African American 15 (6.8) 10 (11) 5 (3.8)
Asian 3 (1.4) 1 (1.1) 2 (1.5)
Other/unknown 6 (2.7) 4 (4.3) 2 (1.5)

Trajectories, no. (%)b

Single 217 (93.9) 92 (96.8) 125 (91.9)
Multiple 14 (6.1) 3 (3.2) 11 (8.1)

Tumors ablated, median [range] 1.0 [1-2] 1.0 [1-2] 1.0 [1-2]
Burr holes, median [range] 1 [1-4.0] 1 [1-4] 1 [1-2]
Blood loss, mean (SD), mL 12.3 (36.9) 20.5 (53.8) 7.0 (18.3)
Total procedure time, mean (SD), min 193.1 (80.9) 185.3 (64.2) 198.8 (91.1)

aHispanic/Latino ethnicity indicated in 5 patients with primary tumor (3.8%).
bPatients may have multiple lesions ablated during the procedure; data reported per lesion. The maximum number of trajectories per lesion was 2.

RESULTS

Participants and Demographic Data
Of the 223 subjects enrolled at 14 centers with 231 ablated

tumors, there were 104 males and 119 females with a mean age of
54.3 yr (Table 1; Figure. Patient Flow Diagram, Supplemental
Digital Content). The cohort included 10 pediatric patients
(<18 yr of age). Average body mass index was 45.2. In total,
72.6% of patients had a baseline comorbidity. A total of 95
patients (42.6%) were current or former smokers, 17 (7.6%)
had a prior pulmonary/arterial/air embolism, and 33 (14.8%)
had a history of heart disease. Patients with metastatic brain
tumors had statistically higher rates of immune system disease
(10.9%; P = .034), pulmonary disease (48.9%, P < .0001), and
hypertension (45.7%, P = .038) than the primary tumor group.
Abnormal gait and reduced mobility were reported in 26% of
patients.
In total, 73.6% of patients had baseline neurological symptoms

ranging from subjective (patient reported) (20%), objective
(observable in clinic) but mild (43.6%), objective allowing activ-
ities of daily living (ADL), but not instrumental ADL (IADL)
(5%), and objective restricting ADL and IADL (5%). History
of seizures and current moderate to extreme anxiety/depression
was reported in 44.4% and 45% of patients, respectively. A total
of 90 patients (40.3%) were on a steroid at baseline (32.2%
of which was dexamethasone). Baseline anticonvulsant use was
reported as 39% levetiracetam, 2.69% lacosamide, 2.24% lamot-
rigine, 0.45% phenytoin, 0.45% carbamazepine, and 12% others.
At baseline, 14.5% of patients with primary brain tumors were
given temozolomide and 35.9% of patients with metastatic brain
tumors were on chemotherapy for systemic or brain disease.
Bevacizumab was used in 3.6% of patients within 60 d prior to

the procedure. The median baseline KPS was 90.0 [50.0, 100.0],
with 15 patients having a KPS score below 70.
LITT indications included primary brain tumor (131; 58.7%)

or metastatic brain tumor (92; 41.3%) (Figure 1). Primary brain
tumors were predominantly gliomas (80.9%), andWHO (World
Health Organization) grade classifications were 15.1% (16/106)
low grade (I and II) and 84.9% (90/106) high grade (III and
IV). Of the 90 high-grade gliomas, 30 were newly diagnosed.
Nearly all metastatic lesions (92.4%) were previously treated, and
the LITT procedure was indicated for tumor recurrence (50.6%),
radiation necrosis (40%), or unknown (9.4%). Stereotactic radio-
surgery was used more frequently (82%) than whole brain
radiation (7.8%) or local radiation therapy with a fractionated
treatment schedule (4.2%) in patients with metastatic tumors. Of
the patients with a prior surgical treatment that occurred within
the last 2 yr, resections were 50.5% gross total, 15.2% near gross
total, 13.1% subtotal, 18.2% biopsy/partial, and 3% unknown.
Overall, 24.9% of the tumors undergoing LITT were considered
difficult to access through open surgery and 58.6% of physi-
cians stated LITT was performed because a minimally invasive
procedure was preferred by the patient.

Procedural Outcomes and Hospitalization Data
Procedural experiences are described in Table 1, and the results

remain consistent with previous hospitalization and safety publi-
cations from the LAANTERN study.2,3 Ablated tumors were
primarily supratentorial (frontal 41.6%, parietal 19% temporal
15.2%, occipital 8.2%, corpus callosum 2.6%, thalamus 8.7%,
and deep nuclei 0.4%). However, 4.4% of tumors were in/near
the cerebellum (3.5%) or brainstem (0.9%). The average lesion
volume was 7.1 ± 14.7 cm3. Greater than 90% tumor ablation
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FIGURE 1. Tumor types. There were 131 primary tumors and 92 metastatic tumors. Other primary tumors included: “other”
primary tumor included tuberous sclerosis (5), teratoma (2), cavernous malformation (1), craniopharyngioma (1), gliosis (1),
ganglioglioma (1), or not specified/categorized.

TABLE 2. Hospitalization and Health Economics

All patients Metastatic tumor Primary tumor
Characteristics andmeasures (n= 223) (n= 92) (n= 131)

Length of hospital stay, median (range), h 33.4 (13–733) 32.9 (13-733) 33.8 (20-695)
Length of ICUa stay, median (range), h 18.8 (0–672) 2.7 (0-336) 21.7 (0-672)
Post-LITT discharge location, no. (%)
Home 186 (83.4) 77 (83.7) 109 (83.2)
Acute care hospital 5 (2.2) 1 (1.1) 4 (3.1)
Rehab facility 20 (9.0) 6 (6.5) 14 (10.7)
Skilled nursing facility 9 (4.0) 7 (7.6) 2 (1.5)
Hospice 0 (0) 0 (0) 0 (0)
Other 3 (1.3) 1 (1.1) 2 (1.5)

LITT/surgery-related serious adverse events, no. (%) 4 (1.8) 2 (2.2) 2 (1.5)
Repeat hospitalization within 30 d of procedure, no. (%) 4 (1.8) 2 (2.2) 2 (1.5)

aIntensive care unit (ICU); some institutions require ICU stay for all neurosurgery procedures.

was reported by the operating physician in 77.7% of proce-
dures. Hospitalization and safety experiences are presented in
Table 2. Most patients were discharged to home (83.4%) after
the procedure following a median 33.4-h hospital stay (range
12.7-733.4 h) with some extended stays due to planned staged
procedures rather than adverse events; however, one 30-d stay was
related to a procedurally related adverse event of left hemiplegia.
Only 9% of patients were discharged to a rehab facility and 4%
to a nursing facility. There were 24/223 (10.7%) patients with
adverse events that were considered possibly/definitely related
to the brain surgery or thermocoagulation; only 4/223 (1.8%)
of these were considered serious or resulted in rehospitalization
within 30 d of the procedure. Occurrence of procedurally related

adverse events was not correlated to lesion size (P = .858). There
was one death within 30 d that was not related to the LITT
procedure. Steroid use increased from 40.3% to 64% within 30 d
of the procedure; however, there were only 2 patients (0.9%) with
edema-related adverse events attributable to surgery.

Main Results: QoL Outcomes and Overall Survival
The median length of follow-up at the time of this report was

223 d. Figure 2 displays the results of the Kaplan-Meier Product
Limit analysis and provides raw counts of the available data
analyzed at each study interval. The 1-yr estimated survival rate is
73%, with a 95%CI of 65.3% to 79.2%. There was no significant
difference observed between patients with metastatic or primary
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FIGURE 2. Overall survival by tumor type. Kaplan-Meier curves estimate overall
survival through 24-mo follow-up. A, Survival in the overall tumor cohort was
73.0% at 12 mo. B, Survival for patients with primary vs metastatic tumors was
74.6% and 70.7% at 12 mo, respectively (P = .2581). There was no difference
in 12-mo survival in patients with new vs recurrent primary tumors (P = .4831).
C, Survival at 1, 3, 6, 12, and 24 mo for patients with metastatic brain tumor
recurrence was 90.5%, 78.3%, 72.7%, 68.1%, and 68.1% vs for patients with
radiation necrosis due to metastatic disease was 94.1%, 91.1%, 87.8%, 71.1%,
and 71.1%. These differences trended toward favoring better early survival for
patients with radiation necrosis; however, the differences were not statistically
significant (P > .05).

TABLE 3. Change in KPS (Follow-up to Baseline)a

All patients Metastatic tumor Primary tumor
Timepoint (mo) (n= 140) (n= 61) (n= 79)

Baseline score 85.5 (12.8) 84.7 (14.0) 86.2 (11.8)
1 –5.7 (12.1) –6.1 (12.6) –5.4 (11.7)
3 –7.0 (13.2) –5.8 (13.7) –7.8 (12.9)
6 –7.5 (13.0) –5.4 (13.8) –9.1 (12.2)
12 –10.5 (19.6) –7.3 (18.6) –13.2 (20.3)

aReported as mean (SD), per-patient analysis. Change at 1, 3, 6, and 12 mo; P < .0001.
KPS was collected per standard of care and is not conducted for all patients either due
tobeingnotdoneor for pediatric patientswhere the assessment is not ageappropriate.

tumors in overall survival (P = .32, log-rank test). However, at 1
and 3 mo there was a statistical difference in estimated survival
favoring the primary tumor cohort (98.4% vs 91.1%, P = .01
and 96.7% vs 84% P = .0012, respectively). Diagnosis with
recurrent primary tumors >3 cm in maximum diameter resulted
in an increased risk of mortality despite a complete (P = .014)
or near-complete ablation (P = .007). The estimated survival
rate of patients with high-grade gliomas at 12 mo was 68.55%
(CI 54.96%, 78.81%). There was no difference in the estimated
overall survival between patients with recurrent metastatic brain
tumor who had recurrence (50.6%) vs radiation necrosis (40%)
(P = .41, log-rank test). After it was determined that the
long-term survival between the metastatic and primary tumor
cohort was comparable, data were pooled for analyses of QoL
outcomes.
KPS declined for the overall tumor cohort at follow-up visits

1, 3, 6, and 12 mo by an average of 5.7 to 10.5 points; P < .0001
(Table 3). There was no (0) change in median score at 1, 3, and
6 mo; however, there was a median decrease of 10 points at 12
and 24 mo. In a categorical analysis, 50.5% had no change or an
improvement in KPS at 6 mo. There were no significant differ-
ences between the primary and metastatic patient populations.
FACT-Br and EQ-5D patient-reported questionnaire scores

were assessed at 1, 3, 6, and 12 mo post-LITT procedure.
The baseline median FACT-Br and EQ-5D scores were 141.3
[54.0, 199.0] and 0.8 [0.1, 1.0], respectively. The overall patient
population had an average decline of 4.5 and 4.3 points (on a scale
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FIGURE3. Change in FACT-Br scores. Change in FACT-Br scores was assessed from follow-up to baseline for the total tumor population.
FACT-Br total score declined by 4.5 and 4.3 points (200-point scale) at 1 and 3 mo after the procedure but was stabilized by 6 and
12 mo. Emotional well-being improved at all timepoints. Functional well-being decreased at 1 mo but improved to baseline levels by
3 mo. These changes did not meet the criteria for being clinically meaningful (>10% of instrument range, ± 20 points).14 Per-patient
analysis sample size: 1 mo, N = 145; 3 mo N = 137; 6 mo, N = 105; 12 mo, N = 75. ∗P < .05, ∗∗P < .001.

of 200) in overall FACT-Br scores at 1 and 3 mo; however, there
was no significant change at 6 and 12 mo compared to baseline
(Figure 3). These changes did not meet the criteria for being clini-
cally meaningful (>10% of the instrument range; 20 points).14
Emotional well-being improved by an average of 1 point (all
timepoints). There were no differences between FACT-Br scores
reported in the primary and those reported in metastatic patient
populations. EQ-5D general questionnaire scores reported similar
trends with no differences between patients with metastatic or
primary tumors. EQ-5D subscores for mobility, self-care, and
usual activities improved and scores for pain/discomfort, anxiety
depression, and VAS were stable (Table 4). The overall EQ-5D
index score declined –0.1 points from an average baseline score of
0.8 ± 0.2, possibly driven by a nonstatistically significant change
in VAS score (baseline of 66.3 ± 24.4; range 0-100). Figure 4
summarizes the results of the FACT-Br and EQ-5D assessments.

DISCUSSION

Key Results and Interpretation
The safety profile for the LITT procedure remains consistent

with or favorable to previous publications1,3,15,16 and is similar
to the 5% to 7% complication rate reported for stereotactic
biopsy.17-19 LITT is a surgical tool, and in the appropriate-use
scenarios, it can achieve a similar extent of resection to craniotomy
with a lower risk of complications.20 Length of stay, readmission
rates, and cost were also favorable to those reported in the liter-
ature for craniotomy.21-24

TABLE 4. Change in EQ-5D (Follow-up to Baseline)a

1 mo 3mo 6mo 12mo
(n= 145) (n= 132) (n= 101) (n= 70)

EQ Index total score –0.1 (0.2) –0.1 (0.2) 0.0 (0.2) –0.1 (0.2)
P value .0009 .0014 .1327 .0020
EQ-5D Subscores
Mobility 0.2 (0.6) 0.2 (0.5) (0.6) 0.1 (0.6)
P value <.0001 <.0001 .0105 .0404
Self-care 0.1 (0.5) 0.2 (0.5) 0.2 (0.5) 0.2 (0.6)
P value .0006 .0002 .0005 .0036
Usual activities 0.3 (0.6) 0.2 (0.6) 0.2 (0.6) 0.2 (0.6)
P value <.0001 <.0001 .0106 .0029
Pain/discomfort 0.0 (0.6) 0.1 (0.6) 0.0 (0.5) 0.1 (0.5)
P value .7865 .1745 .7169 .0882
Anxiety/depression 0.0 (0.6) –0.1 (0.6) –0.1 (0.6) 0.1 (0.6)
P value .8870 .2497 .1143 .3395
VAS –0.7 (21.9) –1.4 (23.7) –0.0 (21.6) 3.8 (18.1)
P value .6980 .5068 .9816 .0818

aReported as mean (SD).
VAS on a scale of 1 to 100 with 100 being “best possible health today.”

Overall survival in the total cohort of patients was consistent
with prior publications in similar patient populations. In the
recurrent brain metastases population, 26-wk overall survival and
progression-free survival after a LITT procedure ranged from
52% to 79% and 27% to 76%, respectively.25-28 This is in a
comparable range reported by Barnholtz-Sloan et al29 from a
2367 patient study indicating that the median survival from time
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FIGURE 4. Summary of patient questionnaire results. The infographic summarizes the results of the EQ-5D and
FACT-Br questionnaires.

of diagnosis for patients with brain metastases is 19.4 wk. LITT
has been successfully used in cases of radiation necrosis occurring
in both primary and metastatic tumors, and results reported
from this study are consistent with previous literature.26,28,30
Up to 68.6% of patients develop radiation necrosis 9-mo
postradiation,31 and ablation could be more cost-effective than
Avastin or have fewer side-effects than increasing doses of steroids.
In fact, recent data also indicate that LITT allows patients to
wean off steroids within 1 mo of the procedure just as would be
expected for an open craniotomy.25
Trials in newly diagnosed GBM report the median overall

survival as 15.8 mo for a complete/partial resection, and
retrospective studies after LITT report similar results.32,33 Of
note, the overall survival in LAANTERN (and the majority of
LITT publications) is calculated from the date of LITT procedure
rather than date of original diagnosis (which is typically used in
resection trials). In addition, LITT is more frequently performed
at the time of recurrence or second recurrence in primary and
metastatic brain tumors, indicating that this population is further
along in their disease than comparable surgical cohorts. Despite
these differences, outcomes in this study are still favorable.
Similar to the extent of resection,34 the extent of ablation

continues to be an important factor in predicting outcomes—
publications on the primary tumor33,35 and metastatic tumor
populations25,26 find that a complete/near-complete ablation
is predictive of lower instance of disease-specific death and
progression.35 With that, gliomas are unlikely to achieve a
true complete resection since these tumors are diffuse, lacking
well-defined brain-tumor interfaces, and are heterogenous.36-38
Initial trends in this study show that larger gliomas (>3 cm
diameter) with incomplete ablation may have a greater residual
tumor burden that impacts the rate of progression and overall
survival. For patients with residual tumor, more aggressive
medical management with chemotherapy and radiation may be
considered.39

FACT-Br and EQ-5D data indicate that QoL is stabilized
post-LITT and that mobility, self-care, and ability to partic-
ipate in usual activities are improved. To our knowledge, this
is the first report of EQ-5D results in a population undergoing
LITT. The results in this study showed better than anticipated
outcomes in a population of patients with brain tumors who had
mostly recurrent disease and a short life expectancy. Although
the EQ-5D questionnaire is not brain tumor-specific, it is well
established and requires only a few minutes to complete.40,41
EQ-5D scores are impacted by factors such as KPS, tumor grade,
and recurrence status in the GBM population, and symptom
burden has a significant impact on health status.42 Baseline
EQ-5D scores in LAANTERN were similar to those reported
in other studies of patients with brain tumors (0.8 ± 0.2 vs
0.83 ± 0.16, respectively).43 Average scores for mobility, self-
care, and usual activities improved at all follow-up timepoints,
and other subscores were stable. It should be noted that there is no
consensus regarding the minimally important difference in EQ-
5D scores.44 Meaningful clinically important change is thought to
range from 0.03 to 0.52 and estimates for the glioma population
range from 0.13 to 0.15.45,46 While the overall EQ-5D scores in
LAANTERNdeclined slightly, this was driven by a nonsignificant
variability in the VAS subscores and was unlikely to be clinically
meaningful.
FACT-Br is commonly used to assess QoL in patients with

primary tumors; however, it is becoming a popular tool to assess
QoL for the brain metastases population.41 This analysis did not
show differences in FACT-Br scores between the metastatic and
primary tumor populations, and FACT-Br scores were stable after
the LITT procedure. In a different LITT study of the recurrent
metastatic population by Ahluwalia et al,26 a decline in QoL was
correlated with an increased likelihood of death or being moved
to hospice; therefore, preservation of QoL may be a predictor for
improved survival in the metastatic patient population. Various
studies of QoL in the recurrent glioma population have shown
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that FACT-Br scores do not add prognostic value, but the presence
of cognitive impairment is associated with poor survival.47,48

Limitations
Because LAANTERN is a standard of care registry, data are not

available for all timepoints or patients. This is a limitation of the
registry and something all standard-of-care studies are impacted
by; however, the demographics and attrition are representatives of
patients and experiences described in other publications.49,50

CONCLUSION

Data in this first outcome analysis of the LAANTERN registry
show that the overall survival in this population of patients with
brain tumors reflects similar if not improved outcomes to those
previously reported for a population of patients with mostly
recurrent disease. Patient-reported QoL outcomes were also stabi-
lized and better than expected in a population with malignant
brain tumors. Enrollment is ongoing, and further subanalyses of
these data are planned and are likely to yield additional learning
regarding patient selection and management.
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