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ABSTRACT

Background: Laser interstitial thermal therapy (LITT) is a nguainimally invasive alternative

to craniotomy, and as with any new technology, comi¢h a learning curve.

Objective: We present our experience detailing the evolutibthis technology in our practice

in one of the largest patient cohorts to date @iggrLITT in neuro-oncology.

Methods: We reviewed 238 consecutive brain tumor patieneatéd with LITT at our
institution. Data on patient, surgery and tumorrabteristics, and follow-up were collected.
Patients were categorized into two cohorts: EatB0(@4, 100 patients) and Recent (>2015, 138

patients). Median follow up for the entire cohodsa8.4 months.

Results: The indications for LITT included gliomas (70.2%gdiation necrosis (21.0%), and
metastasis (8.8%). Patient demographics stayedstent between the two cohorts, with the
exception of age (Early: 54.3, Recent: 58.4, p=0.@perative time (6.6 versus 3.5, p<0.001)
and number of trajectories (53.1% versus 77.9% Wittajectory, p<0.001) also decreased in the
Recent cohort. There was a significant decreaggeimanent motor deficits over time (15.5
versus 4.4%, p=0.005) and 30-day mortality (4.1%swe 1.5%) also decreased (not statistically
significant) in Recent cohort. In terms of clinicaltcomes, poor preoperative KPR Q) were
significantly correlated with increased permaneefiaits (p=0.001) and decreased overall

survival (p<0.001 for all time points).

Conclusions. We observed improvement in operative efficiency aedmanent deficits over
time and also patients with poor preoperative KBt8ewved suboptimal outcomes with LITT. As

many other treatment modalities, patient seledgorery important in this procedure.

Key Words: Laser Interstitial Thermal Therapy (LITT), Brairufor, Radiation Necrosis,

glioma, brain metastasis, laser ablation, novailttnent

Running Head: LITT in neuro-oncology: lessons learned
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INTRODUCTION

Laser interstitial thermal therapy (LITT) is a mnmmally invasive surgical technique with
progressively evolving utility and indications imet neurosurgical world? Though first
suggested by Bown in 1983, LITT was initially lieit by technological restrictions, which did
not permit real-time monitoring and control of el damagé> However, advances in recent
years, in particular the development of MRI thernetnyy have enabled precise monitoring and
delivery of thermal energy to predetermined targetereby reviving LITT as a powerful and

practical tool in the neurosurgical armamentarfuim.

LITT achieves stereotactic tissue ablation via\ael of thermal energy to a designated brain
region’> Specifically, a laser probe is inserted throughuar hole along a predetermined
trajectory, and thermal energy is strategicallyiveeed to induce hyperthermic damage of the
target tissue while MR-thermometry facilitates rale monitoring of the thermal energy being
delivered!? Given its minimally invasive nature and ability &zcess lesions in problematic
locations, LITT has been adopted for a variety efinosurgical operations, including those for

intracranial tumors, radiation necrosis, and egijep *°

LITT has long been recognized as a promising toalgurosurgical oncology. While the current
standard of care for high-grade gliomas is maxinsafie resection with adjuvant therapy, gross
total resection is sometimes unachievable due twoamatomical limitations and poor patient
functional status:* It is well established that patients with tumoesneloquent areas or in deep
seated regions that preclude safe aggressive i@séate a worse prognosis-*2In this setting,
LITT may offer an alternative therapeutic approdicat allows cytoreduction for difficult-to-
access tumors that otherwise is infeasible wittitienal surgery:>****While there is no clear
consensus on the optimal treatment methodologiziagl LITT for high-grade gliomas, several
case series have described the utility and safiety®r in this setting®*%**'%2% |n addition,
LITT has been utilized successfully in radiatiorcmosis from failed radiotherapy as well as a

salvage treatment for metastatic brain lesions pitmising result'%*

Previous publications regarding the use of LITT gagj that it is a safe and well-tolerated
modality of treatment for a variety of intracrani&sions, including malignant brain

tumors>®13212527 Ag 3 relatively new procedure, however, there segeral unanswered
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guestions concerning optimal patient selection @ndomes. Currently, there are no established
guidelines regarding indications for LITT with resp to tumor size, pathology, or patient
characteristics like age and functional status. Wegan using LITT for the treatment of brain
tumors at our institution 10 years ago and condltie first in-human study from 2009-20%0.
As one of the earliest adopters of this technologg, have extensive experience with this
technique and its development over the years. $tudy shows what we have learned from
utilizing LITT in our practice over the past decaml®l the evolution of practices and outcomes

over time in the largest single-center patient cbtedate.

METHODS
Patient Population

All patients (238 consecutive patients) who undemwdTT for brain tumor treatment at our
academic institution between 2011-2018 were ret&cpgely reviewed in this case series. Cases
in 2009-10 were excluded as they were used fofitstehuman study for FDA approval in 2010.
Patient data were collected through the middle @& which explains the lower number of
patients from 2018 in our cohort (figure 1). Theigras were categorized into two groups: 1)
Early, for those treated between 2011-2014 (10(epia) and 2) Recent, for those treated
between 2015-2018 (138 patients). Differences itrepdemographics, tumor characteristics,
surgical approach, and outcomes between the EadyRaecent cohorts served as the primary
end point of our study. Patients with missing datd who were lost to follow-up were censored

from survival analyses.
LITT

LITT was performed using the NeuroBlate® System iiiddos Medical, Plymouth, MN). All
procedures in the cohort were performed by ondargfet surgeons at our institution in a manner

consistent with previous descriptions in the litera
Data Collection and Analysis

This study was performed under the purview of aB demmittee, which approved retrospective
data collection without requirement for patient semt prior to the start of this study. Data were

collected on a variety of parameters, includinggratdemographics, tumor profile, operative
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variables, complications, and postoperative out{®S scores were collected for all patients
at four time points: the preoperative visit closestITT and at the 3-month, 6-month, and 12-
month postoperative visits. All statistical anadysvas performed in R (Version 3.5.1, The R
Foundation for Statistical Computing, Vienna, AigtrTo address and minimize bias within the
retrospective study design, data collection wasdstedized with precise definitions for each

variable and measure and validated by a secondidiogil.

RESULTS
Patient Characteristics

A total of 238 patients were included; a detailedcaunt of patient demographics across the
entire cohort can be found in Table 1. Of the pasién our cohort, 50.8% were female and
49.2% were male. 55.5% of patients were under tfeecd 65 years. 79.4% had lobar tumors,
3.8% had posterior fossa tumors, and 16.8% had-slegied tumors, defined as tumors in
subcortical areas. The majority (70.2%) of patiemél upfront or recurrent gliomas, while
21.0% of patients had radiation necrosis, and 8@%patients had intracranial metastases
(Figures 1 and 2). Of the glioma patients, 84.4% Imgh-grade gliomas (HGG) and 15.6% had
low-grade gliomas (LGG). Among the 167 patientshvgliomas, 6 (3.5%) patients had WHO |
astrocytoma, 20 (12.0%) had WHO Il astrocytoma, &8@d(22.2%) patients had WHO 1l
astrocytoma, 104 (62.3%) patients had glioblastofri® patients (47.1%) were diagnosed
upfront with biopsy at the time of LITT. Averagergical time, which was defined as time from
incision to time to closing, was 4.7 2.6 hoursnge: 1.0hr - 13.9hrs), and 67.7% were treated
with single trajectories. 221 patients had preadperaKarnofsky Performanse scores (KPS)
available, and the median preoperative KPS was/@dian follow-up was 8.4 months, and 52%
had progression during follow-up (31 patients weitaer lost to follow up or deceased prior to
postoperative radiographical evaluation and wengs thensored from this analysis). In our
cohort, temporary complications occurred in 30.2%atients, and permanent deficits occurred
in 10.8% of patients, with an overall mortality26%. Tumor location was not found to have a

significant effect on OS or PFS (p=0.13 and p=0r&&pectively).
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Six patients had their procedures aborted due ugpegent malfunction (3 patients) and absence

of neoplasm (3 patients). A detailed list of théigras with aborted procedures can be found in

table 2. There is not a statistically significaetationship between either patient cohort and

procedure abortion in general (p=0.409). Howevesrd was a trend towards decreased number
of procedure abortion secondary to equipment matfon in recent cohort (p=0.07). Since these

patients did not complete the procedure, they weteincluded in the final QOL or survival

analyses.

Outcome Analysis

Lesion Size

HGG patients who underwent LITT for large tumorsl(me > 4crf) had significantly worse
OS (p<0.001) than HGG patients who underwent tihexgdure for small tumors (volume <
4cnt, Figure 3). This effect is apparent at the 12-hpfi8-month, and 24-month postoperative
time points (Table 3). At 12-months, only 36.9%patients who underwent LITT for large HGG
were alive, while 75% of patients with smaller H@@re alive (p<0.001). At 18 months, only
20.7% of LITT patients with large HGG were alivehile 54.8% of LITT patients with small
HGG were alive at the same time point (p=0.001ktlyaonly 11.1% of LITT patients with
large HGG were alive at 24 months, compared t0%109 patients with small HGG (p=0.001).
HGG patients with large tumors also had signifigamorse PFS than those with smaller tumors
(p=0.015). Lesion size did not significantly affé€dS or PFS for low-grade gliomas (LGG),
metastatic lesions, or radiation necrosis.

Preoperative Functional Status

Poor preoperative KPS<{0), were correlated with an increased number ofnpaent motor
deficits compared to those with good preoperatiRSKf 80-100 (17.6% vs. 2.3%, respectively,
p<0.001, Table 4). Additionally, patients with popreoperative KPS also had significantly
decreased OS at 12 months (Poor Preoperative KB.8%3 Satisfactory Preoperative KPS:
67.6%, p<0.001), 18 months (Poor Preoperative KEB®H%; Satisfactory Preoperative KPS:
50%, p<0.001), and 24 months (Poor Preoperative:XPB%; Satisfactory Preoperative KPS:
38.9%, p<0.001).
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Glioma Patient Survival: Subset Analysis

All 6 patients with grade | glioma were alive at, 18, and 24 months. The OS for patients with
WHO I astrocytoma was 100% (20/20) at 12 montl&£6817/20) at 18 months, and 85%
(17/20) at 24 months. OS for patients with WHO dBtrocytoma were 78% (29/37) at 12
months, 62% (23/37) at 18 months, and 54% (20/82%anonths. Finally, OS for patients with

glioblastoma was 47% (49/104) at 12 months, 36%L(B¥) at 18 months, and 29% (30/104) at
24 months.

Comparative Analysis: Early vs. Recent Cohort

Patient I ndications and Selection

There was a trend towards utilizing LITT for radat necrosis in the past two years at our
institution (Figure 1). With the exception of agfegre were no significant differences in patient
demographics between the two cohorts (Table 5).avieeage age of patients in the Early cohort
was 54.3+15 years (range: 19-87 years), while ttezage age of patients in the Recent cohort
was 58.4+15 years (p=0.040, range: 17-88 yearshdid, we did not find any trend towards
using LITT based upon the size (volume or maximuameter) or location (deep versus lobar)

in early versus recent cohort.
Operative Efficiency

There was a significant reduction in operation tifinem 6.67+2.66hrs in the Early cohort, to
3.57+1.75hrs in the Recent cohort (p<0.001, tabldigure 4). The number of trajectories
utilized also decreased such that 77.9% of patisnthie Recent cohort underwent only one
trajectory to achieve satisfactory ablation, coredato 53.1% in the Early cohort (p<0.001,
Table 6). Univariate analysis identified radiatioacrosis and recurrent tumors as variables
significantly correlated with shorter operation @m(p=0.02 and p=0.012, respectively).
Furthermore, univariate also found operation timaswsignificantly decreased in cases
performed after 2013 (p<0.001). In contrast, upgdamimors were associated with significantly
longer operation time (p=0.013). Multivariable ars# identified cases performed after 2013 to

be correlated with significantly shorter operatione (p<0.001).

Complications
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Temporary motor complication rate did not signifitg differ between the two cohorts (Early:
23.9%; Recent: 19.1%, p=0.493). Patients with tewmyo deficits had larger edema size
compared to patients without temporary motor defi€i7.39 cm vs. 7.18cm), though this
relationship was not significant (p=0.63). Thereswa statistically significant decrease in
permanent motor deficits over time, occurring in5% of patients in the Early cohort compared
to 4.4% of patients in the Recent cohort (p=0.0GHle 7, Figure 5). Our study was not powered
to detect significant differences in rare compimas due to their low incidence, but we did
observe trends towards a decrease in postopetaimerrhages necessitating surgery (Early: 3,
Recent: 0), lower infection rate (Early: 3.1%; Rec®%), and a reduction in 30-day mortality
(Early: 4.1%; Recent: 1.5%) between the two cohatthhough these changes did not reach
statistical significance. Neither univariate nor ltvariate analysis identified any specific
predictors of postoperative complications.

DISCUSSION

With optimal preoperative planning and patient stgb®, LITT provides a minimally invasive
method of ablating designated intracranial targeith minimal damage to surrounding
structures”?’ Recently, Kamath and colleagues published a casiessof 133 patients
demonstrating that LITT was safe and effectivereating a variety of intracranial lesioffsOf
these 133 patients, 88.3% had gliomas, and 3.8%r&didtion necrosis from radiosurgery
failure?” They reported a complication rate of 12% and #operative mortality rate of 2.2%.
Similar to our study, this report noted a decreiaseperative time (average: 3.75hrs+1.83hrs)
and an association between large tumor size (méxohemeter > 3cm) and increased
complications (p=0.056Y. Another study performed by Patel and colleague20t6 also
demonstrates the safety and efficacy of LITT, thoulge authors stress the importance of
appropriate patient selection and rigorous surgiggroach in achieving optimal outconiésn
their cohort, 49% of patients had gliomas and 368 radiation necrosis. They reported an
overall complication rate of 26.5% and a neurolagmmplication rate of 13.798. Similar to
our study, they reported a decrease in operative With experience (average: 2.8hrs+0.6hr) and
emphasized the potential of LITT after overcoming learning curve. Several other reports have
also corroborated the safety and efficacy of thisatment modality for intracranial

Iesionsl,6,16,23,25
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In our cohort, we observed a 46% reduction in dperdime with a significant increase in the
number of patients requiring just one trajectory domplete ablation over time (p<0.001, table
6). The decrease in operation time can likely iebated to increased surgical proficiency as
well as advances in laser technology. For instaacew generation of the laser ablation system
with more efficient lasers was released in 20138dileg to reduced ablative times and fewer
trajectories. Recent evolution in LITT technologgve led to increased precision of thermal
energy delivery, decreased collateral damage tacadj brain structures, and greater control
over the thermal energy delivergd>?>%>313°Qur results also support this conclusion, as
multivariate analysis confirmed that cases perfarnadter 2013, during which the new
generation of NeuroBlate® was introduced, were peaeently correlated with shorter operation
time (p<0.001). These ongoing technological advarmave led to increased safety and efficacy
in LITT.>®2427

We also noted an increased average age of oungmabg 4 years between the two time periods,
which may reflect our expanding patient selectionthhe Recent cohort due to increased
experience with LITT. When we first adopted thisheique, we were more selective and
operated on patients with fewer comorbidities tacrdase confounding. This was often
accompanied by younger age. In the Recent cohath imcreased surgical expertise and
established outcomes in certain pathologies, weargdgd our patient selection to include a

broader range of prognoses and corresponding ages.

Additionally, we observed a trend over time towantiizing LITT for radiation necrosis. This
was likely motivated by the emergence of strongdence on the efficacy of LITT for this
indication. For instance, a multi-site, open-laplkase Il study on 39 patients with radiosurgery
failure, 20 of whom had radiation necrosis, by Atwilia and colleagues demonstrated PFS in
100% of patients at the 12-week follow up appoimttié

We also found a significant decrease in permanestbmdeficits between the two cohorts
(Early: 15.5%; Recent: 4.4%, p=0.005). This candteibuted to an important change in
preoperative surgical planning. Work previously fpened at our institution showed a
significant association between overlap of hyperthe fields with corticospinal fibers during
LITT and postoperative permanent motor defitittndeed, Sharma et al. demonstrated that

even minimal overlap of the corticospinal fiberghwithermal damage threshold (TDT) lines led
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to increased permanent motor defiéltsAs such, we began routinely tracing and uploading
important motor fibers (using MRI diffusion tensbber tracking) to the image guidance
software, thereby giving the neurosurgeon diresuaiization of these critical regions and
preventing off-target thermal damage, leading tsigmificant decrease in permanent motor

deficits.

In our cohort, there was a clear correlation betwesnor size and survival in HGG, such that
smaller HGG (volume < 4cthhad significantly improved OS and PFS comparethéir larger
counterparts (p<0.001 and p=0.015, respectively)ildthe authors recognize that many factors
may contribute to this association, previous repstiggest the correlation between tumor size
and survival may be partially due to more favordbker coverage in smaller tumors, since a
single laser trajectory has a maximal diameter @h.4indeed, a multicenter study on HGG
patients treated by LITT demonstrated that smailerors (<10 crf) had more favorable TDT
coverage compared to their larger counterpartsghwhii turn was correlated with significantly
improved PFS (p=0.02)Another multi-center study showed a significargcasation between
the extent of laser coverage and disease specBi@a@ PFS as well as a correlation between
favorable coverage and tumor $izBespite this, we do not observe a trend towaresaimg in
smaller tumors, even in HGG. This is partially doghe usage of LITT as a conjunctive therapy
in combination with minimally invasive surgical degking strategies to decrease mass effect in

large tumors>34

Finally, our data show a significant associationween poor preoperative KPS70) and
increased PMDs and decreased OS. This is in acooedaith previously published data on the
correlation of preoperative KPS with outcomes. stance, a report by Stark and colleagues
found a significant decrease in median survivalveen patients with KPS of 50-70 compared
with patients with KPS with a KPS of 80 or highg<(.0001)*® While unsurprising, this
suggests that LITT may not be well suited for paBewho are significantly functionally
compromised before surgery. Patients with poor gpeemtive KPS scores were often not
candidates for conventional surgery and receivedlTLfor a variety of reasons, including

inability to tolerate chemotherapy and failure dfuvant therapy.

As a novel technology, LITT has tremendous poténda a tool in the neurosurgery

armamentarium, but appropriate use and patienttsmieare paramount for optimal outcomes. A
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key benefit of LITT is its minimally invasive ap@ch that reduces damage to nearby structures
compared to conventional open surgery. As suchptsinthat may otherwise be difficult to
access or inoperable due to their anatomical losadr close proximity to eloquent structures
could be ablated utilizing LITT. However, LITT isohwithout risks. For one, as reported by
Mohammadi and colleagues, thermal damage can docuworticospinal tracts, leading to
postoperative motor deficits. As such, meticulougoperative trajectory mapping with
intraoperative visualization of adjacent motor fbesing image guidance software is critical in
all operations involving LITE! As such, based on our experience, we recommeridsaghe
use of LITT as the sole treatment modality for éatgmors with significant mass effect, as this
has been associated with postoperative complicatiBlowever, LITT can still serve as an
adjunctive treatment in conjunction with surgicabdlking in these cases for residual tumor in
difficult-to-access regions. Based on previous respérom our group, we would recommend
LITT as a treatment modality for radiation necrpsas LITT has been shown to be highly
effective in prolonging OS and PFS in these pasi&tft*

While the past decade of experience with LITT atiostitution has significantly increased our
understanding of this technique and its indicatioms study is not without its limitations.
Importantly, the retrospective nature of this styugdisposes it to selection bias; in particular,
patients who received LITT were often those whoemeot good candidates for conventional
open resection due to factors like poor functiostdtus, which is associated with poor
outcomeS: 1?3 Thus, our results may not completely reflect omtes of LITT in the brain
tumor patient population at large. Additionallylyfd12 (47.1%) of the patients were diagnosed
with biopsy at the time of LITT, which also introzks selection bias to the result. Due to the
study design, tumor profiles were also constraibgdhe patient population, which primarily
consisted of supratentorial and lobar lesions. faldlly, as our patients are from a single
institution, the results could be affected by instbn-specific practices, and due to the relagivel
recent introduction of LITT, only 232 patients weneluded in the final analysis. As such, the
study was not sufficiently powered to detect siigaifit differences in rare occurrences, such as
30-day mortality, between the patient cohorts. Meeg, since our study was designed as a case
series to examine changes in trends over timeg tisero reference group with which to compare
outcomes following LITT. These limitations provide useful platform for future endeavors,

which could include multi-center prospective stgdim the efficacy of LITT in defined patient

10
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groups in comparison with other surgical modalit®sch a study would include a higher patient
volume, increased statistical power, and a refergmoup that allows head-to-head comparisons
of outcomes and indications. We did not have acteshe complete molecular profiles of the
tumors in this study, but as the heterogeneity ahyntumors treated in our cohort, in particular
HGG, and its effect on survival and tumor progmssare well established, it would be
interesting to examine the relationship betweeneawdbr profile and LITT outcomes in a future

investigation®’

CONCLUSION

LITT provides a minimally invasive method of phatagulating defined targets via thermal
energy with minimal compromise of adjacent struesuiRecent developments in technology and
experience have allowed us to both improve thecieficy and safety of this surgery, as
evidenced by the reduction in permanent motor deficlTT appears to be more effective in the
treatment of smaller tumors (volume <4cc), an éffleat is particularly salient HGG. As with all
treatment modalities, patient selection plays apoairtant role, and our results suggest poor
preoperative KPS is correlated with worse outcorfesure large-scale studies are necessary to

further elucidate the indications for LITT in theamagement of patients with brain tumors.
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FIGURE LEGENDS

Figure 1. Tumor Profile of Entire Cohort Over The Years

Figure 2. Primary Pathology

Figure 3. Overall Survival With Respect to Tumor Size

Figure4. Operative Time Across TheYears

Figure5. Permanent Deficits Between Two Cohorts
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Table 1. Cohort Overview

Patient Characteristics

Number of Patients (%)

Gender Male 117 (49.9%)
Femal 121 (50.90)

Ade >65 year 10€ (44.5%)
9 <65 year 132 (55.5%)

Functional Status

Preoperative KPS

Median Score

90 (Range: 5-100;

Tumor Characteristics Number of Patients (%)

Glioma (Total 167 (70.%)

High Grade Gliom 141 (59.%)

Pathology Low Grade Gliom 26 (10.9%)
Metastase 21 (8.9%)

Radiation Necros 50 (21.0%)

Lobal 189 (79.%%)

Location Deej-Seate 40 (16.£%)
Posterior Fos¢ 9 (3.8%)

Surgical Parameters Hours

Operative Variables

Average Operation Tin

4.742.€ (Range: 1.(- 13.9hrs)

1 Trajectory

Number of Patients (%)

157 (67.7%

2 Trajectorie 60 (25.9%
3+ Trajectorie 15 (6.4%
Outcomes and Follow-Up Number of Patients (%)

Complications Temporary Deficit 70 (30..90)

P Permanent Defici 25 (10.8%)

Overall Mortality 5 (2.16%

Survival and Follow- Overall Survival M;)gt? S

Up Progressio-Free Survive 5.t
Median Follov-Up 8.4




Table 2. Aborted Procedures

Patient Date of Scheduled Cohort Rationale for Procedure p-Value
Procedure Abortion
1 9/15/201: Early Equipment malfunctic
2 12/27/201. Early Equipment malfunctic
3 7/23/201: Early Equipment malfunctic 0.409
4 7/1/201- Early No tumor prese/Absces '
5 1/23/201! Recen No tumor prese/Absces
6 3/24/201! Recen No tumor presel/Absces
Table 3: Patient Demographics across Both Time Peails
Time period P-value
Characteristic Category Early, 2012014  Recen, 201:-201¢
n=100 n=138
Age, n (%) Mear+STD 54.3+1¢ 58.4+1! 0.040
<6t 62 (62.%) 70 (50.7%) 0.08¢
Sex, n (%) Femali 55 (5£.0%) 66 (47.9%) 0.27¢
KPS, Mean + SD Preoperativ 8549.7 83.2+1: 0.21:
6 month follov-up 72.5t14.: 75+13.¢ 0.32(
Recurrence, n (% Newly diagnose 51 (51.(%) 68 (49.3% e
Recurrer 49 (49.(%) 70(50.7%
Location Lobai 80 (80.%) 109 (79.%)
Posterio foss: 1 (1% 8 (5.89%) 0.133
Deef-seate 19 (19.(%) 21 (15.29)
Lesion type, n (% High gradi gliome 60 (60.(%) 81 (58.%)
Low gradegliome 14 (14.(%) 12 (8.7%)
Metastasi 10 (10.(%) 11 (8.(%) 0.280
Radiation necros 16 (16.(%) 34 (24.%)



Table 4. Operative Characteristics across Both Tim@eriods

Characteristic

Operative time, n
(%)

Trajectories, n (%)

Tumor volume, n
(%)

Category

Mean + SI

Prolonge!
1
2
3
4
Mean = SL

>3cc
>4cc

Range

Time period

Early, 20112014 n=9¢

6.67+2.66 hr:

20 (21.1%

51 (53.1%

36 (37.5%
8 (8.3%
1 (1%
12411.¢

74 (77.9%
67 (70.5%
0.092cc—59.7¢¢

Recen, 201:-201¢,
n=136

3.57+1.75 hr.
4 (2.9%
106 (77.9%
24 (17.6%
5(3.7%)
1 (0.7%
10.7+16.!

92 (67.6%
85 (62.5%
0.176¢cc- 127.1c

value

<0.001

<0.001
<0.001

0.49:

0.12(
0.261



Characteristic

Temporary
deficits, n (%)

Permanent
deficits, n (%)

Hemorrhage, n
(%)

Infection, n
(%)
Length of stay,
n (%)
30-day
mortality, n
(%)

Table 5. Outcome Comparison between Time Periods

Category
Motor
Sensor

Seizure
Othel
Motor

Sensor
None

SmallBlood
products
large hemorrhag

NeedSurgen for
ICH
Yes
Mean £ S[

Yes

Time period
Early, 2012-2014 Recen, 2015-201¢
n=96 n=136
23 (23.9%) 26 (19.1%
3(B.1% 0 (0%
0 (0% 2 (1.5%
10 (10.90) 6 (4.4%
15 (15.5% 6 (4.4%
2 (2.1% 2 (1.5%
19 (19.6% 29 (21.3%
61 (62.9% 95 (69.9%
14 (14.4% 12 (8.8%
3(3.1%); 0 (0%
3(3.1% 0 (0%
2.3+2.2 2.5+3.7
4 (4.1% 2 (1.5%

P-value

0.49:

0.071

0.517
0.11:
0.005

1.00(
0.10¢

0.071

0.801

0.241]



Table 6. Outcomes According to Tumor Volume

Characteristic

High grade glioma

Overall survival

Progression fre

survival

Low grade gliome

Overall survival
Progression fre

survival

Metastasis

Overall survival
Progression fre

survival

Radiation necrosis

Overall survival
Progression fre

survival

Time period

12 months
18 months
24 months

12 months

24 months
24 months

12 months

12 months

12 months

12 months

Size of tumor

<4 cnt

75% (57.6-86.7,

54.£% (37.6-70.8
41.S% (26.£-59.2

20% (9.5-37.3

10C% (56.€-100
33.5% (6.1-79.2

40% (11.£-76.9
0% (0-43.4,

45.50 (21.5-72)
10% (1.6-40.4.

Table 7. Outcomes According to Preoperative KPS

Characteristic

Permanent
deficits, n (%)

Overall survival

Progression
free survival

Category

Motor

Sensor
12 month
18 month
24 month
12 month

KPS

<70, n=91
15 (17.6%

2 (2.4%
24 (33.8%
16 (23.5%
10 (14.7%
9 (12.5%

P-value
>4 cnt
36.5% (27.4-47.6, <0.001
20.7% (13.£-30.7 0.001
11.1% (6-19.8 0.001
8.4% (4.1-16.4 0.10¢
85.7% (48.7-97.4 1.00(C
25% (4.€-69.9 1.00(C
25% (7.1-59.1 1.00(C
0% (0-35.4 1.00(C
53.6% (35.6-70.5 0.731
12.5% (4.3-31) 1.00(C
P-value
80-10C, n=13(
3(2.3% <0.001
2 (1.5% 0.68¢
69 (67.6% <0.001
47 (50% <0.001
35 (38.9% 0.001
14 (16.9% 0.691



