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Abstract

BACKGROUND: Brain metastases are a common occurrence, with literature supporting the
treatment of a limited number of brain metastases with stereotactic radiosurgery (SRS), as opposed
to whole brain radiotherapy (WBRT). Less well understood is the role of SRS in patients with >10
brain metastases.

METHODS: Patients treated with SRS to >10 brain metastases without concurrent WBRT
between March 1999 and December 2016 were reviewed. Analysis was performed for overall
survival, treated lesion freedom from progression (FFP), freedom from new metastases (FFNMs),
and adverse radiation effect. Hippocampal volumes were retrospectively generated in patients
treated with up-front SRS for evaluation of dose volume metrics.

RESULTS: A total of 143 patients were identified with 75 patients having up-front SRS and 68
patients being treated as salvage therapy after prior WBRT. The median number of lesions per
patient was 13 (interquartile range [IQR], 11-17). Median total volume of treatment was 4.1 cm3
(IQR, 2.0-9.9 cm?3). The median 12-month FFP for up-front and salvage treatment was 96.8%
(95% confidence interval [CI], 95.5-98.1) and 83.6% (95% ClI, 79.9-87.5), respectively (P<
0.001). Twelve-month FFNMs for up-front and salvage SRS was 18.8% (95% CI, 10.9-32.3)
versus 19.2% (95% Cl, 9.7-37.8), respectively (P= 0.90). The mean hippocampal dose was 150
cGy (IQR, 100-202 cGy).

CONCLUSIONS: Excellent rates of local control can be achieved when treating patients with
>10 intracranial metastases either in the up-front or salvage setting. Hippocampal sparing is
readily achievable with expected high rates of new metastatic lesions in treated patients.
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INTRODUCTION

The incidence of brain metastases in patients diagnosed with a malignancy approaches 20%—
40%.173 Over time, this rate is likely to increase with ongoing improvements in medical
imaging and systemic therapies. The typical approach for treatment of brain metastases has
been either surgical resection or radiation therapy, with specific indications and rationale
helping to determine which treatment modality is preferred.>

The paradigm for radiation therapy of brain metastasis ranges from focal approaches, such
as stereotactic radiosurgery (SRS), to comprehensive treatments that aim to address both
macroscopic and microscopic disease, such as whole brain radiation therapy (WBRT).4.6-8
The choice of these techniques is as much about technical feasibility as it is a trade-off
between disease control and toxicity,®11 with growing evidence supporting SRS alone for a
limited number of metastases. In contrast, WBRT is often reserved for greater disease
burden, including cases of leptomeningeal disease.”® Improved overall survival (OS) is seen
for patients treated with SRS to a single lesion compared with multiple lesions,12 with
additional prospective trials demonstrating similar outcomes in patients with 2—4 lesions
compared with 5-10 lesions when treated with SRS.13:14 Less data exist for the treatment of
>10 lesions; however, many reports demonstrate that select patients with numerous brain
metastases may have similar outcomes as those with a smaller number of metastases.1>-17

One goal of focal radiation treatments of brain metastasis is preservation of neurocognition
by sparing of radiation-induced damage to eloquent domains, including the hippocampus.18
However, a concern of using focal approaches for treatment of a large number of brain
metastases is the increasing likelihood of additional occult lesions that may be undertreated
in the absence of comprehensive brain radiotherapy.1® Moreover, a number of recent trials
have reported the results of emerging targeted and immunotherapies for the treatment of
brain metastases with encouraging favorable early responses.29-23 It is increasingly
important to understand the specific indications, risks, and benefits of each treatment
modality, and how they can be used most effectively. Further understanding is needed on the
results of SRS in patients with >10 brain metastases, including rates of distant brain failure
and the impact on hippocampal dosimetry, as the treatment paradigm for brain metastases
broadens.

METHODS

Patients

In an institutional review board—approved retrospective study, institutional databases were
reviewed for patients meeting eligibility criteria. Patients included in this analysis were those
who underwent SRS to >10 metastatic brain lesions without concurrent WBRT at the
University of California San Francisco between March 1999 and December 2016. At the

World Neurosurg. Author manuscript; available in PMC 2021 May 26.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Susko et al.

Page 3

time of treatment, a multidisciplinary team including radiation oncologists, neurosurgeons,
and radiologists reviewed each case prior to treatment to assess eligibility for SRS. This
assessment included factors such as performance status, number of lesions, systemic disease
status, proximity to critical structures, and previous treatments. Patients were not excluded if
a lesion was present in or near the hippocampus. Patient were excluded from analysis if the
planned SRS was ultimately aborted in favor of WBRT, if the SRS was performed
postoperatively, or if the treatment was not delivered in a single session.

Characteristics of the patients, including age at the time of treatment, sex, tumor histology,
number of lesions, prior radiation treatments, and performance status, were collected. These
data were subsequently used for analysis of treatment-related outcomes of OS, treated lesion
freedom from progression (FFP), freedom from new metastases (FFNMs), and freedom
from adverse radiation effect (ARE).

Treatment and Follow-Up

Single-session fixed-frame SRS was performed with frame (Gamma Knife Perfexion
[Elekta, Stockholm, Sweden]) placement on the day of treatment by a neurosurgeon.
Gadolinium contrast-enhanced magnetic resonance imaging (MRI) scan was performed after
frame placement with acquisition of 3-dimensional spoiled gradient recalled images for
delineation of metastatic lesions and treatment planning. Targets were contoured using
Gamma Plan software (Elekta) by the treating physician with planning performed by a
departmental physicist. Treatment-specific data were collected including number of lesions
treated, target volume, and development of ARE.

Routine follow-up contrast-enhanced MRI scan was recommended to be performed at 3- to
4-month intervals until with-drawal from treatment or death. Follow-up imaging was
reviewed by a multidisciplinary radiosurgery tumor board consisting of radiation
oncologists, radiologists, and neurosurgeons to evaluate for ARE, local or distance brain
failure, and need for additional treatment. The date of last follow-up or death, date of last
imaging, recurrence at a treated lesion, distant brain failure, ARE, and need for salvage
therapy were recorded for analysis. Hippocampal contours were retrospectively generated
for analysis of dosimetric parameters in patients receiving up-front SRS.

To analyze, retrospective hippocampal dose contours were generated on planning 3-
dimensional spoiled gradient recalled MRI scan using MIM (MIM Software, Cleveland,
Ohio, USA) contouring software to allow for the fusion of multiple MRI sequences. The left
and right hippocampal contours were created separately and then averaged to calculate the
mean hippocampal dose for each patient. Evaluation of the hippocampal dose was
performed using a dose matrix encompassing the entire skull to ensure accurate dose
quantification for the hippocampus. Each contour was reviewed by a board-certified
radiation oncologist prior to its use in analysis.

Statistical Analysis

Analysis was performed using RStudio (RStudio, Boston, Massachusetts, USA) with the
Kaplan-Meier method used for calculation of FFP, FFNMs, OS, and freedom from ARE.
This was performed on a per lesion and per patient basis where appropriate, with censoring
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at the date of progression, last follow-up, or death. Multivariate analysis was performed for
assessment of prognostic factors with Cox proportional hazard ratio (HR) being used with a
Pvalue of 0.05 for significance. Comparisons of categorical variables were done with the XZ
or Fisher exact test.

RESULTS

From 1999 to 2016, 143 patients were treated to = 10 metastases with fixed-frame Gamma
Knife without planned WBRT. Within this cohort, 75 of the patients received SRS without
WBRT as up-front treatment for brain metastases, with 68 being treated as salvage therapy
after prior WBRT. The overall median age was 57 years, with a significant difference in age
(P=0.011) between patients receiving salvage SRS at 54 years (interquartile range [IQR],
44-61 years) and those receiving up-front SRS at 59 years (IQR, 50-68 years). Median
Karnofsky Performance Status Scale (KPS) score in this cohort of patients was 80 (IQR, 70—
90) and was not different between the 2 groups. Primary site histology was breast in 52
patients (36.4%), non-small cell lung cancer in 49 patients (34.3%), melanoma in 30
patients (21.0%), and other malignancy in 12 patients (8.3%). A total of 2196 lesions were
treated, with a median of 13 lesions (IQR, 11-17) per patient. Median total treatment
volume was 4.1 cm?3 (IQR, 2.0-9.9 cm3) per patient. The median clinical follow-up time for
the entire cohort was 7.4 months (IQR, 2.7-15.9 months), and the median imaging follow-up
time was 5.8 months (IQR, 1.2-12.9 months) in those that had evaluable posttreatment MRI
scan. Additional patient and treatment characteristics can be found in Table 1.

Within this cohort, 112 patients had follow-up MRI scan available for review. Analysis of
FFP was performed both on a per lesion basis and a per patient basis. The 12-month per
lesion FFPs for up-front SRS versus salvage were 96.8% (95% confidence interval [CI],
95.5-98.1) and 83.6% (95% CI, 79.9-87.5), respectively (P< 0.001), and are demonstrated
in Figure 1. On a per patient basis, 12-month FFP for up-front SRS versus salvage was
74.3% (95% Cl, 63.0-87.6) compared with 57.1% (95% Cl, 40.1-81.4) shown in Figure 2
(P=0.72). Multivariate analysis (MVA) is shown in Table 2 and demonstrates that salvage
SRS was not significantly associated with worse FFP, whereas melanoma histology had
significantly worse FFP when compared with breast, lung, or other histology (HR, 4.35; P=
0.003).

The 12-month FFNM for up-front SRS compared with salvage was 18.8% (95% Cl, 10.9—
32.3) versus 19.2% (95% CI, 9.7-37.8), respectively (£ = 0.90), shown in Figure 3. The
median time to FFNMs was 4.0 months for up-front treatment and 4.7 months for salvage
treatment. On MVA, there were no significant factors, including, number of metastases, age,
prior treatment, or histology, that were associated with improved FFNMs. Salvage therapies
were not specifically analyzed, but included additional SRS, partial brain radiotherapy, or
WBRT depending on the clinical scenario.

Over the period of review, a total of 137 patients had died and 6 patients remained alive. The
median OS for up-front SRS and salvage treatment was 11.7 and 7.4 months, respectively (P
< 0.001), with results demonstrated in Figure 4. Analysis of the OS from time of initial
diagnosis of brain metastases revealed no significant difference (P=0.34) in OS between
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up-front or salvage SRS and is demonstrated in Supplementary Figure 1. On MVA, there
was worse OS associated with salvage SRS after prior WBRT (HR, 1.61; £=0.019) and
with total treated volume (HR, 1.03; #=0.031), and lower KPS score (HR, 0.98; = 0.017)
demonstrated significantly worse outcomes.

ARE was noted on follow-up imaging for 16 patients (11%), and was symptomatic in 3
patients (2%). In total, symptomatic ARE was seen in <1% of the total treated 2196 lesions.
The 12-month ARE rate for up-front SRS and salvage patients was 10.6% (95% CI, 1.1-
19.3) and 36.0 (95% CI, 11.2-53.9) on a per patient basis (P=0.11) and can be seen in
Figure 5. On MVA analysis, rates of ARE were significantly associated with salvage SRS
after WBRT (HR, 1.62; A= 0.005) and melanoma histology (HR, 2.13; £=0.002).

Retrospective contours were created of the brain and hippocampus for 62 of the 75 patients
who received up-front SRS. Mean hippocampal dose demonstrated a median value of 161
cGy (IQR, 94-258 cGy). This cohort of patients was treated to a median of 12 lesions each
(IQR, 11-17), with a median dose of 1900 cGy per lesion. In a subset of patients (n = 36),
the mean brain dose was calculated and found to be 150 cGy (IQR, 100-202 cGy).

DISCUSSION

The use of SRS for the treatment of brain metastases has evolved over time, from its
beginnings as an adjunct to WBRT to playing a primary role as the treatment of choice in
many patients. Prospectively, it has been demonstrated that WBRT plus SRS, when
compared with SRS alone, in patients with 1-4 brain metastases does not improve OS, and
can be successfully salvaged.’24 Further trials have investigated the feasibility of treating up
to 10 metastatic lesions in a single session,14 but little data exist regarding the treatment of
>10 brain metastases with SRS alone.

An early retrospective analysis of 26 patients for the treatment of = 10 brain metastases
demonstrated a median OS of 7.8 months, and patients with a KPS score >80 or controlled
primary disease had significantly better survival.1> Additional data demonstrate lower OS of
4-6 months; however, most series represent a heterogeneous cohort of patients with some
including only 11.5% of patients being treated up-front with SRS.16:17 Within our series of
143 patients, those receiving WBRT and SRS boost were excluded to thoroughly examine
the role of SRS in patient with >10 brain metastases, making it one of the largest series
reported.

With the reasonable number of patients receiving SRS alone for their central nervous system
metastatic disease, further analysis could be done regarding prognosis and disease control.
Up-front SRS in our series demonstrated a 12-month FFNMs rate of 18.8%. This is lower
than prior prospective series which demonstrated rates of 30%—-35%. However, prior
prospective series did not include patients with > 10 metastases.” In analyses comparing
FFNMs with increasing number of metastases treated, patients with between 3 and 10
metastases treated had statistically insignificant differences in FFNMs.2° Likely, the low
FFNMs in our series demonstrate an increasing continuum of risk in patients with a greater
baseline intracranial metastatic burden. This in itself should not be seen as a rationale to
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avoid up-front SRS in patients with > 10 brain metastases, especially with the understanding
that neither WBRT or SRS provide a significant survival advantage from the time of initial
diagnosis of brain metastases.

An ongoing challenge in treatment of numerous intracranial metastases is the association of
WBRT with changes in cognition over time.10 Unique to this series is the quantification of
the dosimetric effect of SRS on the hippocampus when treating >10 metastases. The use of
linear accelerator-based planning for hippocampal sparing can decrease the median
hippocampal dose to between 550 and 780 cGy, or the equivalent of 49-73 cGy per 200 cGy
fractions received.2% We reveal that SRS would deliver a mean dose of 150 cGy in a single
session of treatment, much lower than can be achieved using linear accelerator-based
hippocampal sparing during WBRT. Although only the preliminary results of NRG-CCO01, a
phase Il study evaluating the neurocognitive outcomes after hippocampal avoidance, have
been published, they do note a significant benefit in neurocognitive outcomes with
hippocampal avoidance.1127 Qur cohort demonstrates that the treatment of > 10 metastases
with SRS provides expectedly low hippocampal doses, and it is reasonable to expect this
provides at least equivalent neurocognitive benefit to patients while providing good rates of
FFP and FFNMs.

Additionally, the increasing use of targeted and immunotherapies in the treatment of brain
metastases offers an opportunity for further understanding of the role of SRS. A large
retrospective study has demonstrated an OS advantage to SRS over early generation tyrosine
kinase inhibitors.28 However, ongoing reports demonstrate increasing intracranial efficacy
and control in the treatment of brain metastases with these agents.29-23 The combination of
targeted systemic or immunotherapy plus SRS may be able to combine the strengths of both
treatments. There is potential for improved local control and durability of treatment for
lesions targeted during SRS, with systemic therapies improving FFNMs to levels
comparable with WBRT,29:30

A final consideration in the use of SRS is the development of ARE in patients who may have
otherwise been asymptomatic. Only 1% of the lesions treated in this series developed ARE;
however, given the high burden of lesions per patient, this amounts to a modest rate of 11%
of patients, with only 2% of patients having symptomatic ARE. This is similar to reported
results of ARE in other studies of this nature, with between 13% and 18% of patients having
ARE on follow-up imaging, with 0%—2% of all patients being symptomatic.16:17 A point of
active research is if this risk is enough to warrant delaying radiation therapy while trialing
targeted systemic agents. Considering the risks of progressive disease, or toxicities of
WBRT, a thoughtful discussion of the risk of SRS should be undertaken with patients given
its efficacy and low rates of toxicity.

The limitations of this study include its retrospective nature and the length of the time period
analyzed. Of the patients selected for up-front SRS, there may be bias toward higher
performance status and lower total intracranial volume of disease. This could have affected
disease progression and hippocampal dose received. Additionally, because this experience
spans multiple decades, the outcomes may reflect evolving treatment paradigms and
provider preferences. We also lack detailed cause of death data; however, for most patients
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in this series, mortality was linked to extracranial disease burden. To more fully understand
these results, patients with >10 intracranial lesions should be included in future prospective
studies involving SRS.

Overall, SRS for patients with = 10 brain metastases as up-front therapy or at recurrence
after prior WBRT can provide excellent rates of local control in properly selected patients.
Hippocampal avoidance can be readily achieved with hippocampal doses lower than those
that are feasible for linear accelerator-based WBRT. Although rates of ARE were modest,
this was consistent with prior studies, and given the potential benefit in cognitive outcomes
when avoiding WBRT, a thorough discussion with patients should be had about the risks and
benefits of each approach.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Abbreviations and Acronyms

ARE Adverse radiation effect

Cl Confidence interval

FFENM Freedom from new metastasis

FFP Treated lesion freedom from progression

HR Hazard ratio

IQR Interquartile range

KPS Karnofsky Performance Status Scale

MRI Magnetic resonance imaging

MVA Multivariate analysis

(OS] Overall survival

SRS Stereotactic radiosurgery

WBRT Whole brain radiation therapy
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Figure 1.

Freedom from progression on a per lesion basis from time of stereotactic radiosurgery (SRS)
by up-front SRS versus salvage SRS (P < 0.0001). FFP, freedom from progression; WBRT,
whole brain radiotherapy.
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Figure 2.

Freedom from progression on a per patient basis from time of stereotactic radiosurgery
(SRS) by up-front SRS versus salvage SRS (P=0.72). FFP, freedom from progression;
WBRT, whole brain radiotherapy.
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Figure 3.

Freedom from new metastases per patient from time of stereotactic radiosurgery (SRS) by
up-front SRS versus salvage SRS (P = 0.90). FFNM, freedom from new metastasis; WBRT,
whole brain radiotherapy.
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Figure 4.
Overall survival from time of stereotactic radiosurgery (SRS) by up-front SRS versus

salvage SRS (P=0.0018). OS, overall survival; WBRT, whole brain radiotherapy.
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Figureb.

Rates of adverse radiation effect from time of stereotactic radiosurgery demonstrated on a
per patient basis (P= 0.11). FFARE, freedom from adverse radiation effect; WBRT, whole
brain radiotherapy.

World Neurosurg. Author manuscript; available in PMC 2021 May 26.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Susko et al.

Table 1.
Patient and Treatment Characteristics (N = 143)

Variable Value
Up-front SRS 75
Salvage SRS post-WBRT 68
Age (y) 57 (46-65)
KPS score 80 (70-90)
Histology
Breast 52 (36.4)
Lung 49 (34.3)
Melanoma 30 (21)
Other 12 (8.3)

Number of BMs per patient 13 (11-17)

Prescription dose (Gy) 19 (18-19)

Total treatment volume (cm3) 4.1 (2.0-9.9)

Values are number of patients, number of patients (%), or median (interquartile range). SRS, stereotactic radiosurgery; WBRT, whole brain
radiotherapy; KPS, Karnofsky Performance Status Scale; BM, brain metastasis.
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Multivariate Analysis of Factors Associated with Prognosis and Control

Table 2.

Metric HR Pvalue
FFP (per patient)
Melanoma 435  0.003
Salvage post-WBRT - ns
FFNMs
Number of BMs, prior WBRT, histology, volume - ns
Overall survival
Salvage post-WBRT 161  0.019
KPS score 0.98  0.017
Total volume 1.03  0.031
Number of BMs, age, histology - ns
FFARE
Melanoma 213  0.002
Salvage post-WBRT 1.63  0.005
Number of BMs, volume, age - ns

Page 16

HR, hazard ratio; FFP, freedom from progression; WBRT, whole brain radiotherapy; ns, not significant; FFNM, freedom from new metastasis; BM,

brain metastasis; KPS, Karnofsky Performance Status Scale; FFARE, freedom from adverse radiation effect.
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