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Scientific Article
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Purpose: Clinical and imaging surveillance of patients with brain metastases is important after stereotactic radiosurgery (SRS) because
many will experience intracranial progression (ITCP) requiring multidisciplinary management. The prognostic significance of
neurologic symptoms at the time of ITCP is poorly understood.
Methods and Materials: This was a multi-institutional, retrospective cohort study from 2015 to 2020, including all patients with brain
metastases completing an initial course of SRS. The primary outcome was overall survival (OS) by presence of neurologic symptoms at
ITCP. OS, freedom from ITCP (FF-ITCP), and freedom from symptomatic ITCP (FF-SITCP) were assessed via Kaplan-Meier method.
Cox proportional hazard models tested parameters impacting FF-ITCP and FF-SITCP.
Results: Among 1383 patients, median age was 63.4 years, 55% were female, and common primaries were non-small cell lung (49%),
breast (15%), and melanoma (9%). At a median follow-up of 8.72 months, asymptomatic and symptomatic ITCP were observed in 504
(36%) and 194 (14%) patients, respectively. The majority of ITCP were distant ITCP (79.5%). OS was worse with SITCP (median,
10.2 vs 17.9 months, P < .001). SITCP was associated with clinical factors including total treatment volume (P = .012), melanoma
histology (P = .001), prior whole brain radiation therapy (P = .003), number of brain metastases (P < .001), interval of 1 to 2 years
from primary and brain metastasis diagnosis (P = .012), controlled extracranial disease (P = .042), and receipt of pre-SRS
chemotherapy (P = .015). Patients who were younger and received post-SRS chemotherapy (P = .001), immunotherapy (P < .001), and
targeted or small-molecule inhibitor therapy (P < .026) had better FF-SITCP.
Sources of support: The funding source for this study (NIH grant R38CA24520401) had no role in the collection, analysis, or interpretation of th
data, the writing of the manuscript, or the decision to submit it for publication.
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Conclusions: In this cohort study of patients with brain metastases completing SRS, neurologic symptoms at ITCP is prognostic for
OS. This data informs post-SRS surveillance in clinical practice as well as future prospective studies needed in the modern
management of brain metastases.
© 2024 The Author(s). Published by Elsevier Inc. on behalf of American Society for Radiation Oncology. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction
Brain metastases are the most commonly occurring
intracranial malignancy in adults, and up to 40% of
patients with solid tumors will develop brain metastases
in their clinical course.1,2 Treatment with surgical resec-
tion and/or stereotactic radiosurgery (SRS) is the standard
of care for most patients with limited brain metastases.3-5

For patients with limited brain metastases, SRS is the pre-
ferred radiation therapy technique due to lower rates of
neurocognitive decline compared with whole brain radia-
tion therapy.6 With advances in SRS technologies as well
as systemic therapies with intracranial penetrance, overall
survival (OS) of patients with brain metastasis has signifi-
cantly improved, and prognostication in this population
has become nuanced in guiding individualized treatment
courses.7-9 After SRS, monitoring of neurologic symptoms
and imaging with magnetic resonance imaging (MRI) is
essential for identifying intracranial progression (ITCP)
and to direct further treatment.10 To this end, our prior
work identified patients at high risk for ITCP11,12 as well
as the degree to which ITCP correlates to OS.13 However,
the incidence, prognostic significance, and clinical param-
eters associated with neurologic symptoms at post-SRS
ITCP remain poorly characterized.

Although local control of treated metastases with SRS
is approximately 80% to 90%,14 overall intracranial con-
trol is only »50% at 1 year, due to the development of
new brain metastases distant from treated locations.15

Many progressing patients have associated neurologic
symptoms, including focal deficits, headaches, and seiz-
ures.16 Although it is known that symptomatic progres-
sion impacts quality of life, little is known regarding the
prognostic significance of neurologic symptoms at pro-
gression after treatment of brain metastases, and charac-
teristics of patients who will present with symptomatic
ITCP. This is especially important as recent clinical trials
increasingly include patients with brain metastases
who are not symptomatic.17,18 Therefore, in this multi-
institutional cohort of patients with brain metastases
completing SRS, we address several points which
remain largely undefined: 1) the prognostic signifi-
cance of neurologic symptoms at the time of intracra-
nial progression; 2) which patients are at the highest
risk for symptomatic intracranial progression; and 3)
whether the presence of neurologic symptoms is asso-
ciated with a longer time interval from SRS completion
to subsequent intracranial progression.
Methods and Materials
For this institutional review board-approved retrospec-
tive cohort study, consecutive adult patients completing
an initial SRS course for brain metastases were identified
across 2 institutions between January 2015 and December
2020. The same cohort of patients were used for prior
studies of other prespecified clinical endpoints.12,13

Informed consent waiver was granted because de-identi-
fied data were used. Exclusion criteria included age
<18 years at time of SRS as well as prior SRS. Single- and
multifraction SRS cases were included, as were those with
prior whole brain radiation therapy (WBRT) or surgical
resection of brain metastases. The study followed the
Strengthening the Reporting of Observational Studies in
Epidemiology reporting guideline.

Demographic and clinical parameters included year of
SRS completion, age, sex, race, Karnofsky performance
status (KPS), primary tumor site, and sites of extracranial
metastatic disease at time of SRS. Oligometastatic disease
burden was defined as 1 to 5 metastases (ie, nonlocore-
gional) present across all anatomic locations, including
intracranial disease, at time of SRS.19

Across both institutions, post-SRS surveillance
included follow-up with brain MRIs every 2 to 3
months. The exact duration between scans was left to
the discretion of the multidisciplinary care team, as
was consideration of surveillance intervals >3 months
after 1 to 3 years without ITCP. ITCP was defined as
any clinical concern for distant and/or recurrent intra-
cranial progression per multidisciplinary review of MR
brain images.18 Symptomatic ITCP (SITCP) was
defined as ITCP with concurrent new or progressive
neurologic symptoms correlating to the specific intra-
cranial region of progression. Two-sided t tests and x2

tests were used to evaluate differences in baseline
demographic characteristics. OS, freedom from ITCP
(FF-ITCP), and freedom from symptomatic ITCP (FF-
SITCP) were assessed via Kaplan-Meier method. The
log-rank test was used to compare OS between groups.
Cumulative incidence rates of SITCP accounted for
asymptomatic ITCP and death as competing risks. For
the FF-ITCP analysis, patients were censored at time
of death. For FF-SITCP analysis, patients were cen-
sored at time of death or at time of asymptomatic
ITCP. Assessment of parameters impacting FF-ITCP
and FF-SITCP was performed with univariable Cox
proportional hazard models. Proportional hazards

http://creativecommons.org/licenses/by-nc-nd/4.0/
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assumption was assessed via Schoenfeld residual test-
ing, and for continuous variables, nonlinearity was
assessed via Martingale residuals. Missing data were
excluded from analysis and no correction for multiple
comparisons was performed in this retrospective anal-
ysis. All analyses were performed using R Statistical
Software (version 4.1.2; R Foundation for Statistical
Computing).
Results
We identified 1383 patients comprising our study
cohort (Table 1). At the time of SRS, the median age was
64.3 years (IQR, 55.4-72.1 years). There were 758 women
(55%) and 625 men (45%). In terms of performance sta-
tus, 631 patients (46%) had a KPS score of 90 or greater,
and 598 (43%) had a KPS of 70 to 80. A total of 283
patients (20%) were Black, 1032 (75%) were White, and
68 (5%) were of other races and ethnicities. The most
common primary tumor site was non-small cell lung can-
cer (NSCLC), where 537 (39%) had a nondriver mutation
and 137 (10%) had a driver mutant. Other common pri-
maries included breast (203 [15%]) and melanoma (118
[9%]). Prior therapies before SRS included surgical resec-
tion in 361 (26%) of patients, WBRT in 142 (10%), che-
motherapy (CHT) in 693 (50%), immunotherapy (IT) in
327 (24%), and targeted or small-molecule inhibitor ther-
apy (TT) in 304 (22%). At the time of SRS, 648 patients
(47%) had oligometastatic disease and 470 (34%) had
controlled extracranial disease. Multiple brain metastases
were treated with SRS in 738 patients (53%) overall, where
247 (18%) were treated for 2, 308 (22%) were treated for 3
to 5, and 183 (13%) were treated for ≥6 brain metasta-
ses. The median (IQR) planning target volume (PTV)
was 6.6 (1.7-23) ccs for all treated brain metastases
and 4.9 (1.2-17.7) ccs for the largest single brain
metastasis in a single patient. After SRS, 436 patients
(32%) were treated with CHT, 378 (27%) with IT, and
293 (21%) with TT. The median time to MRI after
SRS was 3.1 months (IQR, 2.0-6.0 months). Patients in
the SITCP cohort had fewer lines of post-SRS chemo-
therapy (P < .001) and larger PTVs in terms of the
largest lesion (P = .003) and the total PTV (P = .03),
compared with those with asymptomatic ITCP.

At a median follow-up of 8.72 months (IQR, 3.25-
19.68 months), intracranial progression was observed in
698 patients (50%), preceding 492 of 1000 observed
deaths (49%). For 143 of the 698 patients (20.5%) who
experienced progression, initial concern for progression
was limited to one or more previously irradiated brain
metastases. These events were determined to be radionec-
rosis in 96 cases (67%) and local progression in 47 (33%)
by multidisciplinary review of clinical and imaging char-
acteristics. For the remainder 555 patients (79.5%), ITCP
involved distant intracranial metastasis (eg, new brain
metastases seen on surveillance). Symptomatic intracra-
nial progression was observed in 194 (14%) of patients,
and asymptomatic intracranial progression in 504 (36%).
The cumulative incidence of SITCP for all patients at 3, 6,
and 12 months was 5.9% (95% CI, 4.8-7.3%), 10% (95%
CI, 8.8-12%), and 13% (95% CI, 11-15%) respectively
(Table E1). Overall survival of patients who experienced
ITCP stratified by the presence of neurologic symptoms
at the time of progression is presented in Fig. 1. Patients
with neurologic symptoms at ITCP had significantly
worse OS compared with those who were asymptomatic
(P < .0001), with a median OS of 10.2 months (95% CI,
7.7-12.9 months) compared with a median OS of 17.9
months (95% CI, 16.0-21.2 months) for those with
asymptomatic ITCP.

FF-ITCP stratified by the presence of neurologic symp-
toms for patients with documented post-SRS intracranial
progression is presented in Fig. 2. Patients with neurologic
symptoms at ITCP had a shorter FF-ITCP compared with
those who were asymptomatic (P = .00019), with a
median time to ITCP of 3.4 months (95% CI, 3.0-4.1
months) for patients with symptoms compared with a
median of 4.7 months (95% CI, 3.8-5.7 months) for those
who were asymptomatic.

For all patients in the cohort, factors associated with
experiencing neurologic symptoms at ITCP were analyzed
in Table 2. Assumption testing via Schoenfeld residuals
and Martingale residual plots are provided in Table E2
and Fig. E1, respectively; the proportional hazards
assumption was not met for KPS (P = .029) and receipt of
post-SRS chemotherapy (P = .005). On univariable Cox
regression, symptomatic ITCP was associated with mela-
noma histology (hazard ratio [HR], 2.09 [95% CI, 1.35-
3.24], P = .001), controlled extracranial disease (HR, 1.34
[95% CI, 1.01-1.78], P = .042), receipt of pre-SRS chemo-
therapy (HR, 1.42 [95% CI, 1.07-1.89], P = .015), interval
of >1 year and ≤2 years from primary diagnosis to brain
metastases (HR, 1.72 [95% CI, 1.13-2.61], P = .012), prior
WBRT (HR, 1.87 [95% CI, 1.24-2.81], P = .003), and
number of brain metastases in terms of 2 versus 3 to 5
(HR, 2.08 [95% CI, 1.47-2.95], P < .001), or in terms of 3
to 5 versus ≥6 (HR, 1.89 [95% CI, 1.23-2.90], P = .004),
and total PTV (per cc, HR, 1.01 [95% CI, 1.00-1.01],
P = .012). Symptomatic ITCP was not associated with sin-
gle versus 2 brain metastases, prior surgical resection,
year of SRS, and PTV of largest lesion treated (P = .103,
0.619, 0.743, and 0.250, respectively). Younger age (per
year, HR, 0.99 [95% CI, 0.99-1.00], P = .007) and receipt
of any post-SRS systemic therapy were associated with a
lower probability of experiencing symptomatic ITCP,
including chemotherapy (HR, 0.58 [95% CI, 0.42-0.81],
P = .001), immunotherapy (HR, 0.55 [95% CI, 0.39-0.77],
P < .001), and targeted or small-molecule inhibitor ther-
apy (HR, 0.67 [95% CI, 0.47-0.95], P = .026). Factors asso-
ciated with FF-ITCP overall in the cohort is presented in
Table E3.



Table 1 Demographic, clinical, and treatment parameters across all patients, those with asymptomatic post-SRS intra-
cranial progression, and those with symptomatic intracranial progression

All Pts
(n = 1383)

Pts with Asx ITCP
(n = 504)

Pts with SITCP
(n = 194) P value

Parameter N (%) N (%) N (%)

Year SRS .6

2015-2017 592 (42.8) 228 (45.2) 83 (42.8)

2018-2020 791 (57.2) 276 (54.8) 111 (57.2)

Median age (IQR) 64.3 (55.4-72.1) 62.3 (53.4-69.5) 61.73 (52.08-70.60) .72

Male sex 625 (45.2) 212 (42.1) 73 (37.6)

Race .9

White 1032 (74.6) 381 (75.6) 150 (77.3)

Black 283 (20.5) 99 (19.6) 36 (18.6)

Other 68 (4.9) 24 (4.8) 8 (4.1)

KPS .07

90-100 631 (45.6) 281 (55.8) 90 (46.4)

70-80 598 (43.2) 196 (38.9) 89 (45.9)

≤60 154 (11.1) 27 (5.4) 45 (23.2)

Primary tumor type .078

NSCLC, nondriver mutant 537 (38.8) 183 (36.3) 69 (35.6)

NSCLC, driver mutant 137 (9.9) 68 (13.5) 15 (7.7)

Breast 203 (14.7) 88 (17.5) 36 (18.6)

Melanoma 118 (8.5) 44 (8.7) 28 (14.4)

Other 338 (24.4) 121 (24) 46 (23.7)

Oligometastatic disease at time of SRS 648 (46.9) 249 (49.4) 102 (52.6) .5

Controlled extracranial disease at SRS 470 (34) 187 (37.1) 86 (44.3) .08

Interval from primary dx to brain mets .11

≤30 d 441 (31.9) 171 (33.9) 52 (26.8)

>30 d, ≤1 y 269 (19.5) 93 (18.5) 34 (17.5)

>1 y, ≤2 y 201 (14.5) 67 (13.3) 38 (19.6)

>2 y 472 (34.1) 173 (34.3) 70 (36.1)

Lines of pre-SRS chemotherapy .8

0 690 (49.9) 249 (49.4) 89 (45.9)

1 406 (29.4) 154 (30.6) 60 (30.9)

2 167 (12.1) 60 (11.9) 27 (13.9)

≥3 120 (8.7) 41 (8.1) 18 (9.3)

Lines of pre-SRS immunotherapy .4

0 1056 (76.4) 389 (77.2) 147 (75.8)

1 242 (17.5) 86 (17.1) 29 (14.9)

2 71 (5.1) 22 (4.4) 14 (7.2)

≥3 14 (1) 7 (1.4) 4 (2.1)

Lines of pre-SRS targeted therapy .5

0 1079 (78) 382 (75.8) 156 (80.4)

1 166 (12) 65 (12.9) 20 (10.3)

(continued on next page)
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Table 1 (Continued)

All Pts
(n = 1383)

Pts with Asx ITCP
(n = 504)

Pts with SITCP
(n = 194) P value

Parameter N (%) N (%) N (%)

2 86 (6.2) 36 (7.1) 13 (6.7)

≥3 52 (3.8) 21 (4.2) 5 (2.6)

Lines of post-SRS chemotherapyy <.001*

0 947 (68.5) 296 (58.7) 145 (74.7)

1 331 (23.9) 170 (33.7) 37 (19.1)

2 91 (6.6) 33 (6.5) 9 (4.6)

3+ 14 (1) 5 (1) 3 (1.5)

Lines of post-SRS immunotherapyy .1

0 1005 (72.7) 349 (69.2) 149 (76.8)

1 347 (25.1) 141 (28) 43 (22.2)

2 30 (2.2) 14 (2.8) 2 (1)

3+ 1 (0.1) 0 (0) 0 (0)

Lines of post-SRS targeted therapyy .5

0 1090 (78.8) 378 (75) 154 (79.4)

1 248 (17.9) 105 (20.8) 36 (18.6)

2 37 (2.7) 17 (3.4) 3 (1.5)

3+ 8 (0.6) 4 (0.8) 1 (0.5)

Prior whole brain radiotherapy 142 (10.3) 49 (9.7) 27 (13.9) .11

Surgical resection 361 (26.1) 138 (27.4) 58 (29.9) .5

No. of brain metastases .4

1 645 (46.6) 214 (42.5) 79 (40.7)

2 247 (17.9) 104 (20.6) 32 (16.5)

3-5 308 (22.3) 117 (23.2) 54 (27.8)

≥6 183 (13.2) 69 (13.7) 29 (14.9)

PTV of largest lesion (cc; median, IQR) 4.87 (1.18-17.71) 3.19 (0.88-15.09) 6.80 (2.00-21.19) .003*

PTV total (cc; median, IQR) 6.62 (1.74-22.97) 4.71 (1.13-20.42) 10.58 (2.68-30.22) .03*

Abbreviations: Asx = asymptomatic; dx = diagnosis; ITCP = intracranial progression; KPS = Karnofsky performance status; NSCLC = non-small cell
lung cancer; Pts = patients; PTV = planning target volume; SITCP = symptomatic intracranial progression; SRS = stereotactic radiosurgery.
*Statistically significant.
yFrom SRS completion to initial post-SRS intracranial progression or last follow-up.
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Discussion

In this large, multi-institutional cohort of patients with
brain metastases treated with contemporary therapies, the
presence of neurologic symptoms at ITCP was associated
with inferior OS after an initial course of SRS. We also
identified that symptomatic ITCP occurred earlier than
asymptomatic ITCP and clinical and treatment character-
istics associated with a higher risk of SITCP. These find-
ings are important as more and more patients are being
treated with radiosurgery to multiple brain metastases
where progression in untreated locations is common.
These data suggest an association of specific clinical
factors with SITCP and characterizing the negative prog-
nostic implications of SITCP in terms of survival.

Although the association between ITCP and neuro-
logic decline is understood, it is not well characterized in
the literature in relation to patient and treatment charac-
teristics. In contemporary practice, clinical monitoring
and regular brain imaging is especially important after
SRS as approximately 50% of patients will develop intra-
cranial progression (especially distant intracranial pro-
gression in terms of new metastases) within the first year
after treatment. Given that high local control and neuro-
cognitive preservation are major reasons for SRS instead
of WBRT in many patients, identifying clinical



Figure 1 Overall survival, with 95% CI, is shown for all patients with documented post stereotactic radiosurgery intracra-
nial progression, stratified by presence of neurologic symptoms at time of progression. Abbreviation: SRS = stereotactic
radiosurgery.

Figure 2 Freedom from intracranial progression, with 95% CI, is shown for all patients with documented post stereotac-
tic radiosurgery intracranial progression, stratified by presence of neurologic symptoms at time of progression. Abbrevia-
tion: SRS = stereotactic radiosurgery.
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parameters specifically associated with symptomatic
progression after SRS may help to identify higher risk
patients and guide their multidisciplinary management.
This data provide support for the use of symptomatic
ITCP as a defined clinical endpoint in patient care.

Indeed, we found that most intracranial events in this
study were driven by distant intracranial progression with
new brain metastases at a median follow-up of 8.72
months. Local events of radionecrosis and local progres-
sion of treated metastases were a minority in the overall
cohort. In this analysis, the 96 cases of radionecrosis
(13.8%) identified were included as ITCP events (698 in
total) in the context of prognostication, as it is often diffi-
cult to distinguish between radionecrosis and local



Table 2 Univariate analysis of freedom from symptomatic intracranial progression for all patients

Parameter HR (95% CI) P value

Year SRS

2015-2017 Ref

2018-2020 1.049 (0.788-1.395) .743

Age, per year 0.985 (0.974-0.996) .007*

Male sex 0.793 (0.593-1.06) .117

Race

White Ref

Black 0.811 (0.563-1.166) .258

Other 0.807 (0.396-1.643) .554

KPS

90-100 Ref

70-80 1.291 (0.962-1.731) .088

≤60 1.139 (0.659-1.971) .641

Primary tumor type

NSCLC, nondriver mutant Ref

NSCLC, driver mutant 0.715 (0.409-1.249) .238

Breast 1.348 (0.901-2.017) .147

Melanoma 2.090 (1.347-3.244) .001*

Other 1.082 (0.744-1.572) .681

Oligometastatic disease 0.947 (0.714-1.257) .706

Controlled extracranial disease 1.343 (1.011-1.783) .042*

Receipt of pre-SRS chemotherapy 1.422 (1.072-1.888) .015*

Receipt of pre-SRS immunotherapy 1.333 (0.959-1.853) .087

Receipt of pre-SRS targeted therapy 0.867 (0.608-1.236) .431

Receipt of post-SRS chemotherapy 0.584 (0.422-0.807) .001*

Receipt of post-SRS immunotherapy 0.550 (0.393-0.769) <.001*

Receipt of post-SRS targeted therapy 0.672 (0.474-0.952) .026*

Interval from primary to brain dx

≤30 d Ref

>30 d, ≤1 y 1.339 (0.868-2.064) .186

>1 y, ≤2 y 1.715 (1.129-2.607) .012*

>2 y 1.387 (0.968-1.986) .075

Prior whole brain radiotherapy 1.868 (1.241-2.813) .003*

Surgical resection 0.925 (0.679-1.259) .619

No. of brain metastases

1 Ref

2 1.409 (0.933-2.126) .103

3-5 2.081 (1.469-2.948) <.001*

≥6 1.886 (1.228-2.895) .004*

PTV of largest lesion (cc) 1.004 (0.996-1.011) .250

PTV total (cc) 1.008 (1.002-1.013) .012*

Abbreviations: dx = diagnosis; HR = hazard ratio; ICP = intracranial progression; KPS = Karnofsky performance status; NSCLC = non-small cell lung
cancer; PTV = planning target volume; SRS = stereotactic radiosurgery.
*Statistically significant.
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progression at the time of the initial surveillance MRI
without information from subsequent clinical, radio-
graphic, and potentially surgical follow-up that can take
place over months. Regardless of the mechanism of pro-
gression, the cumulative rate for symptomatic progression
was 8.9% by 6 months and 12% by 1 year, and these
patients had worse overall survival compared with those
who experience intracranial progression without neuro-
logic symptoms. We identified distinct clinical and treat-
ment characteristics that are associated with a high risk of
SITCP. These factors included melanoma histology, larger
total PTV, greater number of brain metastases, controlled
extracranial disease at SRS, prior WBRT, interval of 1 to
2 years between primary and brain metastases diagnosis,
and receipt of pre-SRS chemotherapy. Although the asso-
ciation of PTV with worse local control is studied in the
literature,20,21 here it was associated with higher risk for
symptomatic intracranial progression overall and
future studies examining treatment volume thresholds
for predicting SITCP can potentially provide actionable
information in the treatment planning process. Receipt
of post-SRS systemic therapy was associated with
lower probabilities of experiencing SITCP. In mela-
noma, a recent study of long-term intracranial out-
comes after SRS and dual immune checkpoint
blockade demonstrated improved intracranial con-
trol.22 These studies reflect the increasing use of sys-
temic therapies with effective intracranial activity over
time, which play complimentary roles with SRS for
intracranial control.23 Potential trends in systemic
therapy use was broadly captured in this study in
terms of the year of treatment. Future prospective
studies should record these trends in more granular
detail, for example in NSCLC with the use of third-
generation epidermal growth factor receptor tyrosine
kinase inhibitors that demonstrate greater intracranial
control.24,25 Finally, although risk for SITCP closely
approximates the risk for any ITCP (Table E3), one
specific difference is the number of brain metastases
treated with ≥3 rather than ≥2 as a cutoff. Together,
our findings here provide a rigorous characterization
of symptomatic intracranial progression after SRS,
which can significantly impact patient quality of life
and direct ongoing oncologic care in terms of surveil-
lance, treatment, and supportive care.26

Optimal post-SRS surveillance is not well defined in
terms of patient and treatment characteristics. Historic
studies have focused on salvage WBRT after SRS, which
has little clinical utility in contemporary practice as
patients are frequently treated with further courses of SRS
for intracranial progression.27,28 Here, we found that
SITCP occurred earlier than asymptomatic ITCP
(median, 3.4 vs 4.7 months). This suggests that symptom-
atic intracranial progression is happening not because of
missed scans and appointments, but because current sur-
veillance intervals are insufficient to detect disease at a
timepoint before symptom onset. Prior studies have
attempted to personalize post-SRS imaging intervals to
detect ITCP before the onset of neurologic symptoms,11,29

and require further validation to optimize imaging strat-
egy in this population.

Intracranial response assessment has become increas-
ingly important as patients with brain metastases who are
not symptomatic are being included in clinical trials.17 OS
as an outcome measure has the distinct advantage of
being a direct measure of meaningful clinical benefit.
However, in the brain metastases population, high rates
of competing risks are likely to dilute the impact on local
control, and larger sample sizes are required to uncover
direct impacts on overall survival.17,18 In this study,
SITCP was prognostic for OS and further supports the
use of ITCP endpoints as surrogates in oncologic trials.
As intracranial progression-free survival become increas-
ingly used in oncology trials, including those with brain
metastases,30 this data also provide relevant context in
terms of patient symptoms at the time of ITCP.
Strengths and limitations

The strengths of this study include its large, multi-
institutional nature, which allowed for robust analyses of
our endpoints of interest. Limitations include the gener-
alizability of the results outside of institutions with the
availability of multidisciplinary management for brain
metastases. Results here reflect outcomes after an initial
course of SRS and is not generalizable to subsequent
courses of intracranially directed therapy after SRS. This
retrospective review did not capture neurologic symptoms
at baseline, which should be stratified in future studies.
Additionally, the rate of leptomeningeal disease, although
generally low in the SRS setting, were not specifically cap-
tured here. Because SITCP events require both clinical
and imaging assessment, a proportion of patients who
died in the context of undocumented progression were
not accounted for in the analyses. In the context of com-
paring asymptomatic ITCP and SITCP (both requiring
imaging documentation), this is less relevant compared
with our prior work.13 Overall, this retrospective study
offers an exploratory and hypothesis-generating analysis
and should be interpreted with caution until validated by
future prospective cohort studies in the modern SRS
setting.
Conclusion
This cohort study of patients completing an initial
course of SRS for brain metastases suggest that neurologic
symptoms at ITCP is prognostic for inferior OS, and is
associated with melanoma histology, lack of adjuvant sys-
temic therapy, and greater number of brain metastases.
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These exploratory and hypothesis-generating data require
further validation in prospective cohorts and may inform
surveillance after SRS and design of clinical trials that
include patients with brain metastases.
Disclosures
John P. Kirkpatrick reported receiving grants from
Varian Medical Systems and BioMimetix SBR, receiving
personal fees from Monteris Medical, and owning Clear-
Sight LLC outside the submitted work. Julian C. Hong
reported receiving research funding from Roche outside
the submitted work. Zachary J. Reitman reported having
intellectual property managed by Duke University related
to brain tumor genomic profiling tests outside the submit-
ted work. Peter E. Fecci reported receiving consulting fees
and grant funding from Monteris Medical outside the
submitted work.
Supplementary materials
Supplementary material associated with this article
can be found in the online version at doi:10.1016/j.
adro.2024.101475.
References

1. Moravan MJ, Fecci PE, Anders CK, et al. Current multidisciplinary
management of brain metastases. Cancer. 2020;126:1390-1406.

2. Lamba N, Wen PY, Aizer AA. Epidemiology of brain metastases and
leptomeningeal disease. Neuro-Oncol. 2021;23:1447-1456.

3. Chao ST, De Salles A, Hayashi M, et al. Stereotactic radiosurgery in
the management of limited (1-4) brain metasteses: Systematic review
and International Stereotactic Radiosurgery Society practice guide-
line. Neurosurgery. 2018;83:345.

4. Gondi V, Bauman G, Bradfield L, et al. Radiation therapy for brain
metastases: An ASTRO clinical practice guideline. Pract Radiat
Oncol. 2022;12:265-282.

5. Vogelbaum MA, Brown PD, Messersmith H, et al. Treatment for
brain metastases: ASCO-SNO-ASTRO guideline. J Clin Oncol.
2022;40:492-516.

6. Brown PD, Ballman KV, Cerhan JH, et al. Postoperative stereotactic
radiosurgery compared with whole brain radiotherapy for resected
metastatic brain disease (NCCTG N107C/CEC¢3): A multicentre,
randomised, controlled, phase 3 trial. Lancet Oncol. 2017;18:1049-
1060.

7. Sperduto PW, De B, Li J, et al. Graded prognostic assessment (GPA)
for patients with lung cancer and brain metastases: Initial report of
the small cell lung cancer GPA and update of the non-small cell
lung cancer GPA including the effect of programmed death ligand 1
and other prognostic factors. Int J Radiat Oncol. 2022;114:60-74.

8. Sperduto PW, Mesko S, Li J, et al. Survival in patients with brain
metastases: Summary report on the updated diagnosis-specific
graded prognostic assessment and definition of the eligibility
quotient. J Clin Oncol. 2020;38:3773-3784.
9. Sperduto PW, Jiang W, Brown PD, et al. Estimating survival in mel-
anoma patients with brain metastases: An update of the graded
prognostic assessment for melanoma using molecular markers (mel-
anoma-molGPA). Int J Radiat Oncol. 2017;99:812-816.

10. National Comprehensive Cancer Network, Inc. NCCN clinical
practice guidelines in oncology (NCCN Guidelines) for central
nervous system cancers. Available at: https://www.nccn.org/profes
sionals/physician_gls/pdf/cns.pdf. Accessed August 29, 2023.

11. Natarajan BD, Rushing CN, Cummings MA, et al. Predicting intra-
cranial progression following stereotactic radiosurgery for brain
metastases: Implications for post SRS imaging. J Radiosurgery SBRT.
2019;6:179-187.

12. Carpenter DJ, Natarajan B, Arshad M, et al. Prognostic Model for
Intracranial Progression after Stereotactic Radiosurgery: A Multi-
center Validation Study. Cancers. 2022;14:5186.

13. Carpenter DJ, Leng J, Arshad M, et al. Intracranial and Extracranial
Progression and Their Correlation With Overall Survival After Ste-
reotactic Radiosurgery in a Multi-institutional Cohort With Brain
Metastases. JAMA Netw Open. 2023;6:e2310117.

14. Redmond KJ, Gui C, Benedict S, et al. Tumor control probability of
radiosurgery and fractionated stereotactic radiosurgery for brain
metastases. Int J Radiat Oncol. 2021;110:53-67.

15. Sallabanda M, García-Berrocal MI, Romero J, et al. Brain metastases
treated with radiosurgery or hypofractionated stereotactic radiother-
apy: Outcomes and predictors of survival. Clin Transl Oncol.
2020;22:1809-1817.

16. Alvi MA, Asher AL, Michalopoulos GD, et al. Factors associated
with progression and mortality among patients undergoing stereo-
tactic radiosurgery for intracranial metastasis: Results from a
national real-world registry. J Neurosurg. 2022;137:985-998.

17. Alexander BM, Brown PD, Ahluwalia MS, et al. Clinical trial design
for local therapies for brain metastases: A guideline by the Response
Assessment in Neuro-Oncology Brain Metastases working group.
Lancet Oncol. 2018;19:e33-e42.

18. Lin NU, Lee EQ, Aoyama H, et al. Response assessment criteria for
brain metastases: Proposal from the RANO group. Lancet Oncol.
2015;16:e270-e278.

19. Foster CC, Pitroda SP, Weichselbaum RR. Definition, biology, and
history of oligometastatic and oligoprogressive disease. Cancer J.
2020;26:96.

20. Vogelbaum MA, Angelov L, Lee S-Y, et al. Local control of brain
metastases by stereotactic radiosurgery in relation to dose to the
tumor margin. J Neurosurg. 2006;104:907-912.

21. Han JH, Kim DG, Chung H-T, et al. Radiosurgery for large brain
metastases. Int J Radiat Oncol. 2012;83:113-120.

22. Vaios EJ, Shenker RF, Hendrickson PG, et al. Long-Term Intracra-
nial Outcomes With Combination Dual Immune-Checkpoint
Blockade and Stereotactic Radiosurgery in Patients With Melanoma
and Non-Small Cell Lung Cancer Brain Metastases. Int J Radiat
Oncol Biol Phys. 2023. S0360-3016(23)08234−2.

23. Alvarez-Breckenridge C, Remon J, Pi~na Y, et al. Emerging systemic
treatment perspectives on brain metastases: Moving toward a better
outlook for patients. Am Soc Clin Oncol Educ Book. 2022:147-165.

24. Soria J-C, Ohe Y, Vansteenkiste J, et al. Osimertinib in untreated
EGFR-mutated advanced non−small-cell lung cancer. N Engl J Med.
2018;378:113-125.

25. Mok T, Ahn M-J, Han J-Y, et al. CNS response to osimertinib in
patients (pts) with T790M-positive advanced NSCLC: Data from a
randomized phase III trial (AURA3). J Clin Oncol. 2017;35(Suppl).

26. Lester SC, Taksler GB, Kuremsky JG, et al. Clinical and economic
outcomes of patients with brain metastases based on symptoms: An
argument for routine brain screening of those treated with upfront
radiosurgery. Cancer. 2014;120:433-441.

https://doi.org/10.1016/j.adro.2024.101475
https://doi.org/10.1016/j.adro.2024.101475
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0001
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0001
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0002
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0002
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0003
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0003
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0003
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0003
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0004
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0004
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0004
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0005
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0005
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0005
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0006
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0006
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0006
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0006
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0006
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0006
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0007
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0007
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0007
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0007
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0007
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0008
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0008
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0008
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0008
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0009
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0009
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0009
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0009
https://www.nccn.org/professionals/physician_gls/pdf/cns.pdf
https://www.nccn.org/professionals/physician_gls/pdf/cns.pdf
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0011
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0011
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0011
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0011
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0012
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0012
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0012
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0013
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0013
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0013
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0013
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0014
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0014
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0014
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0015
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0015
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0015
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0015
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0016
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0016
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0016
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0016
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0017
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0017
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0017
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0017
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0018
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0018
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0018
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0019
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0019
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0019
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0020
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0020
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0020
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0021
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0021
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0022
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0022
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0022
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0022
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0022
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0023
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0023
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0023
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0023
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0024
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0024
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0024
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0025
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0025
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0025
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0026
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0026
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0026
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0026


10 J.X. Leng et al Advances in Radiation Oncology: June 2024
27. Gorovets D, Ayala-Peacock D, Tybor DJ, et al. Multi-institutional
nomogram predicting survival free from salvage whole brain radia-
tion after radiosurgery in patients with brain metastases. Int J Radiat
Oncol Biol Phys. 2017;97:246-253.

28. Barbour AB, Jacobs CD, Williamson H, et al. Radiation therapy
practice patterns for brain metastases in the United States in the ste-
reotactic radiosurgery era. Adv Radiat Oncol. 2019;5:43-52.
29. Rich BJ, Kwon D, Soni YS, et al. Survival and yield of surveil-
lance imaging in long-term survivors of brain metastasis treated
with stereotactic radiosurgery. World Neurosurg. 2022;167:e738-
e746.

30. Del Paggio JC, Berry JS, Hopman WM, et al. Evolution of the ran-
domized clinical trial in the era of precision oncology. JAMA Oncol.
2021;7:728-734.

http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0027
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0027
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0027
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0027
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0028
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0028
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0028
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0029
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0029
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0029
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0029
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0030
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0030
http://refhub.elsevier.com/S2452-1094(24)00038-1/sbref0030

	Determinants of Symptomatic Intracranial Progression After an Initial Stereotactic Radiosurgery Course
	Introduction
	Methods and Materials
	Results
	Discussion
	Strengths and limitations

	Conclusion
	Disclosures
	Supplementary materials
	References





