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Evaluating laser interstitial thermal therapy for newly
diagnosed, deep-seated, large-volume glioblastoma:
survival and outcome analysis
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OBJECTIVE Laser interstitial thermal therapy (LITT) has emerged as an alternative for treating glioblastoma (GBM) in
patients deemed unsuitable for resection due to deep-seated or eloquent location, age, or comorbidities. However, its
safety and efficacy in large-volume, deep-seated, newly diagnosed GBM (nGBM) tumors remain insufficiently studied.
Therefore, the authors aimed to assess the outcomes of LITT in the treatment of deep-seated, large-volume nGBM.

METHODS A retrospective analysis of patients with nGBM who underwent LITT between February 2013 and August
2023 was conducted. Patients with deep-seated tumor volume = 10 cm? treated with LITT were compared to patients
with deep-seated tumor volume < 10 cm?. Demographic, perioperative, and follow-up data were collected and compared
among both groups. Kaplan-Meier survival analysis and Cox proportional hazards regression were performed to evalu-
ate the impact of various clinical and treatment-related factors on patient survival.

RESULTS A total of 33 patients in the study group (mean £ SD age 65.7 + 10.2 years, 58% male) with mean tumor
volume 36.0 £ 21.6 cm?® were compared to 23 controls (mean age 67.0 £ 12.5 years, 61% male) with mean tumor volume
5.2 £ 2.7 cm®. There were no significant differences in hospital length of stay (p = 0.494), temporary neurological deficits
and edema within 30 days (p = 0.705 and p > 0.999, respectively), 30-day readmissions (p = 0.139), < 30-day complica-
tions (p = 0.918), complications between 30 days and 3 months (p = 0.903), and new motor and speech deficits within

3 months (p = 0.883 and p > 0.999, respectively) between the study and control groups. Kaplan-Meier analysis did not
reveal any statistically significant difference in overall survival (OS) between groups (p = 0.227). Multivariate analysis
indicated that tumor volume did not significantly affect the hazard ratio for individuals undergoing LITT (HR 1.16, 95% ClI
0.83-3.29, p = 0.150).

CONCLUSIONS This pilot study suggests that LITT is safe for treating patients with large-volume, deep-seated nGBM
compared to those with small-volume tumor. Although there appears to be improved OS in patients with smaller lesions
with greater EOA, significance was not achieved in this cohort.

https://thejns.org/doi/abs/10.3171/2024.8.FOCUS24457
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malignant primary brain tumor, with an incidence

of 3.19 cases per 100,000 individuals, a high re-
currence rate, and a median overall survival (OS) of ap-
proximately 15 months despite aggressive treatment.'
According to National Comprehensive Cancer Network
guidelines, maximal safe resection followed by radio-
therapy with concurrent and adjuvant chemotherapy is the
standard of care for newly diagnosed GBM (nGBM).>#
Challenges such as tumor location in eloquent areas or
deep areas such as the basal ganglia or crossing the cor-

G LIOBLASTOMA (GBM) remains the most common

pus callosum, along with concerns about surgery tolerance
due to age and comorbidities, complicate resection.>8 Al-
though extent of resection (EOR) correlates with OS, ag-
gressive resection poses risks to eloquent brain and may
adversely affect survival.?

Laser interstitial thermal therapy (LITT) has emerged
as a minimally invasive, ablative technique for cytoreduc-
tion of unresectable or recurrent GBM, offering an alter-
native to traditional craniotomy.-'* Beyond cytoreduction,
LITT-induced thermal disruption of the blood-brain bar-
rier enhances local and systemic drug delivery, potentially

ABBREVIATIONS EOA = extent of ablation; EOR = extent of resection; GBM = glioblastoma; KPS = Karnofsky Performance Scale; LITT = laser interstitial thermal therapy;
mFI-11 = modified 11-item frailty index; nGBM = newly diagnosed GBM; OS = overall survival; PFS = progression-free survival.

SUBMITTED July 1, 2024. ACCEPTED August 20, 2024.
INCLUDE WHEN CITING DOI: 10.3171/2024.8.FOCUS24457.

©AANS 2024, except where prohibited by US copyright law

Neurosurg Focus Volume 57 « November 2024 1

Unauthenticated | Downloaded 11/14/24 09:16 AM UTC



Khalafallah et al.

increasing progression-free survival (PFS).21516 Most
literature on LITT for GBM focuses on tumor volumes
typically ranging from 1 to 60 cm?, with a median vol-
ume of approximately 10 cm? across recent studies.'*!7-20
Some studies hypothesize that larger initial tumor sizes
(> 10 cm®) may impact LITT efficacy due to the risk of
incomplete ablation.2!22 However, to date, no study has
specifically analyzed LITT outcomes and efficacy in large
nGBM. Therefore, our study aimed to compare LITT out-
comes in patients with large, deep-seated nGBM, defined
as tumor volumes > 10 cm?,2® with those with smaller
deep-seated nGBM (< 10 cm?).

Methods

Patient Selection

After Institutional Review Board approval, a retrospec-
tive chart review was conducted of all patients treated
with LITT at our institution from February 2013 to Au-
gust 2023. LITT was offered to patients deemed high-risk
surgical candidates due to age, comorbidities, or tumor
locations posing higher risks of postoperative neurologi-
cal morbidity, as evaluated by the primary neurosurgeons
(RJK.,M.EI, and A.H.S.). Detailed information regard-
ing our LITT protocol has been previously reported.?*

Inclusion Criteria

We included patients with 1) age = 18 years, 2) histo-
pathological diagnosis of GBM, 3) preoperative Karnof-
sky Performance Scale (KPS) score > 50, 4) life expec-
tancy of at least 3 months, and 5) no contraindications
to MRI. Patients with recurrent GBM were excluded
from this study. Patients lacking postoperative follow-up
were excluded from the analysis. At our institution, pa-
tients who undergo LITT for nGBM include those with
deep-seated lesions or lesions in eloquent brain that do
not come to the surface, and therefore only these loca-
tions were included. Deep-seated tumors were defined as
those located in regions of the brain that are not easily ac-
cessible via traditional surgical approaches, specifically
those in areas such as the basal ganglia, thalamus, hypo-
thalamus, corpus callosum, internal capsule, hippocam-
pus, and insular cortex. Patients with tumor volume = 10
cm?® were categorized under the study group, while those
with tumor volume < 10 cm® were categorized under the
control group.

Data Collection

Patient demographic and preoperative data, including
age at surgery, sex, preoperative KPS score, preopera-
tive deficits, and modified 11-item frailty index (mFI-11)
score, were collected. MR images were reviewed to ob-
tain preoperative lesion characteristics, including location,
laterality, and volume. The Philips PACS image system’s
freehand tool was used to measure lesion volume, as pre-
viously described.* Intraoperative data collected included
operative time, ablation time, number of trajectories and
passes, and extent of ablation (EOA). EOA was calculated
as follows: EOA = postoperative ablation volume/preop-
erative tumor volume x 100.

Data on outcomes included postoperative deficits, KPS
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score, 30-day readmission, and postoperative complica-
tion. Postoperative complications were grouped as occur-
ring either within 30 days postoperatively or 30 days to 3
months postoperatively and encompassed new-onset neu-
rological deficits, complications, or other clinical occur-
rences. Information about adjuvant treatment (radiation
therapy and/or chemotherapy) was collected. Data on OS,
defined as the time from treatment to the date of death or
last follow-up, were also obtained.

Statistical Analysis

Comparison of the categorical variables between the
study and control cohorts was performed using the chi-
square and Fisher exact tests, as appropriate. Continuous
variables were compared using either the Student t-test or
Welch’s t-test depending on the equality of variance tested
using Levene’s test. Mean and standard deviation were re-
ported for all continuous variables, except for KPS and
mFI-11 scores, for which median and IQR (25th—75th per-
centile) were used due to nonnormal distributions.

Kaplan-Meier survival curves were constructed to as-
sess OS from the date of the LITT procedure. Univari-
able and multivariable Cox regression analyses were con-
ducted to identify predictors of OS. Prior to finalization of
the multivariate Cox model, exploratory interaction term
analysis was performed to assess changes in the effects of
the covariates based on the volume group variable.

In the final multivariable model, continuous variables
were scaled, and the model was bootstrapped (n = 1000)
with a penalizer of 0.1. The final variables included in the
multivariate model were age at surgery, tumor volume >
10 cm?®, EOA, and 30-day readmission. Statistical signifi-
cance was set at a p value < 0.05 for all analyses. Statisti-
cal analyses were performed using Python version 3.11.5
for MacOS and GraphPad Prism software version 10.1.2
(GraphPad Software Inc.).

Results
Patient Characteristics

During the study period, 313 patients underwent the
LITT procedure at our institution. Of these, 56 patients
met the inclusion criteria and had nGBM with tumors
located deep in the cortex or underneath eloquent struc-
tures. These included 33 patients with tumor volume > 10
cm? categorized as the study group and 23 patients with
tumor volumes < 10 cm? categorized as the control group.
The mean + SD (range) preoperative tumor volume in
the study group was 36.0 + 21.6 (11.34-91.73) cm? com-
pared to 5.2 + 2.7 (0.36-9.63) cm?® in the control group (p
< 0.001). Figure 1 shows representative MRI slices of the
patients with tumors = 10 cm? categorized under the study
group.

Patient demographic, clinical, and radiological charac-
teristics are detailed in Table 1. There were no significant
differences in age, sex, tumor location, mFI-11, or pre-
operative deficits between the two groups. Although the
median (IQR) KPS scores were similar in both groups,
the difference was statistically significant (80 [70—80] for
the study group vs 80 [80—80] for the control group, p =
0.009).
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FIG. 1. Preoperative T1-weighted MR images with contrast of sample cases in the study group (= 10 cm?) showing patients with
nGBM with a 45.86-cm? lesion involving the basal ganglia (A) and a 79.56-cm® lesion involving the bilateral frontal lobe and ante-

rior corpus callosum (B).

Operative Data

Regarding operative data, the mean procedure dura-
tion, ablation time, and number of pullbacks were greater
in the study group, and the differences were statistically
significant (Table 2). There was no significant difference
in the number of trajectories between the two groups (p =
0.113). Moreover, EOA was significantly lower in the study
group compared to the control group (121.2% + 47.9% vs
1952% + 127.1%, p = 0.013).

Outcomes

There were no significant differences in the mean length
of hospital stay and rates of temporary neurological defi-
cits within 30 days and 30-day readmission (Table 3). Al-
though 1 patient in the study group compared to O patients
in the control group had cerebral edema within 30 days,
the difference was not statistically significant (p > 0.999).
Similarly, while 7 patients (21.21%) in the study group
compared to 6 patients (32.58%) in the control group had
complications within 30 days, the difference was not sta-
tistically significant. Complications within 30 days in the
study group included altered mental status (n = 2), cerebral
edema (n = 1), hydrocephalus (n = 1), intracranial hemor-
rhage (n = 1), seizure (n = 1), and urinary tract infection (n
= 1). In comparison, 30-day complications in the control
group included aphasia (n = 1), anaphylactic cardiac arrest
(n = 1), hyperglycemia (n = 1), right-sided hemiparesis (n
= 1), and seizure (n = 2) (p = 0.918). Moreover, there were
no significant differences between the study and control
groups in terms of the incidence of complications from
30 days to 3 months postsurgery (28% vs 22%, p = 0.903).
These complications in the study group included altered

mental status (n = 2), cerebral edema (n = 1), deep vein
thrombosis (n = 1), impaired balance (n = 1), noncommu-
nicating hydrocephalus (n = 1), and sinus bradycardia (n =
1). In contrast, complications within 30 days to 3 months
in the control group included altered mental status (n =
1), anaphylaxis (n = 1), aphasia (n = 1), and dysphagia (n
= 1) (p = 0.903). Finally, there were no significant differ-
ences in the development of new motor and speech deficits
within 3 months of surgery.

Survival Outcomes and Predictors of Survival

The mean OS was longer in the control group (392
days vs 282 days). However, Kaplan-Meier analysis (Fig.
2) showed no statistically significant difference in OS be-
tween the two groups (p = 0.227).

Univariate Cox regression revealed that older age at
surgery (HR 1.04, 95% CI 1.01-1.08, p = 0.007) and 30-
day readmission rate (HR 6.26, 95% CI 2.24-17.50, p <
0.001) were factors predictive of reduced OS. EOA and
preoperative tumor volume were nonsignificant on uni-
variate analysis (Table 4).

In fitting the Cox model, interaction terms showed no
significant disproportionate effects of the covariates based
on the volume group. Thus, no interaction terms were in-
cluded in the final model. In the final multivariate Cox
analysis (Fig. 3, Table 4), older age at surgery was asso-
ciated with a significant increase in the hazard ratio for
the entire cohort (HR 1.73, 95% CI 1.19-2.51, p < 0.005).
Similarly, 30-day readmission increased the hazard ratio
(HR 4.92,95% CI 1.74-13.92, p < 0.005). EOA did not sig-
nificantly alter the hazard ratio in the sample (p = 0.690).
Importantly, patients with large-volume tumors also did
not show a significantly increased hazard ratio (p = 0.150).
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TABLE 1. Patient demographic and tumor characteristics

TABLE 3. Treatment outcomes

Study Group  Control Group

Study Group  Control Group

Variable (n=33) (n=23) p Value Variable (n=33) (n=23) p Value
Demographic Hospital LOS, days 39+35 3.3+21 0.494
Age, yrs 65.7+10.2 67.0+12.5 0.663 New temporary neurological 1(3) 2(10) 0.705
Male sex 19 (58) 14 (61) >0.999 deficit <30 days*
Preop KPS score 80(70-80)  80(80-80)  0.009 Complications <30 days* 7(21.21) 6(32.58)  0.918
Preop mFI-11 score 18 (9-18) 18 (9-18) 0.600 Postop edema <30 days* 14) 0(0) >0.999
Preop neurological deficit 30 (91) 20 (87) 0.976 30-day readmission 5(15) 0(0) 0.139
Preop seizure 7(21) 9(39) 0.246 Complications 30 days to 9(28) 4(22) 0.903
Tumor characteristics 3 mos®
Preoptumorvol,cm*  36.0+216  52%27  <0.001 New motor deficit <3 mos™  2(8) 2(38) 0883
Max tumor diameter, cm ~ 4.95+114  272+094  <0.001 New speech deficit <3 mos® 3 (10) 2(15) >0.999
Supratentorial 33 (100) 22 (96) 0.855 POStOp radiation therapy* 24 (92) 16 (1 00) 0.696
Infratentorial 0(0) 1(4) 0.855 Postop chemotherapy* 26 (100) 14 (93) 0.778
Side 0S, days 282+291  302+361 0213
Rt 16(48.48)  5(21.74)  0.024 Death 25 (76) 16 (70) 0835
Lt 10 (30.30) 15 (65.22) 0.009 LOS = length of stay.
Bilat 7(21.21) 3(13.04) 0.500 Values are shown as number (%) or mean + SD unless indicated otherwise.
Location® * Data were unavailable for all patients.
Frontal 10 (30.30) 7(3043) 0779
Temporal 11(33.33) 9(3913)  >0.999 No variables violated the Cox proportional hazards as-
Parietal 12 (36.36) 6 (26.09) 0.270 sumption, and multicollinearity was not observed (vari-
Cerebellum 0(0.00) 1(4.35) 0.450 ance inflation factor < 1.5).
Involvement of deep-
seated structures Discussion
Corpus callosum 11(33.33) 6(26.09) 0.768 Since its first description by Sugiyama et al. in 1990,
Hippocampus 6 (18.18) 6 (26.09) 0.522 LITT has emerged as an effective treatment modality for
Basal ganglia 5 (15.15) 2(8.69) 0.688 direct cytoreduction of GBM.?¢ Its minimally invasive na-
Insula 4(12.12) 2(8.69) >0.999 ture has led to a recent increase in its adoption for the
Thalamus 4(12.12) 4 (4.35) 0.704 surgical management of GBM.!"** Initially, concerns were
Amygdala 3(9.09) 2(8.69) 50,999 raised regarding the efficacy of LITT for large (= 10 cm?)
: : : or nonspherical tumors,'>?” but subsequent studies dem-
Cerebellum 0(0) 1(4.35) >0.999 onstrated that multiple catheters and trajectories could

Values are shown as number (%), mean + SD, and median (IQR) unless indi-
cated otherwise. Boldface type signifies statistical significance (p < 0.05).
* Predominant locations had extension into the deep-seated structures listed.

TABLE 2. Operative characteristics

Study Group  Control Group

Variable (n=33) (n=23) p Value

Op time, mins* 256 £70.7 212+ 84 0.045

Ablation time, mins* 11.5+46 711341 <0.001
No. of trajectories

1 27 (82) 22 (96) 0.113

2 6 (18) 1(4) 0.113

No. of pullbacks 4(3-4) 2 (1-3.5) <0.001

EOA, % 121.2+£479 195.2 £ 1271 0.013

Values are shown as number (%), mean + SD, and median (IQR) unless indi-
cated otherwise. Boldface type signifies statistical significance (p < 0.05).
* Data were unavailable for all patients.
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achieve complete ablation despite their tumor size or
morphology.® Many authors have raised concerns about
increased perioperative and postoperative complications,
particularly pertaining to cerebral edema and mass ef-
fect. 2628

Study Overview

In this study, we investigated whether LITT increased
complications or affected survival in patients with large
nGBM = 10 cm® compared to controls. We found no sig-
nificant differences in postoperative complications or sur-
vival outcomes between the study and control groups.

Operative Data

It is intuitive to expect greater mean procedure dura-
tion, ablation time, and number of pullbacks while treat-
ing large-volume nGBM. Our findings of statistically sig-
nificant differences between the study and control groups
in terms of these operative parameters align with those
of other authors.?>* Despite this, our study found no sig-
nificant difference in postoperative outcomes between the
study and control groups.
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FIG. 2. Kaplan-Meier plot comparing OS between the study and control
groups. No significant difference was observed between groups.

Cerebral Edema Risk

LITT for large GBM in our study did not increase ma-
lignant cerebral edema risk. There was no associated sig-
nificant overall perioperative or postprocedural morbidity
related to cerebral edema or resultant mass effect. Con-
trastingly, the systematic review of Alattar et al. on LITT
noted edema risk in brain metastases, wherein patients
with lesion volumes ranging from 29 to 70 cm?® developed
postablation malignant edema, thereby suggesting caution
for lesions = 10 cm?3.23 Our study had 1 patient in the study
group develop cerebral edema within 30 days of surgery;
however, none had malignant edema. Therefore, our study
challenges the notion of avoiding LITT solely based on
lesion size.

Extent of Ablation
Our findings of a lower EOA within our study group,

Khalafallah et al.

as compared to the control group, align with the findings
of other authors who demonstrated a negative linear re-
lationship between preoperative lesion size and EOA.
EOA has been likened to EOR for predicting PFS and OS
in patients with GBM.>*° Our institution previously re-
ported the association between greater EOA and survival
in patients with nGBM,'? showing an EOA threshold of
70% yielding the most significant differences in PFS and
OS. Despite the study group having a lower EOA, both the
study and control groups in our study had a mean EOA
greater than 70%. Because of this, it is understandable that
there was no significant difference in OS between groups.
Our hypothesis is that in addition to ablation of the sur-
rounding tumor, LITT likely also causes a local immune
response that assists in providing a treating effect toward
the tumor.* This finding supports the use of LITT for
large-volume GBM and challenges the narrative that one
cannot achieve sufficient ablation to yield a benefit in this
difficult-to-treat patient population.

Survival and Prognostic Factors

Age at surgery and 30-day readmission significantly
impacted OS in our cohort. Our findings align with those
of other authors who similarly noted that age negatively
impacted OS."” Although age is a significant negative
prognostic factor for GBM,*?** some studies did not show
it to influence either PFS or OS after LITT.3* Variability
in the impact of age on post-LITT survival warrants fur-
ther exploration, yet we believe that older age is associated
with decreased intracranial compliance, increased frailty,
and brain elastance,™® thereby negatively affecting OS
after LITT.

Our findings regarding the significant impact of 30-day
readmission on OS are consistent with those of other stud-
ies in the literature.>-* Botros et al. found that even after
adjusting for age, mFI-5 score, KPS score, tumor EOR,
and total number of surgical procedures, 30-day readmis-

TABLE 4. Univariate and multivariate Cox regression analyses of factors affecting 0OS

Univariate Analysis Multivariate Analysis
Lower 95% Upper 95% Lower 95% Upper 95%
Covariates HR ClI Limit CI Limit p Value HR ClI Limit ClI Limit p Value
Age (yrs) 1.04 1.01 1.08 0.007 1.73 119 2.51 <0.005
Male sex 1.24 0.65 2.37 0.507
Preop KPS score 1.01 0.96 1.06 0.608
Preop mFI-11 score 4.33 0.34 55.33 0.259
Preop neurological deficit 242 0.73 8.03 0.147
Preop seizure 0.88 0.45 1.74 0.720
Preop tumor vol >10 cm? 1.47 0.78 2177 0.230 1.66 0.83 3.29 0.150
No. of pullbacks 1.00 0.81 1.25 0.981
EOA 1.00 0.99 1.00 0.259 1.08 0.75 1.54 0.690
Hospital LOS (days) 0.95 0.86 1.06 0.344
New temporary neurological deficit <30 days 1.37 0.33 5.78 0.665
30-day readmission 6.26 2.24 17.50 <0.001 4.92 1.74 13.92 <0.005
Complications 30 days to 3 mos 1.21 0.59 2.49 0.742
Boldface type signifies statistical significance (p < 0.05).
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FIG. 3. Multivariate Cox proportional hazards model. Older age at surgery and 30-day readmission were associated with higher
risk of death. Patients with larger tumor volumes were not at significantly increased risk of death.

sion remained associated with increased risk of death.*
Our study reinforces the need to closely monitor patients
readmitted within 30 days, keeping these negative prog-
nostic outcomes in mind.

Institutional Experience and Evolution

Our institution’s LITT experience over the past decade
(2013-2023) suggests that we are offering LITT to patients
with larger tumor volumes as compared to the past.?*4> We
believe that in parallel with technological advancements,
as brain tumor centers continue to perform LITT and as
neurosurgeons gain experience, the criteria for what tumor
volume is considered amenable to ablation should expand.

Strengths and Limitations

Our study was inherently limited by its retrospective na-
ture and small patient size. To overcome these limitations,
we included only patients with complete records avail-
able. Additionally, this was a single-institution study, but
it involved patients managed under three neurosurgeons.
Because our study was not powered to detect small differ-
ences in OS outcomes, these data cannot be interpreted as
indicative of a trend, and any observed differences should
be interpreted with caution. Future studies and validation
in larger cohorts and multi-institutional collaborations are
crucial to provide the statistical power needed.

Despite these limitations, to the best of our knowledge,
we report the first and the largest series to specifically
evaluate the use of LITT for deep-seated, large-volume
nGBM. Our study assessed its viability as a safe and effi-
cacious treatment option in this vulnerable patient popula-
tion, with the largest patient cohort compared to those of
any existing volumetric subgroup analyses. We believe our
results would help counsel patients regarding management
options for treating deep-seated, large-volume nGBM.

Conclusions

Our study indicates that LITT is safe for large, deep-
seated nGBM. There was no increase in postoperative
morbidity for patients with large nGBM. Age at surgery
and readmission significantly impacted survival, irrespec-
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tive of tumor size. Further research is warranted to vali-
date our findings and optimize patient outcomes in this
challenging patient population.
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