Journal of Neuro-Oncology (2022) 157:101-107
https://doi.org/10.1007/s11060-022-03951-7

CLINICAL STUDY q

Check for
updates

Local control outcomes for combination of stereotactic radiosurgery
and immunotherapy for non-small cell lung cancer brain metastases

Mohammed Abdulhaleem™'°® . Hannah Johnston? - Ralph D’Agostino Jr. - Claire Lanier? - Michael LeCompte* -
Christina K. Cramer? - Jimmy Ruiz' - Thomas Lycan' - Hui-Wen Lo® - Kuonosuke Watabe® - Stacey O'Neill® -
Christopher Whitlow’ - Jaclyn J. White® - Stephen B. Tatter® - Adrian W. Laxton® - Jing Su® - Michael D. Chan?

Received: 28 November 2021 / Accepted: 20 January 2022 / Published online: 15 February 2022
© The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of Springer Nature 2022

Abstract

Background Previous series have demonstrated CNS activity for immune checkpoint inhibitors, yet no prior data exists
regarding whether this activity can improve outcomes of stereotactic radiosurgery.

Methods In this single institution retrospective series, the clinical outcomes of 80 consecutive lung cancer patients treated
with concurrent immune checkpoint inhibitors and stereotactic radiosurgery were compared to 235 in the historical control
cohort in which patients were treated prior to immune checkpoint inhibition being standard upfront therapy. Overall survival
was estimated using the Kaplan Meier method. Cumulative incidence of local progression was estimated using a competing
risk model.

Results Median overall survival time was improved in patients receiving upfront immunotherapy compared to the histori-
cal control group (40 months vs 8 months, p<0.001). Factors affected overall survival include concurrent immunotherapy
(HR 0.23, p<0.0001) and KPS (HR 0.97, p=0.0001). Cumulative incidence of local failure in the historical control group
was 10% at 1 year, compared to 1.1% at 1 year in the concurrent immunotherapy group (p=0.025). Factors affected local
control included use of concurrent immunotherapy (HR 0.09, p=0.012), and lowest margin dose delivered to a metastasis
(HR 0.8, p=0.0018).

Conclusion Local control and overall survival were both improved in patients receiving concurrent immune checkpoint
inhibitors with radiosurgery compared to historical controls. While these data remain to be validated, they suggest that brain
metastasis patients may benefit from concurrent use of immunotherapy with SRS.
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Introduction

The increasing use of immunotherapy in the metastatic
cancer population has led to a larger number of patients
receiving the combination of immunotherapy and ste-
reotactic radiosurgery (SRS) for brain metastases. It is
estimated that 44% of patients with metastatic cancer are
eligible to receive immune checkpoint inhibitor therapy
[1]. Moreover, over 25% of the 180,000 brain metastasis
patients in the US every year are treated with SRS [2,
3]. Non-small cell lung cancer (NSCLC) patients repre-
sent 50% of patients with brain metastases [4]. Moreover,
immunotherapy has moved into the upfront setting for
standard treatment of newly diagnosed metastatic disease
for NSCLC [5]. The combination of SRS with immune
checkpoint inhibitors has recently been found to be associ-
ated with improved survival outcomes [6], lower incidence
of new brain metastases [7], decreased need for salvage
treatments [8], but also an increased toxicity associated
with treatment [9]. Because of the evolution in patient
outcomes due to this combination, it is imperative that
studies continue to assess the entire spectrum of clinical
outcomes to determine whether the combination of SRS
and immunotherapy may change outcomes from what has
classically been seen in clinical practice.

One aspect of immune checkpoint inhibitors treatment
that has garnered a significant amount of interest is their
ability to independently lead to a response from brain
metastases. A recent phase II study of patients with brain
metastases from melanoma treated with combined ipili-
mumab and nivolumab without any radiotherapy demon-
strated a response rate of 56% [10]. Another study which
included both melanoma and non-small cell lung cancer
patients with non-treated brain metastases demonstrated a
22% and 33% response rate for melanoma and lung cancer
brain metastases, respectively [11]. While the response
rates from immune checkpoint inhibitors are inferior to
those seen with SRS, the main goal of immunotherapy in
NSCLC patients is to treat systemic disease, while SRS is
utilized to control intracranial disease.

The question that arises given the concurrent use of
immune checkpoint inhibitors with SRS is whether such
concurrent use may improve the efficacy of SRS. Several
series have previously been published showing that the
use of systemic therapy such as small molecule targeted
agents [12, 13] as well as cytotoxic chemotherapy [14] can
improve the local efficacy of SRS. While the efficacy of
SRS for the NSCLC brain metastasis population is good
[15], there are subpopulations that are at higher rate of
local progression after SRS including those with resection
cavities [16] and larger tumors [17]. Given the previous
published activity of immune checkpoint inhibitors given
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as monotherapy and the ability of other classes of systemic
agents to improve the local efficacy of SRS, we attempted
to assess the ability of immune checkpoint inhibitors to
improve SRS local control in NSCLC brain metastasis
population. To this end, we conducted the present study
to assess the local control outcomes of SRS in conjunction
with concurrent immune checkpoint inhibition compared
to a historical control population of NSCLC patients who
were treated in the era prior to upfront immunotherapy
use.

Methods
Data acquisition

This study was approved by the Wake Forest School of
Medicine institutional review board. Patients who received
immune checkpoint inhibitors concurrently (within 30 days
either before or after) with SRS were identified within our
institutional prospective radiosurgery database. PD-1 inhibi-
tors and PD-L1 inhibitors were considered to be immune
checkpoint inhibitors. A historical control population was
identified as patients treated with the same histologies
for which immune checkpoint inhibition is used, but that
was treated in the era prior to immune checkpoint inhibi-
tors becoming standard of care upfront therapy. Patients
were included in the study if they would be eligible for an
upfront immunotherapy-based regimen according to the
modern standard of care (as such, patients with targetable
mutations who would be treated with upfront targeted agents
and not immunotherapy would be ineligible). Patients were
excluded from both cohorts of the study if they had previ-
ously received whole brain radiotherapy or previous immune
checkpoint inhibition that was more than 1 month from SRS.
Clinical and imaging outcomes were determined via the
electronic medical records.

Stereotactic radiosurgery

SRS was performed on the Gamma Knife Perfexion Unit
(Elekta AB, Stockholm, Sweden). Patients were treated with
a headframe fixation. Patients underwent same day MRI on
a 3 Tesla scanner (GE Healthcare, Chicago, USA). Treat-
ment planning was performed on the GammaPlan Treatment
Planning System. Dosing of metastases was done using the
guidelines from the RTOG 90-05 study [18] (Figs. 1 and 2).

Patient follow-up and response assessment
Patients underwent a follow-up MRI of the brain approxi-

mately 6-8 weeks after SRS, and then every 3 months there-
after for approximately 24 months. After that, follow-up
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MRI’s were spaced out to every 4—6 months so long as there
was no evidence of tumor progression.

Local progression was determined as a pathologically
proven recurrence of cancer within the prior SRS treat-
ment volume or by imaging criteria previously described
[19]. If pathological confirmation was not available,
patients with suspected treatment failure were followed
with serial imaging and treated conservatively with steroid
therapy if symptoms were present. Imaging recurrence was

determined by a 25% increase in the size of the lesion,
or serial increases in the size of enhancement with cor-
responding increases in perfusion on perfusion weighted
imaging sequences. In patients experiencing post-SRS
symptoms, dexamethasone was generally prescribed 4 mg
twice daily for mild symptoms, while 4 mg three times
daily was prescribed for more significant symptoms or
neurologic dysfunction.
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Statistics

Descriptive statistics (means, standard deviations for con-
tinuous measures and counts/percentages for categori-
cal variables) were calculated for all participants in each
group. Continuous variables were compared between the two
groups using 2-sample t-tests and categorical measures were
compared using Chi-square tests. Next, overall survival was
estimated using the Kaplan—Meier approach and the groups
were compared using Log-Rank tests. Cox proportional
hazards regression models were fit to identify factors that
affected overall survival. First a model was fit that included
age, gender, race, KPS, extent of extracranial disease, lowest
marginal dose delivered and number of metastases treated
at SRS. Next, a stepwise selection process was used to re-fit
the multivariate model including only variables that were
significant at p=0.05. Cumulative incidence of local pro-
gression was estimated using Fine and Gray’s methodology
[20]. A competing risk model was developed to estimate
the single variable subdistribution hazard ratio associated
with predictors of local recurrence. Using this approach,
we examined the impact of the covariates listed above in
predicting local recurrence. In order to account for poten-
tial imbalances in baseline characteristics, we performed a
subsequent sensitivity analysis to examine overall survival
and the competing risk model for local recurrence using a
propensity score adjusted approach [21]. In these analyses,
we fit the propensity score for the conditional probability
of being in the experimental group by including age, gen-
der, number of metastases treated at SRS, lowest marginal

Table 1 Patient characteristics

dose delivered, KPS, extent of extracranial disease, and cra-
niotomy (yes/no) as covariates. We then assessed balance
between groups after adjusting for propensity score quintile
(Table 1), and subsequently fit the overall survival and com-
peting risk models adjusting for propensity score quintile
to allow for group comparisons to be made accounting for
the non-randomized nature of this data. Statistics were per-
formed using SAS v9.4 software.

Results
Patient characteristics

A total of 80 NSCLC patients in the immunotherapy
cohort who were treated with SRS between 10/16/2014
and 9/6/2019. These patients received immune checkpoint
inhibitors within 30 days of having SRS for brain metasta-
sis (n=380). A total of 235 patients in the historical control
group between 2/7/2003 and 3/1/2017 who were treated
with SRS without immunotherapy for brain metastases from
NSCLC. A summary of patient characteristics is located in
Table 1. Group comparisons after propensity score quintile
adjustment are also shown in Table 1.

Survival and local control
Kaplan Meier method was used to estimate overall survival

in both the historical control group and the cohort receiv-
ing upfront immunotherapy concurrently with SRS. Median

Immunotherapy Historical control ~ p value p-value after Propensity
group (SD/%) group (SD) Score Quintile Adjustment
Age 63.7 (10.1) 66.6 (10.9) 0.03 0.81
Sex (female vs male) 48 (60.0) 110 (46.8) 0.052 0.52
Race (white vs non-white) 65 (81.3) 209 (88.9) 0.085 0.90
KPS 81.4(7.2) 81.2(7.2) 0.88 0.80
Disease burden
Widespread disease 16 (20.2) 28 (11.9) 0.03 (oligo vs other) 0.99 (Oligo VS other)
Oligometastases 15 (15.8) 73 (31.1) 0.51 (No metastasis vs other) 0.49 (no metastasis vs other
No metastasis* 49 (61.2) 134 (57.0)
Number of Metastases at SRS 4.61 (5.02) 2.22 (1.54) <0.001 0.0075
Lowest SRS margin dose 18.6 (2.6) 194 (2.6) 0.02 0.89
Craniotomy (yes/no) 19 (23.8) 51 (21.7) 0.70 0.60
Immunotherapy agents N/A N/A N/A
Pembrolizumab 64 (80%)
Nivolumab 12 (15%)
Atezolizumab 3.0 (4%)
Durvalumab 1.0 (<1%)

*Patients had metastasis to the brain only without other systemic disease
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survival for the historical control group was 8 months. Over-
all survival at 6, 12 and 24 months for the historical con-
trol group was 57%, 36% and 14%, respectively. Median
survival for the concurrent immunotherapy group was
40 months (which was statistically superior to the histori-
cal control arm, log rank p <0.001). Overall survival at 6,
12 and 24 months for the concurrent immunotherapy group
was 83%, 78% and 59%, respectively. These results were
not changed after adjustment for propensity score quin-
tile (p <0.001 for group comparison based on Log-Rank
statistic).

Fine Gray method was used to perform a competing
risks analysis to account for the competing risk of death in
determination of the local control. Cumulative incidence of
local failure at 6, 12 and 24 months for the historical control
group was 5.7%, 10.0% and 15.7%, respectively. Cumula-
tive incidence of local failure at 6, 12 and 24 months for
the concurrent immunotherapy group was 0.6%, 1.1% and
1.7%, respectively (p=0.025, overall). After propensity
score quintile adjustment these results remained consistent
(p=0.028, overall adjusted).

Factors affecting overall survival and local control

Results of multivariate analyses are summarized in Table 2.
Multivariate cox proportional hazard regression identified
factors that affected overall survival. Factors that affected
overall survival included use of concurrent immunotherapy
(HR 0.285, 95% C10.19-0.43 (p<0.0001), extent of extrac-
ranial disease: oligometastatic (HR 1.37,95% CI 1.01-1.85),
widespread (HR 1.86, 95% CI 1.24-2.81), p=0.005) and,
KPS (HR 0.97, 0.0001).

Multivariate competing risks analysis identified increased
hazard of local failure. Factors that affected local control
included use of concurrent immunotherapy (sHR 0.12, 95%
CI 0.011-0.568 p=0.012), older age (sHR 0.97, 95% CI

0.95-0.996 per year, p=0.023) and lowest margin dose
delivered to a metastasis (SHR 0.798, 95% CI 0.69-0.92,
p=0.0018).

Toxicity

A Fisher exact test was performed to assess the difference in
risk of grade 3 adverse radiation effect. The risk of grade 3
adverse radiation effect was 3% in patients receiving immu-
notherapy and 1% in patients not receiving immunotherapy
(p=0.15).

Discussion

The mechanism by which immune checkpoint inhibitors
may affect the local control of radiosurgery is likely due
to immune cell infiltration into tumors [22]. At this time,
it is not entirely clear why some tumors of the same histol-
ogy will respond well to immunotherapy, while others do
not. Some of this variability is likely due to the differen-
tial expression of the PD-L1 antigen on tumor cells [23].
However, it is unlikely that this effect can be completely
explained by PD-L1 expression as some PD-L1 negative
tumors may still respond to immune checkpoint inhibitors
[24]. While immune cell trafficking into the central nervous
system is generally rare, the immune system has developed
a means for crossing of the blood brain barrier, and this
process can seemingly be upregulated in disease states such
as cancer and inflammation [25, 26].

The present series represents a significant advancement
in the literature for patients with brain metastases. The local
control rate for the cohort treated with concurrent immu-
notherapy represents among the best previously reported
in the scientific literature for SRS. If these results can be
validated by an independent dataset, they could suggest that

Table 2 Multivariate analyses
of factors affecting survival and
local control

Multivariate variable

Overall survival

Local control (accounting for
competing risk of death)

Hazard ratio (CI) p value Hazard ratio (CI) p value
Age 0.995 (0.98-1.01) 0.49 0.976 (0.95-1.002) 0.066
Sex 0.999 (0.76-1.32) 0.99 1.01 (0.48-2.11) 0.98
Race 0.736 (0.48-1.13) 0.16 0.54 (0.198-1.47) 0.23
KPS 0.97 (0.95-0.99) 0.0035 1.032 (0.97-1.09) 0.28
Disease burden 0.015 0.87
Oligometastatic 1.37 (1.01-1.87) 0.046 1.18 (0.51-2.73) 0.70
Widespread 1.73 (1.13-2.63) 0.011 1.24 (0.37-4.24) 0.73
Number of metastases at SRS 1.051 (0.999-1.11) 0.055 0.858 (0.70-1.05) 0.13
Lowest SRS margin dose 1.003 (0.95-1.06) 0.90 0.80 (0.69-0.93) 0.003
Concurrent immunotherapy 0.225 (0.138-0.367) <0.0001  0.094 (0.013-0.70) 0.02

CI confidence interval
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immunotherapy should be used concurrently with SRS, par-
ticularly in the setting where local control from SRS may be
suboptimal (e.g. larger lesions). In the future Immune check-
point inhibition alone may represent an option to assess in
clinical trials both in the definitive and adjuvant setting
for brain metastases. For example, patients with numerous
lesions may best be an ideal population to asses in an attempt
to avoid or postpone WBRT.

As the use of SRS has expanded greatly over the past
decade, several additional clinical scenarios have arisen in
which SRS alone is potentially inadequate for treatment of
CNS disease. Patients with leptomeningeal disease gener-
ally have suboptimal results when treated with SRS alone
[27]. This is due to the likelihood that SRS insufficiently
targets disease given a diffuse disseminated pattern of spread
in which the abnormality seen on MRI underestimates the
extent of disease. Moreover, adjuvant treatment of resection
cavities after surgical removal of brain metastases yields a
moderate risk of treatment failure adjacent to the SRS field,
particularly when the cavity size is greater than 3 cm [28].
Again, targeting may be insufficient in these cases as iden-
tifying the region in which tumor will recur, particularly
when up against the volume constraints of large cavities,
can be challenging. These clinical scenarios represent ones
in which an adjuvant therapy could improve the therapeutic
ratio of SRS by potentially having activity against micro-
scopically occult disease that may have been insufficiently
targeted and treated by SRS.

Larger volume lesions have a higher rate of local progres-
sion after SRS alone [18], and they also have a higher rate
of radiation necrosis when immune checkpoint inhibitors
are used concurrently [9]. Clinical trials are presently being
developed to determine if hypofractionated radiotherapy
may be able to decrease the likelihood of radiation necro-
sis when immunotherapy is being used concurrently with
treatment of brain metastases [9]. Another option, given the
biologic activity seen with the usage of concurrent immune
checkpoint inhibitors, is to de-escalate the biologic doses of
radiation delivered to brain metastases. This paradigm of
dose de-escalation has been used successfully to mitigate
toxicity in other cancer subtypes such as HPV positive head
and neck cancers [29]. Elucidation of biomarkers for brain
metastasis immunotherapy response may first be necessary
for such an approach, but this may be on the horizon [30].

There are several limitations of the present study. As
a retrospective review, its result are limited to hypothesis
generation and are subject to patient selection biases. How-
ever, in order to address the selection bias limitation we used
propensity score methods to adjust for baseline imbalances,
and examined the main findings of the paper adjusting for
propensity score quintiles. It should be noted that the pro-
pensity score adjustment was able to balance all baseline
covariates except for the number of metastases at SRS which
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remained unbalanced between groups even after propensity
score adjustment. However, this measure was imbalanced
in favor of the control group (i.e. fewer metastases in the
control group when compared to the experimental group
after adjustment 2.6 (control) vs 3.5 (experimental) which
would suggest that the estimates from our survival mod-
els would be conservative. In addition, the cohort receiving
immunotherapy experienced very few local failure events. It
is unclear if with greater amount of follow-up, there would
be late local failures that would ultimately develop. Moreo-
ver, the lack of long term follow-up also affected the abil-
ity to assess for differences in late toxicities, as it is known
that radiation necrosis events can be seen several years after
SRS [31]. The toxicity difference seen in the present study
was nearly statistically significant, and with a greater follow-
up time, it may ultimately show a difference as has been
seen in other series assessing toxicity of immunotherapy
and SRS. In addition, patients were scanned using multiple
MRI protocols and scanners over the course of the study
(including with multiple magnet strength scanners and
varying relaxivity of gadolinium agents). These differences
may have affected the timing and sensitivity to early local
failures. Moreover, some patients were determined to have
local failure based on imaging alone. While multiple scans
were generally used to determine a local failure if pathology
was not available, this technique is imperfect. In spite of the
limitations, the present series strongly suggests that there is
a synergy between SRS and immune checkpoint inhibitors
in the local treatment of brain metastases. While these data
remain to be validated prospectively, they may have clini-
cal utility for patients with higher risk of local failure from
SRS alone.
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