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Abstract

Purpose: Stereotactic radiation therapy (SRT) and immune checkpoint inhibitors (ICl) may act synergistically to
improve treatment outcomes but may also increase the risk of symptomatic radiation necrosis (RN). The objective
of this study was to compare outcomes for patients undergoing SRT with and without concurrent ICl.

Methods and materials: Patients treated for BMs with single or multi-fraction SRT were retrospectively reviewed.
Concurrent ICl with SRT (SRT-ICI) was defined as administration within 3 months of SRT. Local control (LC), radiation
necrosis (RN) risk and distant brain failure (DBF) were estimated by the Kaplan-Meier method and compared
between groups using the log-rank test. Wilcoxon rank sum and Chi-square tests were used to compare covariates.
Multivariate cox regression analysis (MVA) was performed.

Results: One hundred seventy-nine patients treated with SRT for 385 brain lesions were included; 36 patients with
99 lesions received SRT-ICI. Median follow up was 10.3 months (SRT alone) and 7.7 months (SRT- ICl) (p = 0.08).
Lesions treated with SRT-ICl were more commonly squamous histology (17% vs 8%) melanoma (20% vs 2%) or
renal cell carcinoma (8% vs 6%), (p < 0.001). Non-small cell lung cancer (NSCLC) compromised 60% of patients
receiving ICl (n=59). Lesions treated with SRT-ICI had significantly improved 1-year local control compared to SRT
alone (98 and 89.5%, respectively (p =0.0078). On subset analysis of NSCLC patients alone, ICl was also associated
with improved 1 year local control (100% vs. 90.1%) (p = 0.018). On MVA, only tumor size <2 cm was significantly
associated with LC (HR 0.38, p =0.02), whereas the HR for concurrent ICI with SRS was 0.26 (p = 0.08). One year DBF
(41% vs. 53%; p=0.21), OS (58% vs. 56%; p =0.79) and RN incidence (7% vs. 4%; p = 0.25) were similar for SRT alone
versus SRT-ICI, for the population as a whole and those patients with NSCLC.

Conclusion: These results suggest SRT-ICI may improve local control of brain metastases and is not associated with
an increased risk of symptomatic radiation necrosis in a cohort of predominantly NSCLC patients. Larger,
prospective studies are necessary to validate these findings and better elucidate the impact of SRT-ICl on other
disease outcomes.
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Introduction

Multiple studies have established stereotactic radiation
therapy (SRT) as the preferred non-surgical treatment
for patients with limited brain metastases (BMs) given
the increased risk of neurocognitive decline following
whole brain radiotherapy (WBRT) [1-7]. More recent
literature suggests improved survival with SRT over
WBRT in the context of re-treatment upon intracranial
progression [8]. As the number of patients with meta-
static cancer receiving immune checkpoint inhibitors
(ICIs) continues to increase, the interactions between
ICIs and SRT require investigation.

Several prospective trials have demonstrated activity
of ICIs in the brain, with response rates of ranging
from 26% to 57% in absence of brain radiotherapy [9,
10]. SRS/SRT has been found to act synergistically
with ICIs through multiple mechanisms including
stimulating the release of tumor antigens, enhancing
activation of antigen presenting cells, increasing the
permeability of the blood-brain barrier and upregulat-
ing cell-surface molecules targeted by ICIs [11, 12].
Several retrospective studies, primarily involving pa-
tients with melanoma, have demonstrated an
provement in disease outcomes associated with SRT
and concurrent ICI administration [13-15]. However,
there remains concern that concurrent SRT and ICI
may also lead to an increased risk of symptomatic
toxicity given that normal tissues also express PD-L1
to prevent T-cell mediated damage of normal tissue
[16].

A retrospective study evaluated 80 patients with mel-
anoma who received ICI within one week of SRS for
brain metastases suggested that SRS with concurrent ICI
may improve treatment outcomes, however, potentially
at the expense of an increased risk of developing symp-
tomatic radiation necrosis (RN) [17]. Other single insti-
tutional series have corroborated these findings. For
example, Helis and colleagues reported an increased risk
of adverse radiation events including subacute edema,
pseudoprogression and radiation necrosis at 2 years
(4.5% vs 2.1%) in their population of patients treated
with frame-based SRS with and without concurrent
ICI, respectively [18]. In a population of patients. with
non-small cell lung cancer (NSCLC), melanoma and
renal cell carcinoma, Martin et al. also found that pa-
tients treated with ICIs and SRS/SRT were signifi-
cantly more likely to experience symptomatic
radiation necrosis and this association was most pre-
dominant in patients with melanoma [19].

The purpose of this study is to compare outcome for
patients with BMs treated with single-fraction stereotac-
tic radiosurgery (SRS) or multiple-fraction (MF) SRT
with or without concurrent ICIs within a single aca-
demic network of radiation oncology centers.

im-
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Materials and methods

A retrospective multi-center review was conducted of
patients treated for BMs with SRS or MF-SRT within an
academic network. Concurrent ICI was defined as ad-
ministration of ICI in the 3 month period leading up to
or immediately after SRS or SRT. ICIs included: Anti
cytotoxic T-lymphocyte associated protein 4 (CTLA-4,
Ipilimumab), anti-programmed cell death receptor (PD-
1, Pembrolizumab, Nivolumab) and anti-programmed
cell death ligand (PD-L1, Durvalumab, Atezolizumab).
Eligible patients had undergone diagnostic MRI and at
least one post-SRT MRI. Endpoints analyzed included
local control, distant brain control, overall survival and
radiation necrosis.

Treatment planning and delivery

SRS was performed with either frame-based cobalt radio-
surgery delivery device or a frameless linear accelerator
(LINAC) based technique with a robotic 6-degree of free-
dom couch. MF-SRT was delivered using LINACs.

Gross tumor volume was defined as the contrast en-
hancing tumor volume on T1 axial MRI fused with a
treatment planning CT scan. For LINAC-based treat-
ments, a clinical tumor volume margin was added when
treating the cavity in cases of prior resections. A plan-
ning target volume (PTV) margin was added at physician
discretion based on setup uncertainty. There was no
PTV margin used for lesions treated with frame-based
SRS. For SRS, prescription dose was dependent on the
lesion size as follows: < 2 cm (21-24 Gy), 2-3 cm (18 Gy)
and 3-4 cm (15 Gy). Dosing for post-operative SRS was
determined by surgical cavity volume. For MF-SRT, dos-
ing regimens were at the discretion of the treating phys-
ician. The prescription dose was prescribed to the 50%
isodose line for frame-based SRS and the 80% isodose
line for those lesions treated with the LINAC.

Patient follow-up

Clinical assessment and MRI surveillance occurred 1
month after treatment and every 3 months thereafter.
Local failure (LF) and radiation necrosis (RN) were doc-
umented based on clinical assessment, imaging findings
and pathology. Tumor progression required 2 consecu-
tive MRIs with increased T1 contrast enhancement and
increased vascular flow on perfusion MRI, when avail-
able. Criteria for radiation necrosis included: 1) in-
creased T1 enhancement in the high dose radiation field
associated with increased peripheral edema and a central
region of hypo-intensity, 2) a decrease or resolution of
enhancement on subsequent follow up imaging, and 3)
absence of increased vascular flow on perfusion-
weighted MRI sequences.
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Statistical analysis

The primary endpoints of this study were LF and inci-
dence of RN. Time to LF and RN were defined from
treatment start date to event or last follow-up date. LC,
DBF and RN probability were estimated by the Kaplan-
Meier method and compared between groups using the
log-rank test. Patients were censored at date of last
follow-up or death, or at date of salvage WBRT (for LC
and RN endpoints). Characteristics of patients treated
with and without concurrent ICI were compared using
Wilcoxon rank sum tests for continuous and chi-square
tests for categorical variables. Covariates that were clin-
ically relevant to the outcome of interest or significant
on univariate analysis were included in the multivariate
model. Subset analyses of non-small cell lung cancer
(NSCLC) lesions and timing of immunotherapy delivery
were performed. SAS (version 9.4, SAS Institute, Cary,
NC) statistics software was utilized. All statistical ana-
lyses were performed at a significance level of 0.05.

Results

Patient and tumor characteristics

Three hundred eighty-five treated brain lesions from 179
patients were included. Ninety-nine lesions were treated
with SRS or SRT with ICI and 286 lesions received SRS
or SRT alone. Patient and lesion characteristics are
shown in Table 1. ICIs administered included Pembroli-
zumab (1 =44, 44%), Nivolumab (n = 34, 34%), Ipilimu-
mab (7 =8, 8%), Atezolizumab (n =5, 5%), Durvalumab
(n =3, 3%), both Nivolumab and Ipilimumab (n =4, 4%),
unknown (n =1, 1%). Compared to patients treated with
radiation alone, patients treated with radiation and ICI
more commonly had squamous histology (17% vs 8%),
melanoma (20% vs 2%) or renal cell carcinoma (8% vs
6%) (p <0.001). In addition, lesions treated with SRS +
ICI were less frequently treated with cytotoxic systemic
therapy (11% vs 24%; p = 0.007) or prior WBRT (22% vs
38%)(p = 0.04).

Treatment outcomes and toxicity

The median follow-up time was 10.3 months (SRS/SRT
alone) and 7.7 months (SRS/SRT-ICI), (p=0.08). Pa-
tients who received SRS/SRT-ICI had significantly im-
proved Kaplan-Meier estimates for local control (98.0%
vs. 89.5%, p = 0.0078, Fig. 1a). A similar 1-year local con-
trol benefit (100% vs. 90.1%) was also observed in the
subset of NSCLC lesions (1 =59, 60%) treated with SRS
or SRT and ICI (Fig. 2a, p=.0175). On UVA, ICI (HR
0.18, p =0.02) and tumor size <2 cm (HR 0.36, p =0.01)
significantly reduced the risk of local failure (Table 2).
On MVA, tumor size was significantly correlated with
reduced LF (HR 0.38, p =0.02), whereas SRT-ICI was
not (HR 0.26, p = 0.08). One-year DBF (53% SRS/SRT-
ICI vs 41% SRS/SRT alone; p =0.21) and OS (56% SRS/
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SRT-ICI vs 58% SRS/SRT alone; p =0.79) did not differ
between those treated with or without ICI. Subset ana-
lysis of the patients with NSCLC confirmed no signifi-
cant difference in 1-year DBF (59% SRS/SRT-ICI vs. 44%
SRS/SRT alone, p=0.21) or 1-year OS (64% SRS/SRT-
ICI vs 65% SRS/SRT alone, p =0.88) between the two
groups.

The 1-year incidence of symptomatic RN were similar
for SRS/SRT-ICI and SRS/SRT alone at 4.0% and 7.3%,
respectively (p = 0.25) (Fig. 1b), and was also similar on a
subset analysis of only NSCLC lesions (3.4% SRS/SRT
-ICI vs. 7.1% SRS/SRT alone, p =0.31, Fig. 2b). Only
tumor size <2cm predicted for RN on both UVA and
MVA analysis (Table 3). Initiation of ICI in relation to
RT (initiated within 3 months before versus within 3
months after SRT) did not impact local control (Fig. 3a)
or radiation necrosis (Fig. 3b).

Discussion
In this multi-center experience of patients treated with
SRS or SRT for brain metastases, we found no signifi-
cant difference in the incidence of symptomatic RN be-
tween patients receiving SRS/SRT-ICI and those
receiving SRS/SRT alone. Patients receiving SRS/SRT-
ICI had a significantly improved 1-year local control rate
compared to those receiving SRS or SRT alone, although
there was only a trend towards significance on MVA. In
contrast to previous studies, we found no differences in
the rate of DBF or OS between the two cohorts [13, 14].
Unique to our study, the majority of lesions treated
with anti-PDL1 therapies were NSCLC, whereas most
series of concurrent ICI and SRS/SRT include predom-
inantly melanomatous brain lesions. A subset analysis
also demonstrated improved 1-yr local control when
NSCLC lesions received SRS or SRT with ICIL It has
been shown that patients with NSCLC treated with ICI
and brain-directed therapy have inferior survival com-
pared to other histologies [20]. Patients with NSCLC
treated in this series may have succumbed to their sys-
temic disease or competing risk factors for death before
experiencing a distant brain failure. This is one factor
which may explain the lack of benefit in distant brain
control and overall survival with SRS/SRT -ICI in our
study as compared to others. Overall, it appears that pa-
tients treated with SRS or SRT and ICI were treated
more recently (range: 2014-2019) than patients treated
with SRS or SRT alone (range: 2008—2019). This time
discrepancy correlates with the recent surge in usage of
ICI to treat metastatic malignancies [13, 15]. MRI tech-
nology available to patients at our centers has also im-
proved dramatically over a similar time period. The
cohort receiving SRS or SRT with ICI likely received
more modern surveillance MRIs after SRS or SRT with
thinner image slices and volumetric imaging. Therefore



Kowalski et al. Radiation Oncology

(2020) 15:245

Table 1 Patient and Lesion Characteristics

Page 4 of 10

Table 1 Patient and Lesion Characteristics (Continued)

Variables by patient SRS alone SRS-ICI (%) P-value Variables by patient SRS alone SRS-ICI (%) P-value
(%) N =143 N =36 (%) N =143 N =36

Median Follow up 10.3 (5.8, 12.0) 7.7 (42,120) 0.08 Histology <0.001

(@1, a3) Renal cell 14 (49) 15 (15.1)

Median age (q1, g3) 60 (54, 67) 59 (55, 71) 0.65 Melanoma 12 42) 20 (202)

Race Squamous cell 18 (6.3) 10 (10.1)

White % (66) 2602 021 Adenocarcinoma 185 (64.7) 48 (485)
Other 48 (34) 10 (28) Other 57 (199) 6 6.1)

KPS Median Prescription 21 (20, 24) 24 (21, 24) <0.001
80-100 105 (73) 29 (81) 0.38 Dose for SRS
50-70 38 27) 7 (19) (single fraction)

. . Median Biologically 38 (36, 43) 50 (38, 51) 0.002

Primary Site Equivalent Dose
Lung 75 (52) 22 (61) 035 for SRT (multiple

fraction)
Other 68 (48) 14 (39)

Histol . . . . .
istology distant brain failures were likely to be more readily de-
Renal cell 9(63) 3(83) <0001 " tected in this more modern cohort receiving ICI.
Melanoma 30 7(19.5) A local control benefit with ICI has been less com-
Squamous cell 11(7.7) 6 (16.7) monly observed. Analogous to our study, Chen et al. re-
Adenocarcinoma 91 (636) 17 (472) ported a significant improvement in local progression-
Other 29 (203) 3(83) free ‘surV1.val‘\.Nlth concurrent antl—PD} ‘Eherapy which

) ) lost its significance on MVA [15]. Similarly, Cohen-

Active Extra-CNS Disease 036 s g . .

. Inbar et al. reported a significant improvement in local
Extensive 6243 20 66) control among patients treated with SRS before or dur-
Bone only 8 (6) 38 ing anti-CTLA4 therapy cycles compared to patients that
Primary only 41 (29) 9 (25) received SRS after ICI [14].

None 32.22) 411 The definition of concurrent ICI in the literature has

Prior WBRT 001 been inconsistent making it difficult to draw broad con-
v 49 (34 4 0) clusions regarding the optimal timing and sequencing of

es . .
SRS/SRT and ICI. Chen et al. demonstrated a significant

No 94 (66) 32(89) survival benefit among patients receiving ICI within a 2

) . . week window of SRS/SRT [15]. A more recent study re-

Variables by lesion (;sslvalozn;e SR:/-LC :;;/0) Prvalue ported a significant improvement in overall brain re-

T ) 003 sponse and durability of response when SRS was
umor size A . e . .

delivered within 5 half-lives of the ICI, with the greatest
<2am 226 (79) 88 (89) response observed within 1 month [21]. Qian and co-
>2cm 60 (21) nan investigators also demonstrated greater percentage re-

SRS fractions duction in volume of melanoma brain lesions when ICI
Single fraction 203 (71) 77 (78) 019 was given within 1 month of SRS [22]. A recent meta-
Multi-fraction 83 (29) 22 (22) analys.is of 17 stufiies revealed local Control.and survival

, ) was significantly improved when ICI was given concur-
Surgical Resection s

rently versus non concurrently; however the definition

No 265 (93) 93 (54) 067 of “concurrent” was not standardized from study to

Yes 21.07) 6 (6) study [23]. The sequencing of SRS/SRT and ICI appears

Concurrent Systemic therapy 0.007 to be important with several studies demonstrating a
Yes 68 (24) 1nan greater clinical benefit when radiation is given before
No 218 (76) 88 (89) ICI ?s ?orr}pared to after [1?, 14]: F‘urthermore rgcent

Prior WBRT 0.004 studies indicate that the optimal timing of ICI delivery
rior . .

may vary based on the actual agent prescribed [24]. An
ves 108 (37.8) 22(222) ongoing prospective phase II study evaluating the timing
No 178 (62.2) 77 (77.8) of Ipilimumab and SRS in patients with melanomatous

brain lesions will hopefully shed more light on this issue
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Fig. 1 Kaplan Meier comparison between SRS or SRT alone (blue) and SRS/SRT-ICI (red) in terms of a Local control, b Radiation

(NCT02097732). Given the lack of consensus definition
of concurrent immunotherapy in the present literature,
in this series concurrent ICI was defined as that deliv-
ered within 3 months of SRS/SRT to encompass any po-
tential interaction between these two therapies. No
difference in local control or radiation necrosis was
found when a subset analysis was performed of patients

receiving ICI 3 months before or after SRS/SRT. It pos-
sible that the broad definition of “concurrent” in this
study may have precluded the ability to detect a differ-
ence based on timing of administration of ICI.
Importantly, in this series concurrent ICI with SRS/
SRT was not associated with an increased risk of symp-
tomatic radiation necrosis, with a 4% rate of
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Fig. 2 Subset analysis of NSCLC patients. Kaplan Meier comparison between SRS or SRT alone (blue) and SRS/SRT-ICI (red) in terms of a Local

symptomatic RN at 1year. This is consistent with prior
reports demonstrating no increased risk of developing a
high-grade neurologic toxicity or pathologically-
confirmed RN with SRT-ICI [15, 23, 25]. In this study,
we collected and reported rates of symptomatic RN only
as this represents the most clinically relevant toxicity fol-
lowing radiosurgery. This experience adds to the

growing body of evidence suggesting that combining
these two modalities is not associated with increased
risks for toxicity.

There are several limitations of this retrospective ana-
lysis. Patients included may have received prior systemic
therapies and corticosteroids at different durations and
doses which may have impacted the efficacy of
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Table 2 Univariate and multivariate analysis for local failure
Covariate HR (95% Cl) P-value
Univariate
Surgical resection 144 (0.44-4.75) 0.55
Tumor size <2 cm 0.36 (0.17-0.75) 0.01
Concurrent systemic therapy 1.37 (0.64-2.97) 042
Location of metastasis 0 (047-2.54) 083
Histology
Renal cell 040 (0.04-3.55) 041
Melanoma 0.34 (0.04-3.09) 0.22
Squamous cell 167 (0.37-748) 0.50
Adenocarcinoma 1.23 (0.42-3.56) 0.71
Recent Immunotherapy 8 (0.04-0.75) 0.02
Prior WBRT 1.88 (0.94-3.76) 0.08
Multivariate
Recent immunotherapy 0.26 (0.06-1.17) 0.08

Prior WBRT

Tumor size <2 cm

1.66 (0.75-3.67) 0.21
038 (0.17-0.84) 0.02

immunotherapy. In this study, concurrent ICI was de-
fined as within a 3 month window either before or after
SRT. Given the half-life of Anti-PDL-1 agents is approxi-
mately 25days, the time period utilized in this study
may have mitigated the potential distant control benefit
and overall survival benefit of concurrent ICL In this
study, cases of pseuodoprogression were not distin-
guished from radiation necrosis primarily due to the sig-
nificant challenge in distinguishing between these two
diagnoses with imaging alone. Without pathologic con-
firmation, the main differentiator between these two
diagnoses is time, with pseudoprogression most often

Table 3 Univariate and multivariate analysis for radiation necrosis

occurring in the first 12 weeks whereas radiation necro-
sis most often occurs 3 months to several years after
SRT [26]. Similar to grade 1 radiation necrosis, Pseudo-
progression is also generally asymptomatic [26]. There-
fore, to minimize the impact of these confounding
diagnoses on our analysis as much as possible, we chose
to limit our reporting of RN to those that were symp-
tomatic (grade 2 or higher). This study did not include
pathologic evaluation of specimens and clearly there are
inherent limitations when discerning between RN, pseu-
doprogression and local failure based on patients’ clinical
presentations and imaging findings.

Covariate HR (95% Cl) P-value

Univariate
Surgical resection 1.92 (0.57-6.46) 0.29
Tumor size <2cm 0.28 (0.13-0.63) 0.002
Concurrent systemic therapy 1.03 (041-2.59) 0.94
Location of metastasis 1.23 (0.46-3.29) 0.68
Single vs Multi-fraction SRT 1.24 (0.52-2.96) 0.64
Age 0.99 (0.95-1.02) 047
Recent Immunotherapy 0.50 (0.17-1.45) 0.20
Prior WBRT 1.89 (0.86-4.15) 0.11

Multivariate
Recent immunotherapy 0.98 (0.28-3.51) 0.98
Prior WBRT 1.55 (0.56-4.31) 040
Tumor size <2cm 0.24 (0.09-0.64) 0.004
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Conclusion

This experience suggests that SRS/SRT -ICI is safe and
may provide enhanced local control of brain metastases
in a cohort of predominantly NSCLC patients. Large
prospective studies are necessary to elucidate the impact
of combined therapy with SRS/SRT and ICI on distant
brain control and overall survival in this population as

well as improve the understanding of how timing, frac-
tionation and histology may impact the outcome of
these results.
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