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Upfront Magnetic Resonance Imaging-Guided
Stereotactic Laser-Ablation in Newly Diagnosed
Glioblastoma: A Multicenter Review of Survival
Outcomes Compared to a Matched Cohort of
Biopsy-Only Patients
BACKGROUND: Laser ablation (LA) is used as an upfront treatment in patients with deep
seated newly diagnosed Glioblastoma (nGBM).
OBJECTIVE: To evaluate the outcomes of LA in patients with nGBM and compare them
with a matched biopsy-only cohort.
METHODS: Twenty-four nGBM patients underwent upfront LA at Cleveland clinic,
Washington University in St. Louis, and Yale University (6/2011-12/2014) followed by
chemo/radiotherapy. Also, 24 out of 171 nGBM patients with biopsy followed by
chemo/radiotherapy were matched based on age (< 70 vs ≥ 70), gender, tumor location
(deep vs lobar), and volume (<11 cc vs ≥11 cc). Progression-free survival (PFS), overall
survival (OS), and disease-specific PFS and OS were outcome measures. Three prognostic
groups were identified based on extent of tumor ablation by thermal-damage-threshold
(TDT)-lines.
RESULTS: The median tumor volume in LA (n = 24) and biopsy only (n = 24) groups was
9.3 cm3 and 8.2 cm3 respectively. Overall, median estimate of OS and PFS in LA cohort was
14.4 and 4.3 mo compared to 15.8 mo and 5.9 mo for biopsy only cohort. On multivariate
analysis, favorable TDT-line prognostic groups were associated with lower incidence of
disease specific death (P = .03) and progression (P = .05) compared to other groups
including biopsy only cohort. Only age (<70 yr, P = .02) and tumor volume (<11 cc, P = .03)
were favorable prognostic factors for OS.
CONCLUSION: The maximum tumor coverage by LA followed by radiation/chemotherapy
is an effective treatment modality in patients with nGBM, compared to biopsy only cohort.
The TDT-line prognostic groups were independent predictor of disease specific death and
progression after LA.
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lioblastoma (GBM) is an aggressive
primary brain tumor with extension
of tumor cells into the normal brain

ABBREVIATIONS: CRT, concurrent chemo-radiation
therapy; DSOS, disease-specific overall survival;
DSPFS, disease-specific progression-free survival;
EOC, extent of coverage; GBM, glioblastoma; KPS,
karnofsky performance score; LA, Laser ablation;
MGMT,
06-methylguanine-DNA
methyltransferase; nGBM, newly diagnosed glioblastoma; OS,
overall survival; PFS, progression-free survival; TDT,
thermal-damage-threshold lines
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tissue beyond the radiographically visible tumor
mass, thus implicating the role of systemic
(chemotherapy) and loco regional (radiation
therapy) therapy in such patients.1-5 Surgical
resection followed by concurrent chemoradiation therapy (CRT) is the standard line of
management in patients with newly diagnosed
GBM.6 Gross total resection of the tumor has
been shown to have an impact on outcome
of patients with GBM.7-10 For difficult-toaccess tumors, where resection is prohibited
by its associated morbidity, biopsy followed
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METHODS
Study Design and Setting
This multi-institutional retrospective study was carried out at 4
centers (Cleveland clinic, Washington University in St. Louis, Yale
and Duke Universities) following Institutional Review Board approval.
Written and informed consent were obtained from patients at all centers
prior to the standard procedures, no specific consent was needed for
the study due to its retrospective nature. Patients who underwent LA
as an upfront treatment followed by CRT were included in in LA
cohort (Cleveland clinic, Washington University in St. Louis, and Yale
University). Moreover, 24 matched biopsy-only patients were selected
from a pool of cases from Yale and Duke Universities Universities and
were enrolled as a control cohort. Of note, during the study period, there
was no case of LA for nGBM at Duke University and only one such case
at Yale University (included in our LA group) to minimize selection bias
for biopsy only patients.

Variables and Participants
Twenty-four out of 28 patients, who underwent LA for nGBM at
Cleveland clinic, Washington University in St. Louis, and Yale University
(6/2011-12/2014) were included in the LA cohort. Patients with pathologically confirmed nGBM, Karnofsky performance score(KPS) of ≥60
who underwent post-op CRT were included in our study. Infratentorial
and multifocal nGBM were excluded from our study. In addition, 171
patients from a pool of 325 patients who underwent biopsy for nGBM
at Yale and Duke Universities (2010 to 2015) were selected based on the
inclusion/exclusion criteria. Median follow up in the LA group was 9.3
(2-43) mo and in the control arm was 14.7 (2-41) mo.

Data Sources/Measurement, Study Size, and Bias
Electronic medical records were reviewed for demographics, patient
characteristics, intraoperative findings, imaging data, follow-up, and
outcomes. Of 28 consecutive patients with nGBM who underwent LA
in the study arm, two patients were excluded, as they did not pursue
standard CRT following LA (low preoperative KPS). In addition, one
patient was excluded due to lack of follow-up data (she was from out
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of state) and another one due to mortality 4 d after the LA procedure
due to septicemia not related to the intracranial surgical site. Therefore,
24 patients were considered for the outcome analysis in this study. For
the biopsy cohort, 171/325 patients met the inclusion criteria. Thereafter, a propensity score-matched control group biopsy-only patients
(n = 24) was created based upon age (<70 yr vs ≥70 yr), gender, tumor
location (deep vs lobar), and tumor volume (<11 cc vs ≥11 cc). Extent of
tumor coverage was performed after importing pre- and intra-operative
magnetic resonance imaging scans as well as treatment data including

thermal-damage-threshold (TDT)-lines into iPlan software (Brainlab,
Munich, Germany). Yellow TDT-line was defined as the tumor tissue
that has been heated to 43◦ C for 2 min, the blue TDT-line as tumor
heated to 43◦ C for 10 min and white TDT-line as tumor heated to
43◦ C for 60 min. The LA procedure was performed using the NeuroBlate
System (Monteris Medical Corporation, Plymouth, MN) and has been
explained in our previous publications in detail (Figure 1).16,19
R

Quantitative Variables and End Points
Progression-free survival (PFS), overall survival (OS), and diseasespecific PFS and OS (DSPFS and DSOS) were the outcome measures.
Tumor progression was defined as per the response assessment in neurooncology (RANO) criterion for high-grade glioma.33,34 PFS was defined
as the time interval between LA and tumor progression or death from
any cause, whichever was earlier. OS was defined as the time interval
between surgery and death from any cause. DSPFS and DSOS were
analyzed using competing risks methods where death from reasons other
than tumor progression was considered a competing risk.

Statistical Analysis
SAS version 9.2 (SAS Institute Inc, Cary, North Carolina) and R
(version 3.3.3) was used for all data analyses. Fisher’s exact test, CochranArmitage trend test, and the Wilcoxon rank sum test were used for
comparison between the two patient groups. PFS and OS were summarized using the Kaplan–Meier method and compared using log-rank tests
or proportional hazards models. DSPFS and DSOS35 were summarized
using cumulative incidence and analyzed using Fine and Gray model.
Cumulative incidence measures the frequency of death/progression
during a time interval and a lower cumulative incidence indicates a
favorable outcome. Recursive partitioning algorithm was used to find
binary cut-off points for age and tumor volume. A propensity score
matching was done based on the multivariable logistic regression using
co-variables. Pairs of patients were derived using 1:1 nonreplacement
matching from the biopsy and LA group. Two- tailed p values <.05 were
considered significant.

RESULTS
Participants and Descriptive Data
Overall 50% (12/24) of patients in LA group were male,
median age at surgery was 54 and 29% (7/24) were ≥70 yr of
age. In the biopsy-only cohort, 58.3% of patients (14/24) were
males, median age was 64 yr (range 32-85 yr) with 25% (6/24)
of patients were ≥70 yr of age (Table 1).
Thalamus was the common site in patients with nonlobar
tumors who underwent LA (29%, 7/24 vs 32%, 11/24), whereas
corpus callosum was the common nonlobar location in the
control group (54% 6/24 vs 8%, 2/24). Ki-67 was available for
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by CRT is a reasonable alternative, albeit with less optimal
outcomes.11-13
Laser ablation (LA) is a minimally invasive technique that has
emerged as a potential surgical tool in patients with deep-seated
brain tumors including GBM.14-18 LA has shown promising
results in terms of safety and efficacy in different types of
brain tumors including high-grade gliomas.15-17,19-21 There are
several studies documenting the efficacy of LA in patients with
recurrent GBM,16,22-31 however there is a paucity of literature
evaluating the role of LA in patients with newly diagnosed
Glioblastoma (nGBM, upfront therapy).19,24,25,32 Most of the
previously published studies were limited by a fewer number of
patients and lack of control group.
In this study, we report the efficacy of LA (followed by standard
CRT) as an upfront treatment in patients with nGBM. We have
also compared the results of LA therapy with a matched control
group who underwent only biopsy (not candidates for standard
surgical resection) followed by CRT for nGBM.

UPFRONT LITT FOR NEWLY DIAGNOSED GBM

18 patients (LA group) and 19 patients (biopsy-only group). Isocitrate dehydrogenase (IDH1) was performed in 14 patients of
LA group (negative in all patients) and 20 patients of control
group (positive in 2 patients). Similarly, 06-methylguanine-DNA
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methyltransferase (MGMT) was also performed in 10 patients of
LA group and 20 patients of control group and it was methylated
in 3 and 10 patients respectively. The median tumor volume in
study group was 9.33 cm3 (range 1.31-62.78) and in biopsy group
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FIGURE 1. Treatment of right frontal tumor using LA. A, yellow TDT-line (defined as the tumor tissue that has been heated to 43◦ C for 2 min)
and B, blue TDT-line (defined as tumor heated to 43◦ C for 10 min).
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TABLE 1. Patient and Disease Characteristics in NeuroBlate
(Monteris Medical) vs Biopsy Group (n [%]) or Median (Range)

Gender
Female
Male
Agea
<70 yr
≥70 yr
Location
Lobar
Deep
Volume (cc)
< 11 cc
≥ 11 cc
Ki-67
<20%
>20%
a

NeuroBlate
(n = 24)

Biopsy
only (n = 24)

12 (50.0%)
12 (50.0%)
54 (34-75)
17 (70.8%)
7 (29.2%)

10 (41.7%)
14 (58.3%)
64(32, 85)
18 (75.0%)
6 (25.0%)

11 (45.8%)
13 (54.2%)
9.3 (1.3-62.8)
16 (66.7%)
8 (33.3%)

11 (45.8%)
13 (54.2%)
8.2 (0.9-187)
16 (66.7%)
8 (33.3%)

P value
.72

1.00

1.00

1.00

.57
8 (42%)
11 (58%)

5 (28%)
13 (72%)

At time of LITT for NeuroBlate patients; at diagnosis for biopsy only patients

was 8.2 cm3 (0.9-187). Tumor volume was more than 11 cm3 in
33% (8/24) of patients in the study group and 85% (8/24) of
patients in the biopsy only group (Table 1).
Tumor Coverage by Thermal Damage Threshold Lines
The median proportion of tumor contained within the yellow
and blue TDT-line was 99% (range 59%-100%) and 95%
(range 46%-100%) respectively. In general, this corresponded to
a relatively small volume of disease not being treated: median
0.09 cm3 (range 0-6.86 cm3 ) outside the yellow line; median
0.47 cm3 (range 0-13.18 cm3 ) outside the blue line; and
a median 0.38 cm3 (range 0-6.32 cm3 ) in the blue-yellow
transition zone. In 67% (16/24) of patients, >90% of tumor
coverage with blue TDT-line was observed and 58% (14/24)
of patients had >98% tumor coverage with yellow TDT-line
(Table 2). Using time to progression, three prognostic groups
were identified: favorable: ≤0.025 cm3 of tumor volume within
the yellow-blue transition zone (n = 8 patients); intermediate
>0.025 cm3 in the transition zone and >90% tumor coverage
by the blue line (n = 9 patients); and unfavorable >0.025 cm3
in the transition zone and <90% coverage by blue line (n = 7
patients).
Outcome Data, Main Results, and Other Analyses
Multivariate Analysis of Factors That Affected Outcome in LA
Group
Clinical and demographic factors associated with outcome in
LA were: tumor volume that correlated with all 4 outcomes (PFS,
OS, DSPFS, and DSOS); pre-op KPS that correlated with PFS;
and age, which correlated with OS (Table 3). The amount of
tumor contained in the LA blue-yellow transition zone and the
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OS of LA vs Control Group
Overall 18 (75%) patients progressed and 15 patients (62%)
died during the follow-up in the study group. Of 15 patients with
mortality during follow-up, 4 (17%) died due to medical causes
(such as pulmonary embolism) with no evidence of intracranial
progression at mortality. In the biopsy only cohort, 18/24 patients
(75%) had recurrence during follow up and 19/24 patients
(79.2%) died during extended follow-up. Of these patients with
mortality, 3 (12.5%) patients died due to medical causes without
tumor progression. Median OS was estimated to be 14.4 mo in
the LA group compared to 15.8 mo in the matched biopsy group
(P = .78). DSOS cumulative incidence in the LA group with
favorable EOC prognostic factors was 25% ± 3% that was better
(lower) than unfavorable EOC group 40% ± 6% (P = .021), and
biopsy only group 31% ± 1% (P = .033). Compared to biopsy
only group, the difference in OS between 2 groups (favorable and
unfavorable EOC) did not show statistical significance P = .64
and .78 respectively, Table 5. However, patients with favorable
EOC prognostic factors in the study arm showed improved DSOS
(P = .03) compared to those in the control arm (Table 5 and
Figure 3).
Local Control and PFS of LA vs Control Group
Median PFS in the LA group and matched biopsy group
was 4.3 mo and 5.9 mo respectively. DS-PFS in the LA group
favorable and unfavorable prognostic groups was 25% ± 3% and
100% ± 2%; compared to 63% ± 1% in the control group.
PFS and DSPFS did not show statistically significant differences
between the LA and biopsy group, in both univariate and multivariate analysis (Median PFS: LA - 4.3 mo [95% CI 3.3-5.7];
biopsy—5.97 [95% CI 3.87-9.05], P = .94; DSPFS Cumulative
Incidence at 12 mo: LA - 70% ± 11% vs biopsy—63% ± 1%,
P = .84). Compared to the patients in the control arm (biopsy
only), patients with favorable EOC prognostic factors in the LA
arm had longer DSPFS (P = .05; Table 5 and Figure 3).
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Factor

new extent of coverage (EOC) prognostics groups (favorable,
intermediate, and unfavorable) were significantly associated with
all outcome variables other than OS (Table 2). It is worth noting
that the new EOC prognostic groups (favorable, intermediate,
and unfavorable) correlated with the tumor volume (Figure 2).
The individual blue and yellow line parameters correlated with
both the PFS outcome variables (PFS and DSPFS) and did not
correlate with either OS or DSOS outcome variables. Multivariate analyses of each outcome were summarized in (Table 4).
The only prognostic factor for PFS in multivariate analysis was
EOC prognostic groups (P = .008). Age (with a cut point of
70 yr; P = .03) and tumor volume (with a cut point of 11cm;3
P = .04) were significant prognostic factors for OS. For DSPFS,
EOC prognostic groups (P = .0002) and location (lobar location
vs deep location; P = .0009) were significant predictive factors.
Whereas for DSOS, EOC prognostic groups (P = .0001), age
(with a cut point of 70; P = .03), and gender (P = .04) were
significant prognostic factors (Table 4).

UPFRONT LITT FOR NEWLY DIAGNOSED GBM

TABLE 2. NeuroBlate (Monteris Medical) Parameters and Their Relationship to Different Outcomes in Univariate Analysis
Factor

PFS

Residual volume by blue
TDT-line (cont.)
≤ 0.025 cm3
> 0.025 cm3
Extent of coverage by blue
TDT-line (cont.)
≤ 90%
> 90%
Residual volume by yellow
TDT-line (cont.)
< 0.05 cm3
≥ 0.05 cm3
Extent of coverage by yellow
TDT-line (cont.)
≤ 98%
> 98%
Tumor volume in blueyellow transitional zone
(cont.)
≤ 0.025 cm3
> 0.025 cm3
TDT-line risk group (cont.)
Unfavorable
Intermediate
Favorable

Median
(mo)

0.47 cm3 (0-13.18)
7 (29%)
17 (71%)
95% (46-100%)
8 (33%)
16 (67%)
0.09 cm3 (0-6.86)
12 (50%)
12 (50%)
99% (59-100%)
10 (42%)
14 (58%)
0.38 cm3 (0-6.32)

10.7
3.8

3.3
5.5

6.0
3.3

3.3
5.5

OS

P∗a

Subhazard ratio
(95% C.I)

P∗b

.007

1.25 (1.1-1.3)

.0001

.01

4.37 (1.3-13.7)

.01

.002

<0.01 (0.01-0.07)

.003

0.37 (0.1-1.1)

.07

.01

1.50 (1.2-1.8)

.0001

.005

2.28 (0.9-5.7)

.08

.004

0.01 (0.01-0.4)

.02

.008

0.33 (0.1-0.8)

.02

.008

1.56 (1.2-1.9)

.0002

Median
(mo)

11.8
15.2

.0001
14.4
15.2

15.2
14.4

14.4
15.2

P∗a

DSOS
Subhazard
ratio (95%
C.I)

P∗b

.97

1.15 (0.9-1.3)

.06

.54

2.19 (0.6-7.5)

.21

.96

.371 (0.04-3.8)

.41

.37

0.52 (0.1-1.6)

.25

.84

1.15 (0.9-1.5)

.31

.45

1.26 (0.4-3.5)

.66

.94

0.55 (0.04-8.7)

.67

.74

0.63 (0.2-1.9)

.40

.75

1.32 (1.1-1.6)

.01

8 (33%)
16 (67%)

8.2
4.0

.04

6.52 (1.9-21.8)

.002

10.1
15.2

.93

3.08 (0.8-11.3)

.09

7 (29%)
9 (38%)
8 (33%)

3.3
4.5
8.2

.008

4.15 (2.1-8.1)

.0001

14.4
21.4
10.1

.81

0.45 (0.2-0.9)

.04

PFS: progression-free survival, DSPFS: disease specific progression-free survival, OS: overall survival, DSOS: disease specific overall survival, C.I: confidence interval, TDT-line: thermal
damage threshold line
a
Log rank test if 2 categories, Wald test from proportional hazards model if >2 categories or if the factor is measured on a continuum
b
Gray’s test. The first group listed is the reference; ratios >1 indicate the risk of death is greater in the second group; ratios <1 that it is less. For factors measured factors or factors
with >2 categories the hazard ratio represents the change in risk for a one unit (category) increment
∗
P value in front of major heading represents comparison across continuous variable and p value in front of subheadings represent comparison across the subgroups as categorical
variable.
Bold and italics: significant

Short-Term Outcome of LA
Median post-op hospital stay in LA group was 3 d (range:
1-26 d). Median estimate blood loss in LA group was 10cc
(range: 5-100cc). Post-op complications occurred in 9 patients
after LA including 6 cases with worsening of neurological
deficit after LA (4 patients had worsening of pre motor
deficits; 1 patient had new onset right upper extremity weakness
and another one had new onset mild hemiparesis following
LA), 20 cases of moderate to severe intratumoral bleeding
(treated conservatively), and 1 patient with deep vein thrombosis after LA. Four patients (2 frontal, 1 thalamus, and 1 with
lentiform nucleus GBM) with worsening of preoperative motor
deficits had permanent weakness, which did not improve during
follow-up.

NEUROSURGERY

DISCUSSION
Key Results and Interpretation
In our study, median OS following LA and concurrent
chemo/radiotherapy was estimated to be 14.4 mo, which is similar
to 15.8 mo following surgical resection (complete/partial) and
concurrent chemo/radiotherapy, as reported by Stupp et al.2
Similarly, the median OS in our matched biopsy only group
(n = 24) was 15.8 mo, which is better than 9.4 mo reported
in the literature.2 Median PFS following LA and chemo radiotherapy was 4.3 mo in our study, which is slightly lower than
that following surgery (resection and biopsy) and CRT (6.9 mo).2
This difference in PFS may be attributed to the inclusion of
biopsy only group with the resection group in the published
study,2 compared to LA only patients in our study. As LA is an

VOLUME 0 | NUMBER 0 | 2018 | 5

Downloaded from https://academic.oup.com/neurosurgery/advance-article-abstract/doi/10.1093/neuros/nyy449/5200832 by INSEAD user on 23 November 2018

No (%) or
median (range)

DSPFS

MOHAMMADI ET AL

TABLE 3. Patient Characteristics and Their Relationship to Different Outcomes Following LA in Univariate Analysis
Factor

PFS

Gender
Female
Male
Age (yr)
< 70
≥ 70
Pre-op KPSc
60-70
80
90-100
Tumor location
Lobar
Othersd
KI 67 (%)e
< 20%
≥ 20%
Tumor volume (cm3 )
< 11
≥ 11

Median
(mo)

DSPFS

OS

Pa

Sub-hazard ratio
(95% C.I)

.59

1.38 (0.56-3.41)

.48

.61
.63

0.98 (0.95-1.02)
0.43 (0.13-1.40)

.30
.16

Pb

Median
(mo)

Pa

Sub-hazard ratio
(95% C.I)

Pb

.76

3.10 (0.95-10.2)

.06

.39
.03

1.00 (0.96-1.04)
1.31 (0.35-4.96)

.98
.69

10 (42%)
14 (58%)
54 (34-75)
18 (75%)
6 (25%)

4.7
4.2

7 (29%)
8 (33%)
9 (38%)

3.3
3.5
9.0

.008

0.89 (0.60-1.32)

.16

7.4
14.4
15.2

.15

0.86 (0.44-1.70)

.67

13 (54%)
11 (46%)
20% (3-80%)
5 (28%)
13 (72%)
9.33 (1.3-62.8)
16 (67%)
8 (33%)

4.5
4.1

.31

0.79 (0.33-1.92)

.61

14.4
22.4

.65

0.47 (0.15-1.41)

.17

.87
.08

1.01 (0.99-1.02)
3.09 (0.74-12.9)

.31
.12

.42
.26

1.02 (1.00-1.04)
4.05 (0.57-28.8)

.03
.16

.04
.06

1.04 (1.02-1.07)
2.26 (0.84-6.08)

.0006
.11

.61
.04

1.04 (1.01-1.08)
3.32 (0.85-12.9)

.02
.08

4.3
4.8

5.7
4.1
5.3
3.6

24.9
14.4

DSOS

21.4
8.4

15.2
8.5
21.4
8.1

PFS: progression-free survival, DSPFS: disease specific progression-free survival, OS: overall survival, DSOS: disease specific overall survival, C.I: confidence interval, KPS: Karnofsky
performance status
a
Log rank test if 2 categories, Wald test from proportional hazards model if > 2 categories or if the factor is measured on a continuum
b
Gray’s test. The first group listed is the reference; ratios > 1 indicate the risk of death is greater in the second group; ratios < 1 that it is less. For factors measured factors or factors
with > 2 categories the hazard ratio represents the change in risk for a 1 unit (category) increment
c
3 patients were KPS 60; 1 was KPS 100
d
Thalamus (n = 7), callosum (n = 2), insula (n = 2)
e
missing for 6 patients

alternative to surgical resection to achieve tumor cytoreduction,
it is preferable to compare 2 modalities upfront. Interestingly,
DSPFS (cumulative Incidence at 12 mo) following LA was
estimated to be 70% ± 11% in our study, compared to 12 mo
PFS of 26.9% ± 5.2% in surgery (resection and biopsy) followed
by CRT.2 Overall, PFS and OS following either LA or surgical
resection followed by CRT are comparable. Moreover, patients
who underwent LA had comparable OS (14.4 mo vs 15.8 mo; LA
vs matched biopsy cohort) and improved DSOS (25% ± 3% vs
31% ± 1%, LA vs biopsy) than the biopsy only (control) group in
our study, which is comparable to that reported in the literature
as mentioned above. Hawasli and colleagues32 in a recent literature review concluded that based on level IV evidence, upfront
LA can be considered as a reasonable alternative in patients with
high grade glioma, who are otherwise not suitable candidates for
standard surgical resection, our results reiterate these findings.
Extent of tumor coverage by TDT-lines was a significant
prognostic factor for PFS (P = .008), disease specific PFS
(P = .0002) and disease specific OS (or death due to GBM
progression; P = .0001). Similarly, favorable tumor coverage
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had a significant impact on DSPFS, and DSOS compared to
those with unfavorable tumor coverage or those with biopsy
only group, after adjustment for age gender, tumor location, and
tumor volume. In concordance to these findings, our prior multicenter study had shown improvement in PFS with near total
TDT-line coverage in patients with high-grade glioma (mix of
newly diagnosed and recurrent WHO grade 3 and 4 glioma)
following LA.19
Generalizability
Cytoreduction using microsurgical resection with the aim of
achieving gross total resection has been shown to have a significant
impact on OS and PFS in patients with GBM.7,9,12,36-42 Stereotactic biopsy followed by standard CRT in patients with deepseated or difficult to access tumors has been shown to have inferior
outcomes compared to those who underwent gross total resection
for GBM.1,6,12,43 Median OS following biopsy with CRT and
biopsy with postoperative radiation therapy (RT) only in patients
with nGBM has been reported to be 9.4 mo and 7.9 mo
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respectively.6 In contrast, median OS in patients who underwent
microsurgical resection (complete/partial) for GBM followed by
CRT and RT only was reported to be 12.9 mo and 15.8 mo
respectively.6 LA was initially introduced as an alternative therapeutic option in patients with either deep-seated GBMs or those
who are not good candidates for standard microsurgical resection
(medical comorbidities).15,23 There are limited case reports and
small case series addressing the efficacy of LA as an upfront
therapy in patients with high-grade glioma.19,24-27,29,32,44 The
current study is the first and largest study evaluating the efficacy
of LA as an upfront therapy in such patients. Since the majority of
the patients in our study had difficult to access tumors and were
not good candidates for surgery, we compared these patients with
matched biopsy only group who received standard CRT following
biopsy.
Future Directions
Preliminary animal studies had shown disruption of blood
brain barrier following hyperthermia with potentially enhanced
beneficial effects of radiation and chemotherapy on glioma stem
cells.45-50 Similarly, Leuthardt and colleagues showed that blood
brain barrier disruption occurs within 4 wk following LA, which
subsequently resolved by 6 wk.51 In addition, a smaller surgical
incision used during LA also offers an opportunity to start
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radiation/chemotherapy earlier as compared to standard surgical
resection.
Limitations
There are inherent limitations of our study due to its retrospective nature and lack of randomization. Also, the smaller
sample size limits the statistical power of our study. Patients
with short median follow-up were included in this study, with
differences in median follow-up of 5 mo between the cohorts,
which could potentially skew the data and therefore results need
to be carefully interpreted. Molecular analysis such as IDH and
MGMT status was not included in our analysis. Since our LA
group included patients as early as 5 yr ago and control group
included patients up to 10 yr ago, many of these patients were
devoid of data related to MGMT status or molecular analysis and
hence were not included in this analysis. Short-term outcome
data such as rate of complication, length of hospital stay and
effect on KPS was not analyzed in this study and shall be
focused in our future studies. Nevertheless, our study is the first
largest study contributing to the efficacy of LA as an upfront
therapy in patients with nGBM and we hope to resolve our
limitations in our recently lunched prospective multicenter study
of LA in nGBM, which is expected to be completed in the
next 2 yr.
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FIGURE 2. TDT-line risk groups and tumor volume. Two patients with tumor volumes >20 cm3 (42.33 and 62.78)
were recoded to 28 for ease of presentation.
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TABLE 4. Multivariate Results for 4 Different Outcomes Following LA
Factor

P

2.41 (1.26-4.59)

.008

18.49 (3.96-86.24)
0.07 (0.01-0.33)

.0002
.0009

PFSb
TDT-line risk group (favorable vs intermediate vs unfavorable)
DSPFSc
TDT-line risk group (favorable vs intermediate vs unfavorable)
Tumor location (lobes vs other)
OSb
Age (<70 vs ≥70)
Tumor volume (<11 vs ≥11 cm3 )
DSOSc
TDT-line risk group (favorable vs intermediate vs unfavorable)
Age (<70 vs ≥70)
Gender (Female vs Male)

4.89 (1.27-18.80)
4.32 (1.16-16.02)

.02
.03

6.30 (2.45-16.23)
10.99 (1.32-91.24)
9.45 (1.10-80.89)

.0001
.03
.04

PFS: progression-free survival, DSPFS: disease specific progression-free survival, OS: overall survival, DSOS: disease specific overall survival, C.I: confidence interval, TDT-line: thermal
damage threshold line
a
The first group listed is the reference; ratios > 1 indicate the risk of death is greater in the second group; ratios < 1 that it is less. For NeuroBlate risk group the (sub) hazard ratio
represents the increase in risk for a one category increment
b
Wald test
c
Gray test

TABLE 5. NeuroBlate (Monteris Medical) Prognostic Groups Compared With Biopsy Control
Groupc
OSa
Biopsy
Favorable
Intermediate
Unfavorable
DSOSb
Biopsy
Favorable
Intermediate
Unfavorable
PFSa
Biopsy
Favorable
Intermediate
Unfavorable
DSPFSb
Biopsy
Favorable
Intermediate
Unfavorable

n

Median survival or cumulative
incidence in 12 mo

P valuec (compared to biopsy
after adjustment)

24
8
9
7

15.8
10.1
21.4
14.4

.64
.80
.78

24
8
9
7

31% ± 1%
25% ± 3%
13% ± 2%
40% ± 6%

.033 (in favor of LA)
.31
.43

24
8
9
7

5.97
8.20
4.52
3.28

.21
.12
.001 (in favor of biopsy)

24
8
9
7

63% ± 1%
25% ± 3%
88% ± 3%
100% ± 2%

.05
.17
<.001 (in favor of biopsy)

LA: laser ablation
a
Log rank test comparisons to biopsy only
b
Gray’s test for comparisons to biopsy only
c
Adjusted for age (≤ 70 yr vs > 70 yr), gender, tumor location and tumor volume (≤ 11 cc vs > 11 cc)
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CONCLUSION
Maximum or favorable tumor coverage by LA followed by
CRT is an effective treatment modality in patients with nGBM as
compared to biopsy alone followed by CRT. Minimally invasive
nature of LA makes it a reasonable alternative option in patients
who are either not suitable for aggressive surgery or choose not
to undergo standard resection. The extent of tumor coverage
by hyperthermic lines (TDT-lines) was independent predictor
of DSOS and DSPFS, which can be equated to the impact of
the extent of surgical resection on outcome in patients with
nGBM.
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commend the authors for conducting a large multi-center study that
expands the applicability of LITT for nGBM. Neurosurgeons should
continue to exercise a patient-specific approach when utilizing LITT as
a primary treatment for deep inaccessible gliomas. We are confident that
LITT will serve as a safe effective primary treatment for deep inaccessible
nGBM in properly-selected patients.
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(maximal ablation) was associated with improved disease-specific
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be reserved for lesions that can be ablated favorably. Nevertheless, we
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