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Abstract

Background The current standard of care for patients with a large brain metastasis and limited intracranial disease burden
is surgical resection and post-operative single fraction stereotactic radiosurgery (SRS). However, post-operative SRS can
still lead to substantial rates of local failure (LF), radiation necrosis (RN), and meningeal disease (MD). Pre-operative SRS
may reduce the risk of RN and MD, while fractionated treatments may improve local control by allowing delivery of higher
biological effective dose. We hypothesize that pre-operative fractionated stereotactic radiation therapy (FSRT) can minimize
rates of LF, RN, and MD.

Methods A retrospective, multi-institutional analysis was conducted and included patients who had pre-operative FSRT
for a large or symptomatic brain metastasis. Pertinent demographic, clinical, radiation, surgical, and follow up data were
collected for each patient. A primary measurement was the rate of a composite endpoint of (1) LF, (2) MD, and/or (3) Grade
2 or higher (symptomatic) RN.

Results 53 patients with 55 lesions were eligible for analysis. FSRT was prescribed to a dose of 24-25 Gy in 3-5 fractions.
There were 0 LFs, 3 Grade 2-3 RN events, and 1 MD occurrence, which corresponded to an 8% per-patient composite
endpoint event rate.

Conclusions In this study, the composite endpoint of 8% for pre-operative FSRT was improved compared to previously
reported rates with post-operative SRS of 49-60% (N107C, Mahajan etal. JCOG0504) and pre-operative SRS endpoints of
20.6% (PROPS-BM). Pre-operative FSRT appears to be safe, effective, and may decrease the incidence of adverse outcomes.
Prospective validation is needed.
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Introduction

Brain metastases are a frequent cause of morbidity and mor-
tality for cancer patients. Historically, whole brain radiation
therapy (WBRT) plus surgery was a standard of care treat-
ment to improve overall survival (OS) and local control for
patients with brain metastases [1]. One early study showed
that compared to surgery alone, adjuvant WBRT reduced
the risk of intracranial recurrence and neurological death,
albeit without an improvement in OS [2]. However, multi-
ple randomized studies have shown the poor neurological
and cognitive effects of WBRT in this patient population [3,
4]. Prospective trials have demonstrated that post-operative
stereotactic radiosurgery (SRS) is an acceptable alternative
to WBRT that decreases the risk of cognitive dysfunction
without negatively affecting overall survival (OS) [5, 6].
However, post-operative SRS is complicated by patterns
of potential local failure (LF), radiation necrosis (RN), and
meningeal disease (MD).

Pre-operative radiation therapy is theorized to improve
outcomes compared to post-operative SRS for a variety of
reasons. Radiating brain metastases prior to surgery exposes
less brain tissue to high doses of radiation and may minimize
the risk of RN. In addition, pre-operative SRS reduces the
risk of tumor spillage and subsequent MD which is often
seen when radiation was delivered after surgery. Also, up
to 30% of patients do not receive their prescribed course of
post-operative radiation therapy [6]. However, although the
PROPS-BM cohort of patients treated with pre-operative
SRS showed a minimized risk of RN and LMD, the one year
incidence of LF rate was still 15% [7]. Fractionation may
facilitate safer delivery of higher biological effective dose
(BED) treatments which could improve the disappointing
local control rates seen in N107C, Mahajan et al. and the
PROPS-BM cohort [5, 7, 8]. However, outcomes for pre-
operative fractionated stereotactic radiation therapy (FSRT)
have not been previously reported. We hypothesize that pre-
operative FSRT can maintain the improved rates of RN and
MD seen in the PROPS-BM study while also minimizing
the incidence of LF.

Methods

This retrospective study was approved by our institutional
review board. Because this study was retrospective, IRB-
approved, and did not involve an additional intervention,
patient consent was not obtained. Data was pooled from two
institutions for analysis. At both institutions, patients are
eligible for pre-operative fractionated stereotactic radiation
therapy (FSRT) if they have a new dominant brain metastasis
and limited intracranial disease. Our centers now use this
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as the standard pre-operative option for all patients who do
not have significant symptoms or are not responding to ster-
oids. At both institutions, pre-operative FSRT was scheduled
1-2 weeks after radiation oncology and neurosurgery evalu-
ation for a diagnosis of new or progressive brain metastases,
with surgery being performed on the same day or soon after
the last radiation treatment.

A systematic query was used to identify patients who had
surgical resection with a pre- or post-operative treatment for
a brain metastasis. Patients with single fraction radiosurgery
or post-operative treatment were excluded. Pertinent demo-
graphic, clinical, radiation, surgical, and follow up data were
collected for each patient.

Patients were defined as having uncontrolled extracranial
disease if they had progressive extracranial disease or were
treatment naive at the time of their brain metastasis diag-
nosis. A patient was defined as having absent extracranial
metastases if there was no extracranial disease outside of the
primary tumor and regional lymph nodes at the time of their
brain metastasis diagnosis. Karnofsky performance status
(KPS) was documented at the time of radiation oncology
consultation. Patients with more than one lesion removed at
the time of surgery were still eligible for analysis. Radione-
crosis (RN) was defined as any radiographic post-treatment
change felt by a multidisciplinary team (radiation oncology,
neurosurgery, neuro-oncology, neuro-radiology) to be con-
sistent with treatment effect rather than disease progression.
RN was graded according to the NCI Common Terminol-
ogy Criteria for Adverse Events (CTCAE) v5.0 (Grade 1:
asymptomatic; Grade 2: moderate symptoms, corticosteroids
indicated; Grade 3: severe symptoms, medical intervention
indicated; Grade 4: life-threatening; urgent intervention;
and Grade 5: death). A per-patient composite endpoint was
measured; this composite endpoint was defined as patients
with either: (1) LF, (2) MD, or (3) Grade 2 or higher (symp-
tomatic) RN. This endpoint is a modified version of the
composite endpoint published by PROPS-BM [7]. This end-
point was collected because of the low event rate of each
individual adverse outcome. A patient was positive for this
composite endpoint if they met any of these three criteria.

The treatment planning for this patient population was
uniform. Radiation therapy was planned and delivered uni-
formly using intensity modulated radiation therapy (IMRT)
based planning and delivered with daily image guidance
using cone beam CT. T1 post contrast MRI imaging was
used in all patients and was fused to each radiation planning
CT scan. Gross tumor volume (GTV) was defined as the
contrast enhanced tumor and adjacent abutting meninges. A
clinical treatment volume (CTV) of 2 mm was used and an
optional 1 mm planning treatment volume (PTV) was used
for all lesions. Patients were followed every 2—3 months for
the first year, 3—4 months for the second year, and every
6 months after 2 years.
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Statistics Table 1 Patient characteristics
Characteristic N=53*

Descriptive statistics summarized baseline demographic,
clinical, and treatment variables. The median and interquar- Sex
tile range (IQR) were used for continuous variables and the Male 29 (55%)
frequency and percent for categorical variables. Differences Female 24 (45%)
between groups were summarized using Wilcoxon’s rank Age 6254, 72)
sum test or Fisher’s exact test. Overall survival was defined ~ Frimary tumor
as the date of onset of treatment to the date of death and Lung 27 (51%)
censored at the date of last follow up for those still alive. Breast 6 (11%)
The Kaplan—Meier estimate of survival and it’s 95% confi- Gastrointestinal 3 65.7%)
dence interval (CI) are presented. The cumulative incidence Melanoma 4(7.5%)
of the composite endpoint was estimated treating death as Genitourinary 9 (17%)
a competing risk. Univariable Cox regression models were Head and neck 1(1.9%)
constructed to estimate the hazard ratios (HR) for baseline Sarcoma 2(3.8%)
variables. Complete case analysis was used for all summa- Other 1(1.9%)
ries and reported p-values and CIs are unadjusted for mul- ~ Extracranial disease control
tiplicity. Statistical analyses were performed with R version Controlled 23 (43%)
4.1.2 using the survival (version 3.2-13) and cmprsk (version Uncontrolled 30 (57%)
2.2-11) packages. Extracranial metastases present

Absent 29 (55%)

Present 24 (45%)
Results KPS

90-100 6 (11.3%)
Between the dates of 1/1/2016 and 12/31/2020, 273 patients 500 31(58.5%)
were identified with surgical resection for brain metastases, <70 16 (30.2%)
and 53 patients with 55 brain metastases of these met our SIMT
criteria for pre-operative treatment and were included in the No 28 (53%)
final analysis. For both patients with two resected lesions, Yes 25 (47%)
each patient had both lesions resected during the same sur- Number of fractions
gery. The median follow-up time through last follow-up or 3 49 (92.5%)
time of death was 9 months (IQR: 4, 16). During the follow > 4(7.5%)
up period, 18 deaths (34%) were observed. 55% of patients GTV volume
were male (Table 1). The majority of patients (51%) had 12.ces (7,19)°

PTV volume

metastatic lung cancer, with genitourinary (17%) and breast
(11%) forming a smaller proportion of patients. Fewer than
half of patients (43%) had extracranial disease control at
the time of their pre-operative radiation treatment, and 55%
of patients had extracranial metastases present during treat-
ment. 69.8% of patients had a KPS of >70. The median
number of treated brain metastases was 2 (IQR 1,3; range
1-11).

Two patients (3.8%) had multiple lesions resected
(Table 1). Nearly all patients (98.1%) had a gross total
resection. In this study, the two most common locations of
resected lesions were the frontal lobe (36%) and cerebel-
lum (23%). All patients in this study were treated with a
linear accelerator. Almost half (47%) of patients had single
isocenter multi-target (SIMT) radiosurgery, and 15% had
five or more lesions treated during the radiation treatment
course. The median GTV volume was 12 ccs (IQR: 7, 19),
and the median PTV volume was 19 ccs (IQR: 12, 28). The

Prescription dose
24 Gy
25 Gy
Previously received brain RT
No
Yes
Number of lesions resected
1
2
Location of resected lesion
Frontal
Temporal
Occipital
Cerebellar
Parietal
Multiple regions

19 ces (12, 28)°

49 (92.5%)
4 (7.5%)

51(96.2%)
2 (3.8%)

51(96.2%)
2 (3.8%)

19 (36%)
3(5.7%)
11 (21%)
12 (23%)
6 (11%)
2 (3.8%)
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Table 1 (continued)

Table 2 Patient outcomes

Characteristic N=53* Outcome N=53*
Extent of resection Local progression
Gross total resection 52 (98.1%) No 53 (100%)
Near resection 1(1.9%) Yes 0 (0%)
Subtotal resection 0 Radiation necrosis
. . . N 47 (88
KPS Karnofsky Performance Status, SIMT single isocenter multiple © (88%)
target, GTV gross tumor volume, PTV planning treatment volume, RT Yes 6 (12%)
radiation therapy, Gy Gray Radiation necrosis grade
“n (%) 1 3
"Interquartile range 2 1 (33%)
3 2 (67%)
4 0
1.00 5 0
Leptomeningeal disease
20754 No 52 (98%)
9
© Yes 1 (2%
S 050 N (2%)
& Type of leptomeningeal disease
8 0.254 Classical 0 (0%)
Nodular 1 (100%)
B I — — Composite endpoint
0 3 6 9 12 15 18 21 24 27 30
Months No 49 (92%)
Yes 4 (8%)
© Number at risk
S AI{53 46 87 26 21 15 11 6 3 3 3 'n (%)
@ 0 3 6 9 12 15 18 21 24 27 30
Months
. . . . . Composite endpoint === Death
Fig. 1 Kaplan—Meier estimate of overall survival for 53 patients who
were treated with fractionated pre-operative treatment. The shaded 8 100
region shows the 95% confidence interval. OS overall survival S
2075
£
median radiation dose was 24 Gy (range of 24-25 Gy). All 2 950
patients either received 24 Gy in 3 fractions or 25 Gy in 5 So25 /—’_‘_'—
fractions. 92% of patients were prescribed three fractions § 0.00

with the remainder receiving five fraction treatment. The
median time from last radiation fraction to surgery was
2 days (IQR: 1, 4.5). Only 3 patients had their surgery more
than 1 week after the last radiation treatment. The 12 month
survival probability was 70% (95% CI 0.58, 0.84) (Fig. 1).
Patients with extracranial metastases present at time of their
radiation course had a worse overall survival (HR: 3.65;95%
CI1.28,10.4, p=0.01).

Three patients (6%) experienced serious post-surgical
complications. One patient had an acute right subdural
hemorrhage after surgery and was brought back to the oper-
ating room for evacuation. A second patient experienced
a Methicillin-resistant Staphylococcus Aureus (MRSA)
infection post-operatively. Another patient had a clot in the
resection cavity 5 days after surgery and developed hydro-
cephalus. The patient was then taken to the operating room
for clot removal.

@ Springer

0 3 6 9 12 15 18 21 24 27 30
Months

Number at risk
Al{ 53 36 29 20 15 9 7 3 3 3 2
0 3 6 9 12 15 18 21 24 27 30
Months

Strata

Fig.2 Cumulative incidence curves for the composite endpoint treat-
ing death as a competing event. The shaded regions show the 95%
confidence intervals

None of the eligible patients experienced local pro-
gression (Table 2). 12% of patients experienced radiation
necrosis of any grade. Of those, 1 patient experienced
Grade 2 radiation necrosis for which steroids were started.
Two patients experienced Grade 3 radiation necrosis, with
1 patient started on bevacizumab, and the other having
surgical resection of the necrotic area. Only 1 patient
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experienced leptomeningeal disease, which was catego-
rized as nodular MD. Overall, 8% of eligible patients were
positive for the composite endpoint. The cumulative inci-
dence for experiencing the composite endpoint with death
as a competing event is illustrated in Fig. 2. At 12 months,
the cumulative probability of the composite endpoint was
7% (95% CI10.02, 0.18).

Discussion

This study represents the largest report of outcomes for
patients treated with pre-operative FSRT for brain metas-
tases. These data support that pre-operative fractionated
treatment is safe and effective. There were no incidences
of LF in this cohort. This treatment was well tolerated,
with only 3 patients (6%) experiencing symptomatic RN
and 1 patient (2%) experiencing MD. Although post-oper-
ative SRS or FSRT is the current standard-of-care, these
data suggest that pre-operative FSRT should be evaluated
prospectively.

Radiation therapy is indicated after resection of brain
metastases to decrease the risk of local recurrence [1, 2,
8]. Prospective trials have demonstrated that SRS is an
acceptable alternative to WBRT, and that focal radiation
decreases the risk of cognitive dysfunction without nega-
tively affecting OS [5, 6]. Because postoperative SRS was
comprehensively studied in a prospective setting [5, 6, 8],
it is considered to be standard of care [9]. However, rates
of radiation necrosis, leptomeningeal disease, and 1-year
local failure rates of 0-3%, 7-28%, and approximately
25-50% respectively with postoperative SRS in modern,
phase III trials are not optimal [5, 6, 8]. A smaller, phase II
study of postoperative SRS had a lower 1-year LF of 15%
but noted a much higher rate of pathologically-proven RN
at 18% [10] that more accurately reflects the elevated rates
of RN after postoperative SRS seen in large retrospective
studies including meta-analyses [11]. Elevated LF rates
are believed to be a consequence of the dose de-escalation
required to safely administer single fraction SRS to large
postoperative cavities without creating an unacceptably
high risk of RN [11]. Consequently, interest in FSRT is
increasing, as the radiobiologic advantage of smaller frac-
tions may allow safe delivery of a higher biological effec-
tive dose (BED) and result in improved LC [11]. A recent
meta-analysis found a trend towards improved 1-year LC
(86.8% vs 68.0%, p=0.08) with postoperative FSRT ver-
sus SRS without an increase in RN (7% vs 10%, p=0.46)
[11], and a multi-institution, randomized, phase III trial
is accruing patients to definitively evaluate this potential
benefit (NCT04114981).

Recently, preoperative SRS has been proposed as an
alternative to postoperative SRS. Preoperative SRS may

decrease the risk of RN by minimizing irradiation of nor-
mal brain tissues through the use of smaller target vol-
umes [7, 12]. Postoperative cavities are typically larger
than intact lesions, and pre-operative therapy eliminates
the need to cover surgically manipulated tissues [7, 12].
Additionally, preoperative SRS may decrease the risk
of MD by reducing the risk of surgical spillage through
preoperative surgical field sterilization [7, 12]. However,
prospective data evaluating the safety and efficacy of pre-
operative SRS is limited. An unpublished, prospective,
phase I, dose escalation trial of preoperative SRS in 27
patients presented at the American Society of Radia-
tion Oncology (ASTRO) 2019 annual meeting reported
a 28% rate of 1-year LF [13], which was comparable to
LC with postoperative SRS. The 1-year rate of MD was
just 4%, and RN rates were not reported. An unpublished,
24-patient, single arm, phase II trial presented at ASTRO
2021 reported a 1-year LF rate of just 10% with preop-
erative SRS [14]. RN and MD rates were not presented.
A large, retrospective, multi-center cohort noted 6% and
15% rates of 1-year MD, and LF, respectively [7]. Rates of
RN were not provided. Smaller studies, some with mixed
prospective and retrospective cohorts, have reported symp-
tomatic RN, MD, and 1 year LF rates of 0-5%, 0-17%,
and 14-50% with pre-operative SRS [15-18]. A multi-
institution, retrospective analysis compared outcomes for
preoperative versus postoperative SRS and found signifi-
cantly decreased rates of 2-year symptomatic RN (5% vs
16%, p=0.02) and MD (3% vs 17%, p=0.01) with no
difference in 2-year LF (23% vs 16%, p=0.33) [12]. These
findings suggest that preoperative SRS may offer improved
rates of RN and MD without compromising cancer control.
To our knowledge, prospective or retrospective outcomes
with preoperative FSRT have not been previously reported.

Pre-operative FSRT can safely deliver a higher BED
to improve local control while also minimizing treat-
ment volume and reducing tumor spillage to decrease the
risk of RN or MD. Mahajan etal. in their study examin-
ing post-operative SRS versus observation, showed a 0%
rate of RN, a 24% rate of LF, and a 28% rate of MD,
showing a composite endpoint of over 50% in the SRS
arm [8]. In N107C, the seminal study establishing post-
operative SRS as a standard treatment, there was a 4%
rate of Grade 2 or higher RN, a 38% rate of LF, and a
7% rate of MD in the SRS arm, leading to a composite
endpoint of up to 49% in the SRS arm [5]. In JCOG0504,
another study evaluating post-operative SRS, there was
a 3% rate of RN, a 51% incidence of local failure, and a
7% rate of MD, leading to a composite endpoint of 61%
in the SRS arm, although it was noted that over 30% of
patients enrolled to the SRS arm did not complete radia-
tion treatment [6]. In the PROPS-BM cohort examining
single fraction pre-operative SRS, they published a similar
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composite endpoint to this current study which had an
incidence rate of 20.6% at one year and 24.8% at two years
[7]. Of note, the PROPS-BM had a lower proportion of
gross total resections (93.7% vs. 98.1%) and a higher pro-
portion of melanoma patients (12.8% vs. 7.5%) compared
to our study, both which were associated with LR in their
analyses. In our study, the composite endpoint of 8% for
pre-operative FSRT was improved compared to post-oper-
ative SRS endpoints of 49-60% and pre-operative SRS
endpoints of 20.6% in two studies.

To our knowledge, this is the largest study evaluating the
efficacy of pre-operative FSRT. In this multi-institutional
study, pre-operative FSRT treatment is safe and effective
when compared to previously published prospective and
retrospective data. Pre-operative treatment is more likely
to be completed, especially with JCOG0504 showing that
over 30% of patients do not complete post-operative radia-
tion treatment. Our composite endpoint has been previously
published in other studies involving pre- and post-operative
SRS. One weakness of this study is a relatively small sam-
ple size of 53 patients. In addition, radiation necrosis can
be challenging to diagnose in both prospective and retro-
spective studies. Another limitation of this study was that
information about quality of life or neurocognition was not
collected. Pre-operative radiation approach for a large or
symptomatic brain metastasis may not be suited for patients
with an uncertain diagnosis or for emergent situations. This
study is also limited by the inherent selection biases of ret-
rospective analyses. A large, randomized controlled trial is
needed to validate these results.

Conclusion

This study presents the largest report of outcomes for
patients treated with pre-operative FSRT for brain metas-
tases. Safety and efficacy data compare favorably to his-
torical outcomes with pre- and post-operative SRS. Thus,
pre-operative FSRT may be an excellent option for appro-
priately selected patients with resectable brain metastases.
Prospective validation of pre-operative FSRT is warranted.
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