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Abstract

Purpose Both laser interstitial thermal therapy (LITT) and bevacizumab have been used successfully to treat radiation necro-
sis (RN) after radiation for brain metastases. Our purpose is to compare pre-treatment patient characteristics and outcomes
between the two treatment options.

Methods Single-institution retrospective chart review identified brain metastasis patients who developed RN between 2011
and 2018. Pre-treatment factors and treatment responses were compared between those treated with LITT versus bevacizumab.
Results Twenty-five patients underwent LITT and 13 patients were treated with bevacizumab. The LITT cohort had a longer
overall survival (median 24.8 vs. 15.2 months for bevacizumab, p=0.003) and trended to have a longer time to local recur-
rence (median 12.1 months vs. 2.0 for bevacizumab), although the latter failed to achieve statistical significance (p=0.091).
LITT resulted in an initial increase in lesional volume compared to bevacizumab (p < 0.001). However, this trend reversed
in the long term follow-up, with LITT resulting in a median volume decrease at 1 year post-treatment of — 64.7% (range —
96.0% to+ > 100%), while bevacizumab patients saw a median volume increase of + > 100% (range — 63.0% to+ > 100%),
p=0.010.

Conclusions Our study suggests that patients undergoing LITT for RN have longer overall survival and better long-term
lesional volume reduction than those treated with bevacizumab. However, it remains unclear whether our findings are due
only to a difference in efficacy of the treatments or the implications of selection bias.
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Abbreviations Introduction

KPS Karnofsky performance score

LITT  Laser interstitial thermal therapy Radiation necrosis (RN) can occur in up to 46% of SRS-
(0N} Overall survival treated brain metastases patients radiographically and
PFS Progression-free survival about 10-15% clinically [1, 2]. The incidence of RN can
RN Radiation necrosis vary depending on multiple factors including radiation dose,
SRS Stereotactic radiosurgery fractionation, lesional volume, and systemic treatments [3,
WBRT Whole brain radiation therapy 4]. Initial treatment for RN is typically conservative. When

symptoms develop, the treatment generally consists of cor-

ticosteroids. Although an effective tool, corticosteroids are

associated with many long-term adverse effects includ-
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Laser interstitial thermal therapy (LITT) and bevaci-

zumab have both been shown to be efficacious in the man-

agement of RN after radiation for brain metastases. LITT is
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in-field recurrence and RN. Accessed via a single burr hole,
LITT delivers thermal energy to the lesion and, when cou-
pled with MRI-guidance, allows for greater accuracy of
ablation. Although LITT was initially used for difficult-to-
access lesions, its indications are rapidly expanding and now
include the treatment of RN in cases where symptoms are
difficult to control with steroids alone or in cases of pro-
gressive lesion growth in both deep and superficial loca-
tions. Bevacizumab, on the other hand, is an anti-vascular
endothelial growth factor (VEGF) antibody which decreases
vessel permeability and edema. It is the only agent that has
been shown in a randomized controlled trial to be effica-
cious treatment for RN [5]. The indications for choosing
LITT versus bevacizumab for management of RN however
remain unclear. In this study, we aim to compare patient
demographics, pretreatment factors, and outcomes for the
patients undergoing LITT and bevacizumab for RN at our
institution to better inform decision making.

Methods

Single-institution retrospective chart review was performed
of all patients who were treated with radiation for brain
metastases and then developed RN between 2011 and 2018.
Those who had subsequent treatment with either LITT or
bevacizumab within 3 months after radiation were presumed
to have acute or subacute radiation injury and were excluded
from the study. Those without baseline imaging prior to
treatment and those with follow-up of less than 6 weeks
were also excluded from the study. For the LITT subgroup,
RN was diagnosed by tissue biopsy performed at time of the
procedure. For the bevacizumab subgroup, multidisciplinary
review of serial MRI brain with and without contrast along
with MRI perfusion and spectroscopy, when available, were
used to make the diagnosis of RN. Associated patient demo-
graphics, cancer history, pre-treatment factors, steroid use,
radiographic and clinical responses were collected.

Treatments

Indications for treatment included development of symp-
toms, concerns for imaging progression, and to facilitate
steroid wean and/or commencement of immunotherapy.
In the LITT cohort, indications also included need for
diagnosis.

All LITT patients underwent biopsy prior to the proce-
dure and all cases of RN were confirmed by pathology. At
our institution, the NeuroBlate system (Monteris Medical Inc.,
Minneapolis, MN) was used for LITT. Surgical procedures
were performed using standard stereotactic guidance of a sin-
gle laser fiber placed into the center of the lesion. Monitoring
of lesion ablation was performed using continuous gradient
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echo sequence imaging. These procedures have been described
elsewhere [6]. All patients were admitted for observation in
the neuro intensive care unit (NICU) post-operatively and dis-
charged home typically within 1-2 days after surgery.

Bevacizumab was administered as outpatient infusions,
typically every 2 weeks at 7.5-15 mg/kg dose. Duration of
bevacizumab dosing varied on a case-by-case basis but was
typically administered as an abbreviated course unless beva-
cizumab was also being used for systemic disease treatment.

Five patients in the LITT group subsequently received bev-
acizumab treatment. Outcome for these patients were assigned
to the cohort of their initial treatment. Adverse outcomes were
graded according to the National Cancer Institute Common
Terminology Criteria for Adverse Events (NCI-CTCAE) [7].
Overall survival (OS) and progression free survival (PES)
were calculated from the date of the LITT treatment or the
date of the first bevacizumab infusion.

Imaging analysis

When available, follow-up MRIs were assessed at 1 month,
3 months, 6 months, 12 months, and at the last follow-up.
Both lesional volume change and a modified version of the
Response Assessment in Neuro-Oncology Brain Metastases
(RANO-BM) criteria were used to assess response. Lesional
volumes were estimated from the T1-weighted post-contrast
MRI using the formula volume = (Iength X width X height)/2.
Response criteria were adapted from the original RANO-
BM described by Lin et al. [8] by excluding an assessment
of non-target lesions and new lesions which do not apply to
assessment of surgical lesions. For simplicity, response in the
index lesion in the bevacizumab group was compared to the
surgically treated lesion in the LITT group. In bevacizumab
patients with multiple lesions, the index lesion was defined as
the lesion that expanded immediately prior to starting beva-
cizumab or the biggest lesion if multiple lesions expanded.

Statistical analysis

Data were analyzed using SPSS 26 (SPSS Inc.). Mann—Whit-
ney U test was used to compare the medians of continuous
variables. Fisher’s exact test was used to compare independent
dichotomous variables. Simple logistic regression was used
to assess a relationship between bevacizumab dosage and
progression. All tests were two-sided. P-value of <0.05 was
considered significant.
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Results
Patient demographics and treatment data

One hundred patients were treated with LITT between
2011 and 2018 by a single neurosurgeon at a major aca-
demic institution. Sixty-eight patients underwent LITT for
re-growing metastatic lesions and were excluded from the
study. Four patients were also excluded for diagnoses other
than brain metastasis. In the remaining 28 patients who
had biopsy-proven RN, one patient died before 6 weeks,
one was lost to follow-up, and one underwent LITT less
than 3 months after radiation, making the remaining total
number of patients 25 in the LITT cohort.

Two hundred and fifty patients were identified through
a review of hospital pharmacy records to have received
bevacizumab between 2011 and 2018 from neuro-oncolo-
gists and medical oncologists at our institution. Twenty-six
patients remained after deduplications and after excluding
those who had other pathologies, did not have previously
radiated brain metastasis, or did not have pre-treatment
brain imaging in the system. Five patients received bevaci-
zumab at time of LITT failure and were analyzed with the
LITT cohort. Of the remaining 21 patients, 2 died before
6 weeks, one was lost to follow-up, and 5 received beva-
cizumab within 3 months after radiation. The remaining
total number of patients was 13 in the bevacizumab cohort.

Median age at time of treatment was 62 years for the
LITT cohort (range 35-81 years) and 63 years for the
bevacizumab cohort (range 33-72 years), p=0.605. There
were more females in the LITT cohort (64.0% vs. 23.1%
in the bevacizumab cohort, p=0.038). There was no sta-
tistically significant difference between the two groups in
terms of pre-treatment KPS (median of 80 and range of
50-100 for bevacizumab vs. median of 90 and range of
60-100 for LITT, p=0.057), as well as the presence of
systemic metastases at time of treatment, defined as receiv-
ing systemic therapy or imaging demonstrating persistence
of metastases outside the brain (69.2% for bevacizumab
vs. 68.0% for LITT, p=1.000). In both groups, the most
common primary pathology was lung cancer (bevacizumab
46.2%, LITT 44.0%) followed by melanoma (bevacizumab
38.5%, LITT 32.0%). 46.2% of bevacizumab patients and
36.0% of LITT patients had prior craniotomy (p=0.728).
In the LITT group, 55.6% of the patients had prior crani-
otomy for the same problematic lesion, compared to 66.7%
in the bevacizumab group. In both groups, the most com-
mon radiation modality used for treatment of the brain
metastases of interest was SRS alone (84.6% for bevaci-
zumab vs. 84.0% for LITT), with SRS dose ranging from
15 to 22 Gy single fraction SRS and 24 to 30 Gy hypo-
fractionated SRS. Patients who received treatment less

than 3 months after radiation were presumed to have acute
or subacute radiation injury and were excluded. Median
time from SRS to initiation of bevacizumab was 6 months
(range 3-34 months), and median time from SRS to the
LITT procedure was 13 months (range 6—48 months),
p=0.014.

Ten out of 13 patients (76.9%) in the bevacizumab group
had multiple lesions whereas 17 out of 25 patients (68.0%)
treated with LITT had more than one lesion (p=0.714). In
the LITT group, 35.3% of the patients with multiple lesions
had other lesions that showed an increase in size, but only
one patient needed LITT treatment for more than one lesion.
In the bevacizumab group, 40% of patients with multiple
lesions had other lesions besides the index lesion that were
also increasing in size. Median volume of the index lesion
in the bevacizumab group was 3.1 cc (range 0.1-9.1 cc)
compared to the median of 2.2 cc (range 0.3—12.6 cc) in the
LITT group (p=0.761).

In the bevacizumab group, the indications for using beva-
cizumab were symptomatic regrowth or inability to wean
steroids in 11/13 (84.6%). Two patients (15.4%) did not have
symptoms but were started on bevacizumab due to concerns
for lesional progression on imaging. In the LITT group, the
indications for treatment were symptomatic regrowth or
inability to wean steroids in 13/25 (52.0%). Twelve patients
(48.0%) did not have symptoms but underwent LITT due to
lesional progression on imaging and need for diagnosis. One
patient in this group also wished to start anti-PD1 clinical
trial and was thus not a good candidate for steroids. Table 1
lists patient demographics and pre-treatment factors.

In the bevacizumab group, the median dose adminis-
tered was 15 mg/kg (range 7.5-15 mg/kg), with a median
total of 4 cycles (range 1-7 cycles), and a median total dose
of 4150 mg (range 1200-12,900 mg). For patients who
received more than one cycle (11/13), bevacizumab was
administered over a median total of 16 weeks (range 3-54).
For LITT patients, the median post-operative length of stay
was 2 days (range 1-5 days). Median time in the OR was
6.2 h (range 5-10 h).

Survival outcomes

Median time to the last clinical follow-up was 110 weeks
(range 23-370 weeks) in the LITT cohort compared
to 52 weeks (range 6-110 weeks) in the bevacizumab
cohort (p=0.001). Median OS was 24.8 months (range
6.0-89.0 months) for the LITT group which was signifi-
cantly longer than 15.2 months (range 1.6-25.4 months)
for the bevacizumab group (p=0.003). Median PFS was
12.1 months (range 0—-64.6 months) in the LITT patients
compared to 2.0 months (range 0—22.2 months) in the beva-
cizumab patients (p=0.091). See Table 2, Figs. 1, and 2 for
survival outcomes for both groups.
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Table 1 Patient demographics and pre-treatment factors

Bevacizumab LITT p-value
Number of patients 13 25
Sex, female 23.1% 64.0% 0.038
Median age (years, range) 63 (33-72) 62 (35-81) 0.605
Prior surgery 46.2% 36.0% 0.728
Radiation modality 1.000
SRS alone 84.6% 84.0%
WBRT alone 0.0% 0.0%
Both 15.4% 16.0%
Systemic cancer at time of 69.2% 68.0% 1.000
treatment
Primary lesion
Lung cancer 6 (46.2%) 11 (44.0%)
Melanoma 5 (38.5%) 8 (32.0%)
Breast cancer 0 (0.0%) 4 (16.0%)
Ovarian cancer 0 (0.0%) 1 (4.0%)
Renal cell cancer 1(7.7%) 1 (4.0%)
Urothelial cancer 1(7.7%) 0 (0.0%)
Median time from radiation to 6 (3-34) 13 (6-48) 0.014
treatment (months, range)
% with multiple lesions 76.9% 68.0% 0.714
Median pre-treatment KPS 80 (50-100) 90 (60-100) 0.057

(range)

SRS stereotactic radiosurgery, WBRT whole brain radiation therapy,
KPS Karnofsky performance score

Table 2 Clinical outcomes

Bevacizumab LITT p-value

Median time to last clinical 52 (6-110) 110 (23-370) 0.001
follow up (weeks, range)

Overall survival (months) 0.003

Median 15.2 24.8

Range 1.6-25.4 6.0-89.0

Progression-free survival 0.091
(months)

Median 2.0 12.1

Range 0-22.2 0-64.6

Lesional control

The median time to the last radiographic follow-up was
102 weeks (range 13-370 weeks) in the LITT cohort and
48 weeks (range 2-109 weeks) in the bevacizumab cohort
(p=0.002). Time to lesional progression was longer in
the LITT patients: 12.1 months (range 0—64.6 months) for
LITT vs. 2.0 months (range 0-22.2 months) for bevaci-
zumab, however this result did not achieve statistical sig-
nificance (p=0.091). Ultimately, 44.0% of LITT patients
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and 38.5% of bevacizumab patients had lesional control
until death or last radiographic follow up.

Radiographic outcome was assessed using both tra-
ditional volumetric estimation as well as a modified ver-
sion of the RANO-BM criteria. The original criteria were
adapted by excluding an assessment of non-target lesions
and subsequent new lesions which do not apply in the surgi-
cal scenario.

Median volumetric changes at all follow-up time points
were significantly different when comparing LITT lesions to
bevacizumab-treated lesions. Median LITT lesion volumes
initially increased more than 100% at one month follow-up
but fell below starting volumes at 6 months and reached a
65% reduction in median volume at 12 months. In compari-
son, bevacizumab-treated lesions decreased 40% in median
volume by 1 month, reached a maximal decrease of almost
85% at 6 months but then showed a significant re-increase in
median volume to > 100% of starting volume by 12 months
(Table 3 and Fig. 3).

Alternatively, lesional control assessment by RANO-BM
showed that at one month, for both LITT and bevacizumab,
the majority of lesions remained in the stable disease (SD)
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Table 3 Median change in lesional volume after treatment
Time point Bevacizumab LITT p-value
Median absolute Median percentage change rela- Median absolute Median percentage change rela-
volume (cc) tive to baseline volume (cc) tive to baseline
Baseline 3.1 N/A 22 N/A 0.761
(R0.1-9.1) (R 0.3-12.6)
1 months 1.5 - 37.7% 5.4 +>100% <0.001
(R0.1-8.7) (R—-652%to+1.1%) (R 0.5-18.5) R —24.7% to+ >100%)
3 months 0.9 - 18.7% 32 +27.9% 0.040
(R0.0-8.5) (R — 100% to+77.4%) (R0.3-17.7) (R = 62.0% to+ > 100%)
6 months 0.1 —84.5% 1.5 —28.8% 0.016
(R 0.0-2.6) (R — 100% to — 16.8%) (R0.2-9.7) (R —90.2% to+ > 100%)
12 months 8.9 +>100% 0.5 —64.7% 0.010
(R 1.6-16.6) (R — 63.0% to+ > 100%) (R 0.1-10.1) (R —96.0% to+ >100%)
R range
1007 Table 4 Modified RANO-BM for treatment cohorts
Modified RANO-BM
¢ CR (%) PR (%) SD (%) PD (%)
; P e Bevacizumab
“handim 1 month 0.0 0.0 70.0 30.0
3 months 15.4 0.0 462 38.5
6 months 154 0.0 30.8 53.8
w0 Last follow-up 7.7 0.0 154 76.9
100% LITT
Month 1 Month 3 Month 6 Month 12 1 m()l’lth 0-0 4.2 95-8 O-O
. ) ] ) 3 months 0.0 4.0 84.0 12.0
Fig.3 Median percentage change in lesional volume after treatment 6 months 0.0 20.0 76.0 4.0
Last follow-up 8.0 44.0 12.0 36.0

category although 30% of bevacizumab-treated lesions had
already progressed (PD). By 3 months, 15% of the beva-
cizumab-treated lesions had attained complete response
(CR) and 40% had now progressed compared to 12% of
the LITT-treated lesions in the PD category. By 6 months,
15% of the bevacizumab-treated lesions remained at CR
but over 50% of the lesions were now PD whereas in the
LITT-treated group 20% had changed to PR and only 4%
of lesions remained in the PD category. By the last follow-
up only 8% of lesions were CR in both cohorts but 77% of
bevacizumab-treated lesions were PD compared to 36% in
the LITT group (Table 4). No statistically significant differ-
ence in post-treatment modified RANO-BM was found at
any time point between the LITT and bevacizumab cohorts.
There was no statistically significant correlation between the
total dose of bevacizumab received with progression at any
time point (p=0.881 at one month, 0.797 at 3 months, and
0.927 at the last follow-up).

Five patients from the LITT cohort later received beva-
cizumab. Bevacizumab was started at a median of 6 months
post-LITT as a salvage therapy (range 4-18 months).
Lesions were enlarging in 4 patients prior to bevacizumab

CR complete response, PD progressive disease, PR partial response,
SD stable disease

treatment. In one patient, bevacizumab was started despite
stable imaging for inability to taper steroids.

Neurological outcome and steroid cessation

For the LITT group, post-treatment KPS was 100 (range
80-100) at one month, 80 (range 60—100) at 3 months, 80
(range 40—-100) at 6 months, and 80 (range 40-100) at the
last clinical follow-up. For the bevacizumab group, post-
treatment KPS was 80 (range 30-100) at one month, 80
(range 30-100) at 3 months, 80 (range 40—100) at 6 months,
and 60 (range 30-100) at the last clinical follow-up.
Pre-treatment symptoms were documented in 13/25
(52.0%) LITT patients. Symptoms consisted of headache
in 4 patients, weakness in 4 patients, seizures in 3 patients,
speech changes in 3 patients, visual changes in 4 patients,
and imbalance in 3 patients. Eight patients had more than
one symptom. Nine of the 13 symptomatic patients had
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symptom relief after LITT. Headache eventually improved
in all patients (2 at one-month follow-up, and 2 at 6-month
follow-up). At 1-month follow-up, weakness improved in
2 patients (50.0%), seizures in 1 patient (33.3%), speech
changes in 1 patient (33.3%), visual changes in 1 patient
(25.0%), and imbalance in 2 patients (66.7%).

In the bevacizumab cohort, pre-treatment symptoms
were documented in 11/13 patients (84.6%). Symptoms
consisted of headache and pain in 3 patients, nausea in 2
patients, confusion in 2 patients, weakness in 2 patients, sei-
zure in 2 patients, and imbalance in 2 patients. Two patients
had more than one symptom. Four out of 11 symptomatic
patients had symptom relief after starting bevacizumab. At
1 month, headache improved in 2 patients (66.7%), confu-
sion in 1 patient (50.0%), weakness in 1 patient (50.0%), and
imbalance in 1 patient (50.0%). Nausea and seizures did not
improve at any point during follow-up.

53.8% of the patients were on steroids prior to treatment
with bevacizumab, and 56.0% of the patients were on ster-
oids prior to LITT (p=1.000). In the LITT cohort, 37.5% of
the patients were on steroids at 1 month, 34.8% at 3 months,
29.2% at 6 months, and 32.0% at the last follow-up. Of the
14 LITT patients with pre-operative steroids use, 5 were able
to wean off steroids at 1 month, while 5 out of 9 remaining
patients were able to decrease steroid dosage at 1 month. Of
the remaining 3 patients who were unable to taper steroids
at 1 month, one required steroids for chronic adrenal insuf-
ficiency, one for COPD, and one declined our recommen-
dation to taper due to increased weakness with taper. The
latter patient was started on bevacizumab 6 months post-op
and was able to slowly taper steroids off 3 months later. The
patient with COPD was able to taper down to half the base-
line dosage. One LITT patient who was not on steroids pre-
op was started on steroids at 1-month follow-up due fatigue
and lethargy. This patient was able to taper steroids to off
at 3 months and remained off steroids at the last follow-up.
At the last follow-up, 88% patients had stable to decreased
steroid dosage in the LITT group.

In the bevacizumab cohort, 38.5% of the patients were on
steroids at 1 month, 27.3% at 3 months, 25.0% at 6 months,
and 53.8% at the last follow-up. Of the 7 patients with pre-
treatment steroids use, 4 were able to taper off steroids at
1 month. Of the 3 remaining patients, 2 were able to decrease
the dosage, while one had to increase dosage at 1 month due
to headache and nausea. Of the 6 patients who were not on
steroids pre-treatment, 2 were started on steroids at some
point after treatment due to nausea and seizure, and one was
started on steroids for colitis related to immunotherapy. Two
patients who initially were able to be weaned off steroids at
1 month had to restart steroids by the last follow-up due to
fatigue and systemic symptoms. At the last follow-up, 61.6%
patients had stable to decreased steroids dosage in the beva-
cizumab group. See Fig. 4 for steroids usage in both cohorts.
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Three patients experienced complications in the LITT group.
This included one case of confusion and headache, one case
of worsening left sided weakness, and one case of seizure
and bilateral deep vein thrombosis. The last case eventually
also developed cystic regrowth requiring a salvage craniot-
omy. In the bevacizumab group, one patient developed grade
1 bleeding during dental procedure, one patient developed
grade 2 epistaxis requiring discontinuation of bevacizumab,
one patient developed grade 3 hypertension requiring long-
term antihypertensive pharmacotherapy, and one patient
developed grade 1 flushing, myalgia, and epistaxis which
eventually led to discontinuation of bevacizumab after 4
cycles.

0%

Fig.4 Steroids usage

Adverse outcomes

Discussion

Radiation necrosis (RN) is thought to be an inflammatory
response to radiation injury that occurs typically months to
years following radiosurgery and is found clinically in up to
10-15% of brain metastases patients surviving beyond 1 year
[4]. The pathophysiology of RN is unclear, with multiple
hypotheses ranging from glial cell damage to endothelial
cell dysfunction causing local injury [3, 9]. When follow-
up imaging shows persistent regrowth of a previously radi-
ated lesion or when symptoms develop, additional treatment
is often required. Laser interstitial thermal therapy (LITT)
and bevacizumab have both been utilized in this setting. In
patients eligible to have surgery with LITT-amenable lesions
however, it remains unclear how to decide which option to
choose.

LITT is a novel ablative technology that is gaining
acceptance by neurosurgeons. Due to its minimally invasive
surgical access to lesions, its use has also become attractive
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to patients. Initially, LITT was predominantly indicated
for tumors < 30 mm that had exhausted all other treatment
options, or were difficult to access via open craniotomy [10,
11]. These indications have rapidly expanded and many
authors have now described the use of LITT in patients with
metastatic in-field recurrent lesions regardless of their loca-
tions and whether the pathology is consistent with RN or
tumor regrowth [12—-14]. Most recently, the results from the
Laser Ablation After Stereotactic Radiosurgery (LAASR)
study have shown that LITT treatment of RN is associated
with good outcomes in terms of survival and local control
[12] and for lesions less than 3 cm in diameter, the results
of LITT are comparable to craniotomy [15]. LITT therefore
is rapidly becoming a first line surgical treatment for RN.

Bevacizumab is an anti-VEGF antibody that inhibits
angiogenesis and decreases vessel permeability. VEGF
has been shown to be overexpressed in RN lesions and the
degree of expression has been shown to correlate with the
degree of radiation injury [16, 17]. Bevacizumab is the only
agent that has ever been shown in a randomized study to
be efficacious for RN treatment [5]. In contrast to LITT,
however, bevacizumab alone is insufficient for treatment of
re-growing brain metastases. Due to the risk of intracerebral
hemorrhage and out of concern for issues with wound heal-
ing, biopsy is also often not performed immediately prior
to initiation of bevacizumab as a standard surgical practice
[18]. Thus, the diagnosis of RN prior to treatment is often
made radiographically.

To our knowledge, this is the first study to compare these
two treatment options for the management of RN. Overall,
LITT patients had significantly longer overall survival com-
pared to bevacizumab patients. LITT patients also trended
towards longer progression-free survival although the differ-
ence did not reach statistical significance. A likely explana-
tion for this difference is that patients and lesions treated
within the two groups may have been unevenly distributed.
Patients in the bevacizumab cohort had a lower median KPS
of 80 compared to the median KPS of 90 in the LITT group
suggesting they may be sicker systemically making them
less ideal surgical candidates. In addition, 80% of the lesions
treated with bevacizumab were symptomatic compared to
only 50% of those treated with LITT. This might also sug-
gest that treatment might be more successful before these
lesions become symptomatic.

This study also found that not only were the changes
in lesional volumes post-treatment significantly differ-
ent between the LITT and bevacizumab groups, but their
patterns of change were also different. Using 3-dimen-
sional volumetric assessments, LITT resulted in an initial
increase in volume due to expected post-surgical changes,
the lesional volume trended down over subsequent follow-
ups such that there was an overall reduction in volume by
1-year post-treatment. In contrast, bevacizumab resulted in

a post-contrast volume reduction up front, but this response
was not sustained after cessation of treatment. In fact, there
was a trend towards increased lesional volume compared
to pre-treatment baseline at 1 year. These results are in line
with previously published results for both LITT and bevaci-
zumab [19-21]. A likely explanation for the discrepancy in
radiographic responses may be the difference in the mecha-
nisms of action of the two treatments. In the LITT patient,
thermocoagulation causes cell death and therefore likely
inactivation of the inflammatory cells. Bevacizumab, on the
other hand, works by decreasing vessel permeability and
may not in fact have a permanent effect on the inflammatory
process but may have a role in diminishing symptomatology
from mass effect early on in the course of RN management.
Interestingly, based on the modified version of the RANO-
BM criteria, the response of lesions to bevacizumab also
follows a very different pattern than that following LITT.
In the bevacizumab group, treatment can result in complete
lesion resolution in a small percentage of cases but mostly
results in stabilization of the lesion until time of further pro-
gression. On the other hand, LITT falsely appears to result
in early disease progression—a phenomenon that is more
appropriately explained by the expected transient increase
in lesion size after effective LITT treatment. Ultimately, the
majority of lesions will show partial response although very
few show a complete response even in the long term.

In this study, no statistical difference was found between
the two groups as far as the ability to wean off steroids. We
found the ability to wean off steroids in our bevacizumab
group to be lower than what was reported in other studies
[5, 19, 21]. For example, in Boothe et al. cohort, 77.8% of
the patients were able to be weaned off steroids by the first
follow-up following bevacizumab treatment [19]. However,
their population only included one patient with multiple
lesions, compared to 76.9% of patients with multiple lesions
from our cohort. Another study by Levin et al. reported that
4 out of 5 patients who were on steroids pre-treatment were
able to reduce their steroid dose by 12 weeks after starting
bevacizumab, but the information on whether these patients
were able to wean off steroids completely was not available
[5]. The ability to wean off steroids in our LITT cohort was
also lower than that reported by Chaunzwa et al., who found
that 73.3% of the patients were off steroids at 4.5 weeks [13].
This may also reflect the differences in patient selection, as
their population included patients with re-growing tumor
in addition to RN, as well as those who underwent LITT as
early as 1 month after stereotactic radiosurgery [13]. The
decision making involved in use or maintenance of ster-
oids in this population treated with multimodality therapy,
in our experience, is complex, and may be influenced by
many factors unrelated to the intracranial lesion including
the need to wean off steroids to facilitate commencement
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or continuation of immunotherapy or treatment of ongoing
systemic conditions such as anorexia, fatigue, or COPD.

The limitations of this study obviously include the small
sample size, its retrospective nature, and possible hetero-
geneity between the two cohorts. For example, although
pre-treatment KPS were similar between the two groups,
it is possible that patients in the bevacizumab cohort may
have more extensive comorbidities compared to the LITT
patients. Since LITT is a surgical procedure with potential
complications not dissimilar to craniotomy, patients who
were deemed to be poor surgical candidates may not be eli-
gible for this procedure. Bevacizumab, on the other hand,
is an IV infusion typically given in an outpatient setting. It
can therefore be administered to a wide range of patients,
including those with poor functional status who may not
be good candidates for surgery. Additionally, we found that
median time between radiation and initiation of RN treat-
ment was significantly different between the two groups.
While this difference may be attributable to the small size
of the cohorts, it is possible that it may reflect also differ-
ing diagnoses. All LITT patients underwent a biopsy and
had tissue proven RN. Most of the bevacizumab patients
however did not have tissue diagnosis, as discussed previ-
ously, and the diagnosis instead was dependent upon imag-
ing only. With multiple lesions progressing simultaneously,
it is possible that some of them in fact represented tumor
relapse. For both RN and tumor regrowth, bevacizumab may
have resulted in an initial improvement in radiographic find-
ings since it can cause dramatic changes in the degree of
edema and lesional enhancement regardless of its etiology.
With tumor progression, edema and enhancement would be
expected to increase again over time.

Based on our findings, we would recommend considering
LITT over bevacizumab for a patient suspected of having
RN if the patient is a reasonable surgical candidate. Because
the patterns of referrals vary widely, however, it has been
difficult to standardize patient selection for each treatment
in this setting. A larger study, preferably prospective and
randomized, is needed to verify these findings.

Conclusion

In this study, LITT treatment of radiation necrosis lesions
resulted in a long-term reduction of lesional volume and
a longer overall survival. There also appears to be a trend
towards a sustained reduction in steroids and a longer time to
progression in the LITT group although this failed to achieve
statistical significance in this small sample size. Comparison
of the two cohorts however showed significant heterogene-
ity. Time from radiation to RN treatment was significantly
shorter in the bevacizumab cohort and RN diagnosis was
made radiographically in the bevacizumab group versus by

@ Springer

tissue biopsy in the LITT group. Given the significant dif-
ferences between the cohorts, these findings need to be con-
firmed in a larger and perhaps randomized study.
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