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Clinical Investigation

Upfront immunotherapy leads to lower brain metastasis velocity in 
patients undergoing stereotactic radiosurgery for brain metastases
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ABSTRACT

Background: While immunotherapy has been shown to improve survival and decrease neurologic 
death in patients with brain metastases, it remains unclear whether this improvement is due to 
prevention of new metastasis to the brain.

Methods: We performed a retrospective review of patients presenting with brain metastases 
simultaneously with the first diagnosis of metastatic disease and were treated with upfront 
immunotherapy as part of their treatment regimen and stereotactic radiosurgery (SRS) to the 
brain metastases. We compared this cohort with a historical control population (prior to the 
immunotherapy era) who were treated with pre-immunotherapy standard of care systemic therapy 
and with SRS to the brain metastases.

Results: Median overall survival time was improved in the patients receiving upfront immunotherapy 
compared to the historical cohort (48 months vs 8.4 months, p=0.001). Median time to distant 
brain failure was statistically equivalent (p=0.3) between the upfront immunotherapy cohort and 
historical control cohort (10.3 vs 12.6 months). Brain metastasis velocity was lower in the upfront 
immunotherapy cohort (median 3.72 metastases per year) than in the historical controls (median 
9.48 metastases per year, p=0.001). Cumulative incidence of neurologic death at one year was 12% 
in the upfront immunotherapy cohort and 28% in the historical control cohort (p=0.1).
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INTRODUCTION

Brain metastasis velocity (BMV) is a recently 
described metric used to express the rate at which 
patients experience new brain metastases after receiv-
ing upfront stereotactic radiosurgery (SRS).[1] BMV 
has been shown to be prognostic for survival[2,3] and 
predictive of which patients actually die of their brain 
metastases.[1] While BMV has been proposed as a 
potential tool to help triage patients to the proper sal-
vage treatment after upfront SRS failure, it may also 
have the potential to assess the efficacy of systemic 
therapies in their ability to prevent re-seeding of the 
brain with new brain metastases.

In the past several years, immunotherapy (specifi-
cally PDL-1 and PD-1 inhibitors) has improved out-
comes for several different cancer histologies including 
melanoma,[4] lung cancer,[5] and renal cell carcinoma.
[6] In patients with brain metastases from these primary 
cancers, immunotherapy has also been found to improve 
overall survival.[7] One question that has arisen is to what 
degree immunotherapy may affect the ability to control 
brain metastases and prevent the formation of new brain 
metastases. Several studies have been published demon-
strating at least modest activity for immunotherapy agents 
against brain metastases.[8,9] However, data is sparse to 
show whether immunotherapy may decrease the likeli-
hood of new brain metastases forming.

Since the original BMV analysis was published, sev-
eral additional studies have been published looking at how 
immunotherapy may affect the BMV. One recent com-
peting risk analysis in brain metastasis patients receiv-
ing SRS suggested that the improvement in survival seen 
with patients receiving immunotherapy was driven by a 
decrease in neurologic death.[7] Another recent analy-
sis demonstrated that even in the immunotherapy era, a 
high BMV continued to be predictive of the likelihood 
of dying of brain metastases.[10] In both of these series, 
the analyses were underpowered to determine whether 
immunotherapy affected BMV, or if decreased BMV 
may be a mechanism by which immunotherapy leads to 
decreased neurologic death. The aforementioned stud-
ies were also confounded by heterogeneous populations 
with patients receiving immunotherapy at various times 
in the natural history of their cancer.

As immunotherapy has been moved into the upfront 
setting for treatment of multiple metastatic cancers, 

the ability to ask the question of how immunotherapy 
affects BMV is more readily answered. The timing and 
usage of immunotherapy have become more standard-
ized across multiple histologies and is now commonly 
given as primary upfront therapy at the time of metastatic 
cancer diagnosis. In the present study, we sought to ana-
lyze whether the use of upfront immunotherapy in brain 
metastasis patients receiving SRS affects BMV over prior 
standard therapy. We evaluated patients with newly meta-
static cancers and synchronous brain metastases in order 
to control for the timing of immunotherapy relative to the 
diagnosis and treatment of brain metastases. Clinical out-
comes of patients treated with upfront immunotherapy at 
the diagnosis of metastatic cancer and synchronous brain 
metastases were compared to a historical control popula-
tion treated with standard systemic therapy in the era prior 
to immunotherapy.

METHODS

Data Acquisition

This study was approved by the Wake Forest School 
of Medicine Institutional Review Board. The Wake For-
est Gamma Knife brain metastasis database was searched 
to identify patients who were treated with upfront SRS 
without prior whole brain radiation (WBRT). Patients 
were included in the present study if they had a synchro-
nous diagnosis of brain metastasis and metastatic cancer 
and received upfront immunotherapy as part of their sys-
temic treatment regimen within 3 months of their SRS. 
An equivalent number of patients with new diagnosis of 
metastatic cancer and synchronous brain metastases were 
identified in the era prior to 2017 (when upfront chemo-
immunotherapy became a standard treatment option for 
treatment of metastatic disease at our institution) to serve 
as a historical control group. Clinical outcomes were 
determined using the electronic medical records. Patient 
characteristics are summarized in Table 1.

Stereotactic Radiosurgery

Patients were treated on the Gamma Knife Perfex-
ion (Elekta AB, Stockholm, Sweden). A same day MRI 

Conclusion: Upfront immunotherapy appears to improve overall survival and decrease BMV 
compared to historical controls. While these data remain to be validated, they suggest that brain 
metastasis patients may benefit from concurrent immunotherapy with SRS.
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brain was performed on each patient on a 3T MRI (GE 
Healthcare, Chicago, USA). High resolution contrast-
enhanced T1 axial sequences were acquired for each 
patient. Treatment planning was performed on the 
GammaPlan Treatment planning system (Elekta Nor-
cross, GA, USA). Dose prescription was determined 
based upon the size and volume of each lesion, gen-
erally according to the guidelines published by Shaw 
et al for a single fraction treated with irradiated brain 
tumors.[11]

Immunotherapy

Immunotherapies were included in the study if they 
were PDL or PDL-1 inhibitors or anti-CTLA antibod-
ies. PD-1 inhibitors included in this study were pem-
brolizumab and nivolumab. PDL-1 inhibitors in this 
study were durvalumab and atezolizumab. Anti-CTLA 
antibody included in this study was ipilumumab.

Patient Follow-up and Response Assessment

Patients were followed clinically and with an MRI 
of the brain at 6-8 weeks after SRS and then every 3 
months thereafter for the first two years after SRS. Clin-
ical and imaging follow-up was spaced apart thereafter 
if there was no sign of tumor progression. Distant brain 

failure was defined as a new brain metastasis outside 
of the previous SRS target volumes. BMV was defined 
as published by Farris et al.[1] In short, the BMV was 
calculated as the total number of new metastases at time 
of distant brain failure (not including the lesions treated 
at time of initial SRS) divided by the total amount of 
time elapsed since initial SRS. Neurologic death was 
determined based on a definition previously reported by 
McTyre et al.[12]

Statistics

Median follow-up and time to event outcomes 
were determined from the time of SRS. Kaplan 
Meier method was used to calculate overall survival. 
Patients who had not yet had an event were censored 
at the date of their last follow-up. Log rank tests were 
used to evaluate differences in the survival curves by 
treatment type (upfront immunotherapy vs historical  
control). Cox proportional hazards models were created 
using a forward selection process based on a list of pre-
defined baseline covariates. These covariates included 
age, gender, race, primary histology, lowest marginal 
dose delivered at SRS, number of brain metastases at 
time of first SRS. Competing risks analysis was used to  
analyze the cumulative incidence of distant brain fail-
ure and neurologic death. A Kruskal-Wallis test was 
used to compare the brain metastasis velocity between 

Table 1. Patient characteristics
Upfront Immunotherapy 
Group (range/ percent)

Historical Control Group P value

Total number of patients 93 100 N/A
Age 64 (26-88) 65 (31-91) 0.4
Sex (female) 51 (55%) 42 (42%) 0.07
Disease burden
  Widespread
  Oligometastasis
No metastasis (except for brain)

15 (16%)
21 (23%)
57 (61%)

20 (20%)
31 (31%)
49 (49%)

0.2

Primary tumor type
  NSCLC
  RCC
  Melanoma
  SCLC

76 (81.7%)
7 (7.5%)
8 (8.6%)
2 (2.2%)

81 (81.0%)
13 (13.0%)

4 (4.0%)
2 (2.0%)

0.4

Median number intracranial lesions 2 (1-22) 2 (1-9) 0.0015
Lowest SRS margin dose 18 (12.5-30) 20 (8-25) 0.2
NSCLC=Non-Small Cell Lung Cancer; RCC=Renal Cell Cancer; SCLC=Small Cell Lung Cancer
p-values are from Chi-square test or Kruskal-Wallis test
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patients receiving upfront immunotherapy versus the 
historical controls.

RESULTS

Survival and Neurologic Death

Kaplan Meier analysis was performed to assess over-
all survival time. Kaplan Meier plots for overall survival 
in the upfront immunotherapy and historical control 
cohorts are demonstrated in Figure 1. Overall survival in 
the upfront immunotherapy cohort was 91% at 3 months, 
84% at 6 months and 79% at 12 months. Overall survival 
in the historical control cohort was 74% at 3 months, 
59% at 6 months and 35% at 12 months. Median overall 
survival time was significantly improved in the patients 
receiving upfront immunotherapy compared to the his-
torical non-upfront immunotherapy cohort (48 months vs 
8.4 months, respectively; log rank p=0.001).

Cox proportional competing risk model was per-
formed to estimate time to neurologic death. Cumula-
tive incidence plots for neurologic death are depicted in 
Figure 2. Cumulative incidence of neurologic death at 
one year was 12% in the upfront immunotherapy cohort 
and 28% in the historical control cohort. There was a 
trend in increased time to neurologic death in favor of 
the patients receiving immunotherapy (p=0.1).

Patterns of Failure

Kaplan Meier analysis was performed to assess time to 
distant brain failure. Distant brain failure for patients in the 

upfront immunotherapy cohort was 9% at 3 months, 28% 
at 6 months and 57% at 12 months. Distant brain failure 
for patients in the historical control cohort was 19% at 3 
months, 41% at 6 months and 49% at 12 months. Median 
time to distant brain failure was statistically equivalent 
between the upfront immunotherapy cohort and historical 
control cohort (10.3 vs 12.6 months, respectively; p=0.3).

Kruskal-Wallis test was used to compare the brain 
metastasis velocity between patients receiving upfront 
immunotherapy versus the historical controls. Brain metas-
tasis velocity was higher in the historical controls (median 
9.48 metastases per year) than in the upfront immunother-
apy cohort (median 3.72 metastases per year, p=0.001).

Predictive Factors

Cox proportional hazards regression was performed 
to determine if any factors were predictive of overall 
survival. Results of the Cox analysis are depicted in 
Table 2. In summary, a greater number of brain metas-
tases (HR = 1.1, p=0.001) and lack of immunotherapy 
(HR = 4.4, p<0.001) were the factors that adversely 
affected overall survival.

DISCUSSION

BMV has emerged as a potential biomarker to help 
assign patients to a proper salvage treatment after dis-
tant brain failure from upfront SRS. The presently 
accruing NRG BN009 study is using high and inter-
mediate BMV as an entrance criterion to help deter-
mine the proper salvage regimen (WBRT-based or SRS 

Figure 1. Kaplan Meier plots for overall survival of 
patients receiving upfront immunotherapy as part of 
their systemic therapy regimen vs historical controls 
who did not receive upfront immunotherapy.

Figure 2. Cumulative incidence plots for time to 
neurologic death using competing risk analysis 
comparing patient cohort receiving upfront 
immunotherapy vs. historical controls.
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alone). The goal of BN009 is to determine if a WBRT-
based approach can mitigate neurologic death associ-
ated with a higher risk strata BMV. While previously 
published series have recognized the potential value of 
BMV as a prognostic marker in the setting of distant 
brain failure after SRS, the present series represents the 
first study to demonstrate that a class of systemic agents 
can reduce BMV.

Several studies have demonstrated the ability of sys-
temic agents to modulate brain metastasis outcomes. 
Targeted agents have been shown to decrease the likeli-
hood of local failure of SRS.[13,14] Concurrent cyto-
toxic chemotherapy has also improved local failure in 
previous series.[15] Multiple series have shown that 
brain metastasis patients with cytogenetic variants that 
are targetable by systemic agents can lead to prolonged 
survival in these patients and lead to fewer distant brain 
failures.[16,17,18] No prior series have demonstrated 
systemic agents’ ability to reduce BMV.

Reduction of BMV may be a clinically significant 
outcome because patients with BMV of 4 metastases/
year or less have been shown to have a decreased like-
lihood of dying of neurologic death.[1] In the present 
series, the median BMV in the upfront immunother-
apy cohort was less than 4, which is the lowest risk 
cohort in the Farris analysis. The median BMV in the 
historical cohort was twice that of the immunother-
apy cohort. Patients with BMV less than 4 have been 
considered good candidates for repeat SRS. As such, 
patients treated with upfront immunotherapy would be 
considered to have a greater ability to avoid ultimate 
WBRT,[19] and instead have new brain metastases 
treated with serial applications of SRS. As depicted 
in Figure 2, the present series shows a correspond-
ing strong trend towards decrease of neurologic death 
(particularly in the first 2 years after diagnosis) in the 
patients treated with upfront immunotherapy.

A series published by Lanier et al has suggested that 
the mechanism by which immunotherapy improves sur-
vival in patients with brain metastases is by the reduc-
tion of neurologic death.[7] In the study by Lanier, 
non-neurologic death was statistically equivalent 
between patients who had immunotherapy exposure 
and those that did not, but neurologic death was sig-
nificantly decreased by treatment with immunotherapy. 
The major limitation of the Lanier study was that there 
was a heterogeneity with regards to when immuno-
therapy was given (representing multiple different 
times during the natural history of a patient’s disease 
process). This limitation led to an inability to detect 
whether immunotherapy affected BMV as it was not 
necessarily given concurrently with SRS. The present 
study was designed specifically to include only patients 
who had newly diagnosed metastatic cancers synchro-
nous with newly diagnosed brain metastases so that 
use of upfront immunotherapy could be assessed in a 
normalized time point in the natural history of patients’ 
cancers. When controlling for this variable, the effect of 
immunotherapy on BMV was quite apparent.

It had been assumed that BMV represents a surro-
gate for the ability to control systemic metastases as 
better control of extracranial disease leads to lower 
numbers of metastases re-seeding the brain. However, 
it may be that some systemic agents actually have activ-
ity on microscopic metastatic disease in the brain to 
decrease the number of brain metastases that ultimately 
become clinically detectable on MRI. Several previ-
ously published series have suggested CNS activity 
of immunotherapy using either a combination immu-
notherapy regimen[9] or single agent immunotherapy 
for small asymptomatic metastases.[8] A recent report 
from France showed that patients with advanced mela-

Table 2. Predictive factors for overall survival
Factors HR (95% CI) P-value
Age 1.1 (0.9-1.3) 0.3

Gender (Female VS Male) 1 (0.7-1.5) 0.9
Higher number of 
metastases at first GK

1.1 (1.0-1.1) 0.001

Lowest GK dose 1.0 (0.9-1.1) 0.9
Primary diagnosis
  Lung VS Melanoma
  Renal VS Melanoma

1.2 (0.5-3.1)
1.9 (0.7-5.5)

0.6
0.2

Upfront immunotherapy 0.2 (0.1-0.4) <0.0001
CI: confidence interval; GK: Gamma Knife; HR: hazard  
ratio Figure 3. Cumulative incidence plots for time to distant 

brain failure using competing risk analysis comparing 
patient cohort receiving upfront immunotherapy vs. 
historical controls.
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noma with no prior brain metastases experienced lower 
rates of developing brain metastases when treated with 
immunotherapy.[20] The present study is unfortunately 
not designed to be able to distinguish the difference 
between control of systemic disease versus actively 
treating microscopic disease. However, several coop-
erative group studies are presently being designed to 
evaluate the role of immunotherapy alone for patients 
with brain metastases. It will be helpful to assess BMV 
in these studies.

There are several limitations to the present study. 
First of all, as a retrospective series performed at a sin-
gle institution, this study is susceptible to patient selec-
tion bias. As such, the findings should be considered to 
be hypothesis generating and will need to be validated 
by an independent dataset. The decision to use patients 
with simultaneously diagnosed brain metastases and 
metastatic cancer was made in order to standardize the 
timing of upfront immunotherapy to be within 3 months 
of SRS so that we could best approximate the effect 
of immunotherapy on the development of new brain 
metastases. A potential consequence of this is that it 
has enriched the population studied with patients whose 
cancers are more likely to metastasize to the brain.

CONCLUSION

Upfront immunotherapy appears to decrease BMV 
compared to historical controls. While these data 
remain to be validated, they suggest that brain metas-
tasis patients may benefit from concurrent immunother-
apy with SRS when that is an option for the treatment 
of their metastatic disease.
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