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Abstract
Introduction: With the diminishing use of whole-brain radiotherapy (WBRT), there is increasing debate
regarding the maximum number of brain metastases that should be treated with stereotactic radiosurgery
(SRS). In patients with >10-15 lesions, some groups are proposing a new approach - selected-lesion SRS (SL-
SRS) - where only a subset of intracranial lesions are chosen for irradiation. This study is an initial look into
this practice.

Methods: This is a cross-sectional exploratory survey study. A survey of 19 questions was created by the
International Radiosurgery Research Foundation (IRRF) using open-ended and multiple-choice style
questions on SL-SRS practices and indications with the goal of qualitatively understanding how SL-SRS is
being implemented worldwide. The survey was distributed to physicians in the United States (US) and
internationally who are members of the IRRF and who perform SRS frequently. Ten out of 50 IRRF
institutions provided responses reflecting the practices of 16 physicians.

Results: SL-SRS is being performed at 8/10 institutions. The most common reasons for using SL-SRS
included patients with prior WBRT, patients with progressing systemic disease with central nervous system
(CNS)-penetrating or immunotherapies available, specific requests from medical oncology, and cooperative
studies using this approach. Lesion size was cited as the most important factor when choosing to irradiate
any single lesion. The majority of respondents reported 30 mm and 40 mm as size cutoffs (by largest
dimension) for treatment of a lesion in eloquent and non-eloquent locations, respectively. Eloquence of
lesion location and attributable symptoms were also considered important. Progression of untreated lesions
was the most common reason reported for bringing patients back for additional treatment.

Conclusion: The responses to this survey show that SL-SRS is being used, allowing for small/asymptomatic
brain metastases to be left safely unirradiated. It is currently used in patients who have >10-15 lesions with
prior WBRT, those with progression of extracranial disease but with acceptable systemic treatment options,
and those with poor functional status. The incorporation of this new approach into clinical trials should be
considered for the safe study of the efficacy of new CNS-penetrating systemic therapies.

Categories: Radiation Oncology, Neurosurgery, Oncology
Keywords: neuro oncology, central nervous system metastasis, brain met, gamma knife (gk) radiosurgery, radiation
oncology neurosurgery, neurosurgery oncology, stereotactic radiosurgery srs

Introduction
Intracranial stereotactic radiosurgery (SRS) has become the mainstay initial and salvage treatment for most
patients with brain metastases, both singular and multiple [1-2]. SRS offers both effective local control and
fewer side effects compared with whole-brain radiotherapy (WBRT) [3]. Most evidence supports the use of
SRS for up to 10-15 brain metastases [4-7]. However, some argue that all brain metastases (regardless of
number) should be treated with SRS [8-10]. Ultimately, the cutoff number for metastatic lesions treatable
using SRS varies across institutions and is often influenced by the patient's functional status, expected
duration of patient survival, local technological capability, and patient and physician level of concern about
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WBRT toxicity.

Given the trend away from using WBRT [2], there has been increasing discussion of an alternate treatment
strategy for patients with >10-15 brain lesions by targeting only a select subset of the imaging-defined
tumors with SRS - so-called selected-lesion SRS (SL-SRS). The rationale behind this strategy is that multiple
brain metastases usually reflect uncontrolled systemic disease with a likely poor prognosis. SRS would,
therefore, only be used to treat symptomatic lesions or lesions at “high risk” for becoming symptomatic
while the efficacy of a new systemic therapy is tested - leaving small and “low risk” lesions to be observed
and irradiated later if needed if the patient had a good systemic outcome.

Traditionally, this approach was considered in patients who had prior WBRT and who presented with >10-15
metastases. In order to avoid repeat WBRT and its risk of neurotoxicity [3,11-14], SRS was considered for the
treatment of only larger, rapidly progressive, or symptomatic lesions thereby constituting SL-SRS.

More recently, SL-SRS has been proposed in patients without prior WBRT treatment in the context of newer
and more available systemic therapy options with some degree of central nervous system (CNS) penetration.
With this treatment philosophy, asymptomatic brain metastasis can, therefore, be left unirradiated and
instead monitored radiographically as a patient continues systemic therapy. As it currently stands, this
approach is in direct contradiction to the standard approach to treatment of CNS metastatic disease. As
such, there is no prospective literature to guide SL-SRS practices, including indications for SL-SRS and
which lesions should be chosen for treatment. Therefore, we surveyed clinicians skilled in SRS at high-
volume centers on their experience and approach to SL-SRS, including factors they used to decide how many
and which lesions to treat.

Materials And Methods
This was a cross-sectional exploratory survey study developed by members of the International Radiosurgery
Research Foundation (IRRF) with the goal of understanding current opinions on SL-SRS. The IRRF is a non-
profit scientific and educational entity consisting of neurosurgeons, radiation oncologists, and medical
physicists at academic and clinical centers that perform SRS, track outcomes, and develop research
proposals and clinical trials surrounding SRS. Membership to the IRRF is reviewed by a Board of Directors.
The 19-question survey was generated by IRRF members and distributed via e-mail to all IRRF-participating
centers (Table 1). Participation in IRRF-generated projects is optional to all IRRF members. IRRF members
respond to IRRF-generated projects if they have applicable data.

 Question
Answer
choices

 Question Answer choices

Q1
Is your center located in
the USA? If not, in which
country are you located?

 Q11

Are there any
established
clinical
indications for
selected lesion
SRS at your
institution?

Y/N

Q2

Total number of cases
treated with radiosurgery
at your institute last year
(2021).

 Q12

Are there
research
protocols in your
institution that
would take
priority over a
selected lesion
approach for
patients with
multiple brain
metastases?

Y/N

Q3

Number of brain
metastases patients
treated with radiosurgery
per year

 Q13

Are there clinical
trials at your
institution that
specifically
request selected
lesion SRS in
order to study
the effect of a
drug in CNS?

Y/N
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Q4

Does your institution
have a formal or informal
upper limit on the number
of brain metastases
treatable with SRS (in 1-
5 fractions)?

Y/N Q14

In a patient with
biopsy-proven
carcinoma and
>15 previously
radiosurgically
treated brain
metastases,
please mark all
the factors that
would
encourage you
to consider the
selected lesion
SRS.

a) Age <50 b) Patient good functional status (ECOG 0/1 or
KPS>70) c) Radioresistant pathology d) Refusing WBRT e) Prior
WBRT f) One prior SRS treatment within 3 months g) One prior
SRS treatment >1 year previously h) Multiple prior SRS treatments
i) Lesions located in critical locations e.g. brainstem j) Symptomatic
brain metastases amenable to SRS k) Stable systemic disease with
>20 brain metastases l) Progressing systemic disease & no good
standard systemic therapy options available m) Progressing
systemic disease & CNS penetrating drug option available n)
Progressing systemic disease & immunotherapy option available o)
Progressing systemic disease & clinical trial options available p)
Other

Q5
If yes to Q4, then what is
the upper limit number?

 Q15

Rank in order of
importance the
factors that your
center would
use to choose
any single lesion
for SRS if
offering selected
lesion SRS 

a) Lesion location b) Lesion size c) Distance from any prior SRS d)
Focal Signs/ Symptoms e) Perilesional edema

Q6

What percentage of your
SRS-treated brain
metastases patients had
this # of lesions treated at
the time of SRS? Each
treatment should be
considered a new
instance for those
patients who had two or
more SRS sessions in
the calendar year 2021.

a) 1-4
b) 5-10
c) 11-15
d) 16-20
e) 21+

Q16

In addition to the
medical
indications,
which of the
following
practice
indications
might sway you
to agree to
selected lesions
SRS:

a) Specific request by medical oncology b) Current center logistical
capabilities of SRS treatment c) Insurance approval for a limited
number of lesions d) Patient reliability e) Cooperative studies in this
topic f) Other 

Q7
Which machine(s) does
your institute use for
SRS?

GK
and/or
LINAC
SRS

Q17

What is your
cutoff size
(largest
dimension, or
volume) for SRS
for lesions in
eloquent areas
such as the
brainstem or
motor cortex?

a) 5mm/0.065cc b) 10mm/0.52cc c) 20mm/4.19cc d) 25mm/8.18cc
e) 30mm/14.14cc f) No cutoff

Q8

Percentage of cases
treated with frame or
mask-based
immobilization or
combination.

 Q18

What is your
cutoff size for
SRS for lesions
in non-eloquent
areas (largest
dimension, or if
volumetric cut
off, diameter of
equivalent
circle)?

a) 10mm/0.52cc b) 20mm/4.19cc c) 25mm/8.18cc d) 30mm/14.14cc
e) 40mm/33.51cc f) No cutoff

Q9

Percentage of cases
treated with single
fraction SRS,
hypofractionated SRS,
combined single
fraction/hypofractionation.

 Q19

If selected
lesion SRS was
performed, what
factors would
drive you to
bring patients
back for
treatment of the

a) Progression of other lesions b) Improvement in functional status
c) Stabilization of systemic disease d) Stabilization of CNS disease
e) Other
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rest of the
lesions (Y/N)?

Q10

Does your institution use
selective lesion SRS
(treatment of some but
not all newly identified,
previously untreated
metastatic lesions)?

Y/N    

TABLE 1: IRRF-Generated Survey
An IRRF-generated survey was distributed to 50 different SRS institutions worldwide. Possible answer choices were provided when applicable (including
Yes/No questions and multiple choice). Questions were otherwise open-ended.

Abbreviations: Q – question, SRS – stereotactic radiosurgery, GK – gamma knife, LINAC – linear accelerator, CNS – central nervous system, WBRT –
whole brain radiotherapy, ECOG - Eastern Cooperative Oncology Group, KPS – Karnofsky Performance Score.

Types of questions included in the survey included open-ended (Question (Q)2, Q3, Q5, Q6, Q8, Q9), yes/no
(Q1, Q4, Q10, Q11, Q12, Q13), multiple choice with single response only (Q17, Q18), multiple choice with
unlimited responses (Q7, Q14, Q16, Q19), and one ranking question (Q15). For Question 14, respondents
were presented with a hypothetical case of a patient with a biopsy-proven carcinoma with >15 previously
radiosurgically-treated brain metastases and asked to designate factors that would encourage them to
consider SL-SRS with no limit on the number of factors they could choose. For Question 15, respondents
were asked to rank five factors influencing their decision to treat a specific lesion with radiosurgery.
Rankings of 1-2 were classified as “most important,” 3-4 as “moderately important,” and 5 as “not
important.” Descriptive statistics (i.e., ranges and means) were calculated for questions that
solicited numerical responses where appropriate. However, no inferential statistics were performed.

Results
Ten out of 50 institutions responded to the survey, reflecting a total of 16 clinicians across the 10
institutions. Six centers were located in the United States (US), and an additional four were located in
Canada, India, Taiwan, and Turkey. There were five institutions whose responses reflected the practices of
>1 clinician.

SRS practices
The number of radiosurgery cases performed at each institution in 2021 ranged from 168 to 741 cases (mean
406) (Table 2). At the US institutions, 25-85.7% of these cases were performed on patients with metastatic
tumors, while internationally percentages ranged from 2 to 53%. Gamma knife SRS was used in all 10
institutions, while two of these also offered the option of linear accelerator SRS. Frame-based
immobilization was used for 71% of cases. Mask-based immobilization was used for 28% of cases, while <1%
used a combination of both frame and mask-based. The majority of brain metastases were irradiated with
single-fraction SRS (83%), while 16 % were treated with hypofractionated SRS and <1% used a combination.
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Questions Responses

Total number of cases treated with radiosurgery at your institute last year
(2021).

Mean: 406 cases Range: 168-741 cases

Number of brain metastases patients treated with radiosurgery per year. US Range: 25-85.7% International Range: 2-53%

Does your institution have a formal or informal upper limit on a number of
brain metastases treatable with SRS (in 1-5 fractions)? If yes, what is that
limit?

60% No limit 40% Upper limit exists, range 15-25 mets

What percentage of your SRS-treated brain metastases patients had this
number of lesions treated at the time of SRS?

Average 1-4 lesions: 68.1%, 5-10 lesions: 20.2%, 11-15
lesions: 6.5%, 16-20 lesions: 3.5%, 21+ lesions: 1.6%

Which machine(s) does your institute use for SRS? GK: 100% of institutions LINAC: 20% of institutions

Percentage of cases treated with frame or mask-based immobilization or
combination.

Frame-based cases: 71% Mask-based cases: 28%
Combination cases: <1%

Percentage of cases treated with single fraction SRS, hypofractionated
SRS, and combined single fraction/hypofractionation in one patient

Single Fraction cases: 83% Hypofractionated cases: 16%
Combined cases: <1%

Does your institution use selective lesion SRS? 80% Yes 20% No

Are there any established clinical indications for selected lesion SRS at
your institution?

20% Yes 80% No

Are there research protocols in your institution that would take priority over
a selected lesion approach for patients with multiple brain metastases?

10% Yes 90% No

Are there clinical trials at your institution that specifically request selected
lesion SRS in order to study the effect of a drug in CNS?

10% Yes 90% No

What is your cutoff size (largest dimension, or volume) for SRS for lesions
in eloquent areas such as the brainstem or motor cortex?

a) 5mm/0.065cc 0% b) 10mm/0.52cc 0% c) 20mm/4.19cc
20% d) 25mm/8.18cc 10% e) 30mm/14.14cc 60% f) No
cutoff 10%

What is your cutoff size for SRS for lesions in non-eloquent areas (largest
dimension, or if volumetric cut off, diameter of equivalent circle)?

a) 10mm/0.52cc 0% b) 20mm/4.19cc 0% c) 25mm/8.18cc
0% d) 30mm/14.14cc 30% e) 40mm/33.51cc 60% f) No
cutoff 10%

TABLE 2: Responses to Survey Questions 2-13 and 17-18
Descriptive statistics on the surveyed center’s SRS volume, type, and machine are included as ranges and means. Additionally, responses regarding SRS
and SL-SRS practices are included as percentages of total responses.

Abbreviations: US – United States, SRS – stereotactic radiosurgery, GK – Gamma knife, LINAC – linear accelerator, CNS – central nervous system.

The majority of programs (six out of 10) had no formal or informal upper limit for the number of brain
metastases that could be treated by single or fractionated SRS. The range for programs that did report an
upper limit was 15-25 brain metastases. Table 2 reports the distribution of the number of lesions treated per
SRS session with the majority treating fewer than 10 lesions (88%).

SL-SRS practices
SL-SRS was performed at eight of 10 institutions (five out of six US institutions and three out of four
international institutions) (Table 2). However, only two institutions had established clinical indications for
SL-SRS (one in the US and one internationally) and one additional program reported clinical trials that
require SL-SRS in order to study the efficacy of CNS-penetrating targeted therapies (single US institution).
One program reported research protocols for untreated brain metastases that would take priority over SL-
SRS (a program outside the US).

Respondents were asked to rank the importance of five factors that may influence their decision to treat any
single lesion in SL-SRS (Figure 1). Ninety percent of respondents ranked size as the most important factor.
Next, lesion location and focal signs and symptoms attributable to the lesion were both considered
moderately important. Conversely, 80% ranked distance from prior SRS as the least important factor.
Perilesional edema was similarly viewed as less important at most programs (90%).
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FIGURE 1: Medical and Practice Indications for SL-SRS
Relative importance of medical and practice indications in considering SL-SRS. For medical indications,
respondents were asked to rank how they view the importance of each indication, 1-5. Rankings of 1-2 = most
important, 3-4 = moderately important, and 5 = least important. For practice indications, respondents designated
factors as either important or not. Results are shown as a percentage of total responses.

Abbreviations: S/S – signs and symptoms, SRS – stereotactic radiosurgery.

Respondents were asked to comment on size cutoffs for treating lesions in eloquent or non-eloquent areas.
Responses are depicted in Table 2 (above). Most institutions (60%) reported that 30 mm (largest dimension)
and 14.14 cc (volume) were their cutoffs for treating lesions in eloquent areas, such as the brainstem or
motor cortex, while 40 mm and 33.51 cc were the cutoffs for non-eloquent areas. One institution had no
size/volume cutoff for eloquent or non-eloquent areas. These cutoffs were not affected by having gamma
knife versus linear accelerator-based capabilities.

Respondents designated several factors that would encourage them to consider SL-SRS in a hypothetical
case of a patient with biopsy-proven carcinoma and >15 previously treated brain metastases (Figure 2A).
“Prior WBRT,” “progressing systemic disease and CNS-penetrating drug option available,” and “progressing
systemic disease and immunotherapy option available” were the most common responses. The majority of
respondents cited “specific request by medical oncology” as well as “cooperative studies in this topic” as
factors that might push them toward SL-SRS. Several institutions specified factors beyond the listed options.
One institution reported that, for patients with >20 lesions, they treated the largest lesions with SRS and
then followed with WBRT, termed the “pre-WBRT boost.” Another institution reported a similar pattern of
treating the largest, most symptomatic, or lesions in the most eloquent areas and then followed with WBRT.
Poor functional status in patients with an unclear clinical “evolution” was also cited as a factor with plans to
follow up in one month, with consideration of additional treatment if the patient recovers systemically.
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FIGURE 2: Factors Leading a Clinician to Consider SL-SRS in an
Example Case (A) and to Remaining Lesions (B)
A) Factors leading a clinician to consider SL-SRS in an example case. Results are shown as a percentage of total
responses. B) Factors leading a clinician to consider SL-SRS to remaining lesions not initially treated at a future
date. Results are shown as a percentage of total responses.

Abbreviations: WBRT – whole-brain radiotherapy, CNS – central nervous system, SRS – stereotactic radiosurgery.

Finally, when asked which factors would drive clinicians to bring back patients for treatment of the
remaining lesions, “progression of other lesions” was the most cited factor (90%, Figure 2B). Fifty percent of
respondents also cited “improvement in functional status” and “stabilization of systemic disease” as
additional reasons. One institution reported that if patients were symptomatic and the symptoms localized
to the untreated lesion, they would consider returning for further treatment. Additionally, one institution
reported that they would consider additional treatment at the patient’s request.

Discussion
Management of brain metastases today requires a multidisciplinary approach. Unlike two decades ago when
the treatment options were limited to WBRT, followed by chemotherapy, the introduction of radiosurgery,
immunotherapy, and highly CNS-penetrating systemic agents has not only increased the options for
successful treatment of brain metastases but has also raised the issue of treatment sequence in order to
maximize the duration of efficacy and limit toxicity. While brain metastases clearly remain part of a
systemic problem, the brain is a unique site because of functional localization within it making some lesions
more critical to treat than others.

To our knowledge, this is the first survey to evaluate SL-SRS practices across multiple institutions
worldwide. While the data are qualitative in nature, several insights can be gleaned. Most importantly, SL-
SRS is not practiced universally, but the idea is also not new. There is a range of differing practices even
within the 10 institutions that responded to the survey. In selecting patients for SL-SRS, prior WBRT was
most frequently reported as a factor that would push the provider toward SL-SRS. This trend is concordant
with the numerous studies suggesting the efficacy of SRS after WBRT [15-17], as well as the notion that
repeat WBRT may not be a good clinical option if lesions progress despite upfront WBRT due to the
neurocognitive risks [3,11,18]. SL-SRS to the largest or most symptomatic lesions may be a way to balance
disease control with radiotoxicity. Our survey did find that respondents cited size and symptomatology to be
the main reasons to treat any lesions when contemplating SL-SRS.

Our survey results also highlight the possibility of using SL-SRS first, followed by WBRT. Often systemic
treatments need to be prioritized in patients with rapidly progressing systemic disease. For select
respondents, SL-SRS was used upfront for more rapid targeting of higher-risk lesions to enable faster
initiation of systemic therapy. In this way, SL-SRS can be used as a pre-WBRT option for patients who will
likely need more comprehensive CNS radiotherapy but may have a significant systemic disease burden.
Whereas concurrent chemotherapy and WBRT are typically not performed due to risks of toxicity, there is
greater flexibility with concurrent SL-SRS and chemotherapy. When the patient is stable from a systemic
standpoint, WBRT can be considered for the completion of comprehensive CNS treatment. Additionally, this
approach offers the option of evaluating whether WBRT can be deferred if the untreated brain metastases
after SL-SRS remain stable or respond to systemic therapy.
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The other factors that respondents chose in considering SL-SRS were the progression of systemic disease
and the availability of CNS-penetrating drugs or immunotherapies. Again, there are several recent studies
suggesting improved outcomes of disease control when combining immunotherapy and SRS across several
metastatic disease types compared with the use of either alone [19-22]. In this way, small asymptomatic
lesions can be left un-irradiated if CNS-penetrating drugs are available. An example of a case where SL-SRS
might be considered could include a patient with lung adenocarcinoma with a standard L858R epidermal
growth factor receptor (EGFR) mutation with multiple brain metastases of varying sizes and locations. This
patient could be treated with SL-SRS for concerning lesions and then started on the third-generation
tyrosine kinase inhibitor (TKI) osimertinib for the management of the remaining brain metastases.
Alternatively, a patient with very slowly progressive Her2-positive breast cancer declining WBRT and
starting fam-trastuzumab-deruxtecan-nxki (ENHERTU) could be considered for SL-SRS deferring salvage
radiation for a time when the additional lesions might progress. Importantly, however, these agents are
currently undergoing investigation and are not equally or uniformly effective; thus, surveillance imaging
should be closely monitored for progression [23-24].

There are several potential advantages to using SL-SRS, rather than WBRT, as first-line treatment of
multiple brain metastases. It allows avoidance of the CNS toxicity of WBRT. More importantly, though, it
does not preclude subsequent WBRT or additional SRS. SL-SRS also can be delivered much more quickly than
WBRT and can reduce the delay in starting systemic therapy. Because of this last advantage, SL-SRS might
be paired safely with newer systemic therapies whose CNS-penetrating capability is untested or unclear and
could be extended to use in clinical trials allowing more patients, who would otherwise be excluded, to be
enrolled regardless of the presence of brain metastases [25-26].

Finally, without consensus on indications, potential downsides of SL-SRS, however, should also be noted.
Importantly, not immediately treating some brain metastases may place the patient at risk for metastatic
growth and development of associated symptomatology if the choice of lesions selected is not done with
cerebral functional locations in mind. Additionally, metastases from primaries, such as melanoma or renal
cells left un-irradiated, may lead to hemorrhage, resulting in functional deficits [27]. Finally, from a practical
standpoint, the possibility that subsequent salvage radiosurgical procedures needed thereafter will not be
authorized by a third-party payer may also be a real concern.

While this study provides important insight into the current perspectives on SL-SRS, these findings must be
viewed in the context of the study’s limitations - which include its survey design, small sample size, low
response rate, and reliance on qualitative data. Nonetheless, it offers a unique insight into the developing
practice patterns on SL-SRS and shows that there seems to be some commonality despite disparate settings
and patient populations. Although there is no clear practice consensus at this time, the fact that SL-SRS
exists beyond a single institution may indicate that there is generalizability of these findings. A large
retrospective cohort study concentrated on both survival and local CNS control outcomes comparing best
standard practice upfront (WBRT or all lesion SRS) with SL-SRS may help clarify and consolidate the
indications for this strategy.

More intriguingly, with several institutions now reportedly using SL-SRS, this practice may additionally
provide the basis for a unique opportunity. As new targeted immunotherapies are being designed and
approved at an increasingly rapid pace, there is an increased need for understanding the CNS efficacy of
each of these drugs [25-26,28]. Incorporating SL-SRS into clinical trials of these agents may not only allow
for patients with brain metastases to enter more traditional clinical trials of new agents but would also
facilitate the safe study of the effect of these agents on small and asymptomatic brain metastases, which
could then inform clinical practice and the subsequent formation of guidelines for SL-SRS.

Conclusions
In our opinion, the use of CNS-penetrating treatments is revolutionizing how we view the treatment of CNS
metastasis. Focal therapy carries unique complications that could be deferred if only select lesions are
treated. This survey shows that patients with >10-15 brain metastases who have had prior WBRT, those with
progression of extracranial disease still with acceptable systemic treatment options available, and those
with poor functional status are currently being considered for SL-SRS in institutions worldwide. Larger
lesion size, functionally eloquent location, and presence of symptomatology are the most common reasons
to choose any given lesion for SRS. Future studies evaluating outcomes after SL-SRS are needed to form a
consensus on how to best implement SL-SRS into standard practice. In addition, consideration of this
technique for incorporation into new drug clinical trials may allow brain metastases more access to new
agents and provide data for each drug’s CNS efficacy.

Additional Information
Disclosures
Human subjects: All authors have confirmed that this study did not involve human participants or tissue.
Animal subjects: All authors have confirmed that this study did not involve animal subjects or tissue.
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the

2023 Theriault et al. Cureus 15(9): e45457. DOI 10.7759/cureus.45457 8 of 10

javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)


following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

Acknowledgements
BCT and VLC participated in the conception and design of the study, acquisition and interpretation of the
data, writing the initial draft of the manuscript, and editing of the manuscript and gave final approval of the
version to be published. CS and JY participated in the conception and design of the study, data
interpretation, and editing of the manuscript and gave final approval of the version to be published. JK, MJS,
REW (Wegner), REW (Warnick), SP, YS, DT, CCL, HCY, KB, DK, MT, DM, GM, SP, and JS contributed to the
acquisition of data, participated in the editing of the manuscript, and gave final approval of the version to be
published.

References
1. Trifiletti DM, Sheehan JP, Grover S, et al.: National trends in radiotherapy for brain metastases at time of

diagnosis of non-small cell lung cancer. J Clin Neurosci. 2017, 45:48-53. 10.1016/j.jocn.2017.08.028
2. Vogelbaum MA, Brown PD, Messersmith H, et al.: Treatment for brain metastases: ASCO-SNO-ASTRO

guideline. J Clin Oncol. 2022, 40:492-516. 10.1200/JCO.21.02314
3. Brown PD, Jaeckle K, Ballman KV, et al.: Effect of radiosurgery alone vs radiosurgery with whole brain

radiation therapy on cognitive function in patients with 1 to 3 brain metastases: a randomized clinical trial.
JAMA. 2016, 316:401-9. 10.1001/jama.2016.9839

4. Chang WS, Kim HY, Chang JW, Park YG, Chang JH: Analysis of radiosurgical results in patients with brain
metastases according to the number of brain lesions: is stereotactic radiosurgery effective for multiple brain
metastases?. J Neurosurg. 2010, 113:73-8. 10.3171/2010.8.GKS10994

5. Mohammadi AM, Recinos PF, Barnett GH, et al.: Role of gamma knife surgery in patients with 5 or more
brain metastases. J Neurosurg. 2012, 117:5-12. 10.3171/2012.8.GKS12983

6. Bhatnagar AK, Flickinger JC, Kondziolka D, Lunsford LD: Stereotactic radiosurgery for four or more
intracranial metastases. Int J Radiat Oncol Biol Phys. 2006, 64:898-903. 10.1016/j.ijrobp.2005.08.035

7. Raldow AC, Chiang VL, Knisely JP, Yu JB: Survival and intracranial control of patients with 5 or more brain
metastases treated with gamma knife stereotactic radiosurgery. Am J Clin Oncol. 2013, 36:486-90.
10.1097/COC.0b013e31825494ef

8. Hughes RT, McTyre ER, LeCompte M, et al.: Clinical outcomes of upfront stereotactic radiosurgery alone for
patients with 5 to 15 brain metastases. Neurosurgery. 2019, 85:257-63. 10.1093/neuros/nyy276

9. Susko MS, Garcia MA, Ma L, et al.: Stereotactic radiosurgery to more than 10 brain metastases: evidence to
support the role of radiosurgery for ideal hippocampal sparing in the treatment of multiple brain
metastases. World Neurosurg. 2020, 135:e174-80. 10.1016/j.wneu.2019.11.089

10. Yamamoto M, Serizawa T, Sato Y, Higuchi Y, Kasuya H, Barfod BE: Stereotactic radiosurgery for brain
metastases: a retrospective cohort study comparing treatment results between two lung cancer patient age
groups, 75 years or older vs 65-74 years. Lung Cancer. 2020, 149:103-12. 10.1016/j.lungcan.2020.07.037

11. Chang EL, Wefel JS, Hess KR, et al.: Neurocognition in patients with brain metastases treated with
radiosurgery or radiosurgery plus whole-brain irradiation: a randomised controlled trial. Lancet Oncol. 2009,
10:1037-44. 10.1016/S1470-2045(09)70263-3

12. Meyers CA, Smith JA, Bezjak A, et al.: Neurocognitive function and progression in patients with brain
metastases treated with whole-brain radiation and motexafin gadolinium: results of a randomized phase III
trial. J Clin Oncol. 2004, 22:157-65. 10.1200/JCO.2004.05.128

13. Wilke C, Grosshans D, Duman J, Brown P, Li J: Radiation-induced cognitive toxicity: pathophysiology and
interventions to reduce toxicity in adults. Neuro Oncol. 2018, 20:597-607. 10.1093/neuonc/nox195

14. 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, 18:1049-60. 10.1016/S1470-2045(17)30441-2

15. Cordeiro D, Xu Z, Shepard M, Sheehan D, Li C, Sheehan J: Gamma knife radiosurgery for brain metastases
from small-cell lung cancer: Institutional experience over more than a decade and review of the literature. J
Radiosurg SBRT. 2019, 6:35-43.

16. Nakazaki K, Yomo S, Kondoh T, et al.: Salvage gamma knife radiosurgery for active brain metastases from
small-cell lung cancer after whole-brain radiation therapy: a retrospective multi-institutional study
(JLGK1701). J Neurooncol. 2020, 147:67-76. 10.1007/s11060-020-03397-9

17. Wegner RE, Olson AC, Kondziolka D, Niranjan A, Lundsford LD, Flickinger JC: Stereotactic radiosurgery for
patients with brain metastases from small cell lung cancer. Int J Radiat Oncol Biol Phys. 2011, 81:e21-7.
10.1016/j.ijrobp.2011.01.001

18. Tallet AV, Azria D, Barlesi F, Spano JP, Carpentier AF, Gonçalves A, Metellus P: Neurocognitive function
impairment after whole brain radiotherapy for brain metastases: actual assessment. Radiat Oncol. 2012,
7:77. 10.1186/1748-717X-7-77

19. Magnuson WJ, Lester-Coll NH, Wu AJ, et al.: Management of brain metastases in tyrosine kinase inhibitor-
naïve epidermal growth factor receptor-mutant non-small-cell lung cancer: a retrospective multi-
institutional analysis. J Clin Oncol. 2017, 35:1070-7. 10.1200/JCO.2016.69.7144

20. Qian JM, Yu JB, Kluger HM, Chiang VL: Timing and type of immune checkpoint therapy affect the early
radiographic response of melanoma brain metastases to stereotactic radiosurgery. Cancer. 2016, 122:3051-8.
10.1002/cncr.30138

21. Rahman R, Cortes A, Niemierko A, et al.: The impact of timing of immunotherapy with cranial irradiation in

2023 Theriault et al. Cureus 15(9): e45457. DOI 10.7759/cureus.45457 9 of 10

https://dx.doi.org/10.1016/j.jocn.2017.08.028
https://dx.doi.org/10.1016/j.jocn.2017.08.028
https://dx.doi.org/10.1200/JCO.21.02314
https://dx.doi.org/10.1200/JCO.21.02314
https://dx.doi.org/10.1001/jama.2016.9839
https://dx.doi.org/10.1001/jama.2016.9839
https://dx.doi.org/10.3171/2010.8.GKS10994
https://dx.doi.org/10.3171/2010.8.GKS10994
https://dx.doi.org/10.3171/2012.8.GKS12983
https://dx.doi.org/10.3171/2012.8.GKS12983
https://dx.doi.org/10.1016/j.ijrobp.2005.08.035
https://dx.doi.org/10.1016/j.ijrobp.2005.08.035
https://dx.doi.org/10.1097/COC.0b013e31825494ef
https://dx.doi.org/10.1097/COC.0b013e31825494ef
https://dx.doi.org/10.1093/neuros/nyy276
https://dx.doi.org/10.1093/neuros/nyy276
https://dx.doi.org/10.1016/j.wneu.2019.11.089
https://dx.doi.org/10.1016/j.wneu.2019.11.089
https://dx.doi.org/10.1016/j.lungcan.2020.07.037
https://dx.doi.org/10.1016/j.lungcan.2020.07.037
https://dx.doi.org/10.1016/S1470-2045(09)70263-3
https://dx.doi.org/10.1016/S1470-2045(09)70263-3
https://dx.doi.org/10.1200/JCO.2004.05.128
https://dx.doi.org/10.1200/JCO.2004.05.128
https://dx.doi.org/10.1093/neuonc/nox195
https://dx.doi.org/10.1093/neuonc/nox195
https://dx.doi.org/10.1016/S1470-2045(17)30441-2
https://dx.doi.org/10.1016/S1470-2045(17)30441-2
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6355452/
https://dx.doi.org/10.1007/s11060-020-03397-9
https://dx.doi.org/10.1007/s11060-020-03397-9
https://dx.doi.org/10.1016/j.ijrobp.2011.01.001
https://dx.doi.org/10.1016/j.ijrobp.2011.01.001
https://dx.doi.org/10.1186/1748-717X-7-77
https://dx.doi.org/10.1186/1748-717X-7-77
https://dx.doi.org/10.1200/JCO.2016.69.7144
https://dx.doi.org/10.1200/JCO.2016.69.7144
https://dx.doi.org/10.1002/cncr.30138
https://dx.doi.org/10.1002/cncr.30138
https://dx.doi.org/10.1007/s11060-018-2795-7


melanoma patients with brain metastases: intracranial progression, survival and toxicity. J Neurooncol.
2018, 138:299-306. 10.1007/s11060-018-2795-7

22. Singh C, Qian JM, Yu JB, Chiang VL: Local tumor response and survival outcomes after combined
stereotactic radiosurgery and immunotherapy in non-small cell lung cancer with brain metastases. J
Neurosurg. 2019, 132:512-7. 10.3171/2018.10.JNS181371

23. Epaillard N, Lusque A, Pistilli B, et al.: 260P Antitumor activity of trastuzumab deruxtecan (T-DXd) in
patients with metastatic breast cancer (mBC) and brain metastases (BMs) from DAISY trial. Ann Oncol.
2022, 33:S656. 10.1016/j.annonc.2022.07.299

24. Gen S, Tanaka I, Morise M, et al.: Clinical efficacy of osimertinib in EGFR-mutant non-small cell lung cancer
with distant metastasis. BMC Cancer. 2022, 22:654. 10.1186/s12885-022-09741-8

25. Goldberg SB, Schalper KA, Gettinger SN, et al.: Pembrolizumab for management of patients with NSCLC and
brain metastases: long-term results and biomarker analysis from a non-randomised, open-label, phase 2
trial. Lancet Oncol. 2020, 21:655-63. 10.1016/S1470-2045(20)30111-X

26. Murthy RK, Loi S, Okines A, et al.: Tucatinib, trastuzumab, and capecitabine for HER2-positive metastatic
breast cancer. N Engl J Med. 2020, 382:597-609. 10.1056/NEJMoa1914609

27. Kim YH, Kim JW, Chung HT, Paek SH, Kim DG, Jung HW: Brain metastasis from renal cell carcinoma . Prog
Neurol Surg. 2012, 25:163-75.

28. Wang J, Tawbi HA: Emergent immunotherapy approaches for brain metastases . Neurooncol Adv. 2021,
3:v43-51. 10.1093/noajnl/vdab138

2023 Theriault et al. Cureus 15(9): e45457. DOI 10.7759/cureus.45457 10 of 10

https://dx.doi.org/10.1007/s11060-018-2795-7
https://dx.doi.org/10.3171/2018.10.JNS181371
https://dx.doi.org/10.3171/2018.10.JNS181371
https://dx.doi.org/10.1016/j.annonc.2022.07.299
https://dx.doi.org/10.1016/j.annonc.2022.07.299
https://dx.doi.org/10.1186/s12885-022-09741-8
https://dx.doi.org/10.1186/s12885-022-09741-8
https://dx.doi.org/10.1016/S1470-2045(20)30111-X
https://dx.doi.org/10.1016/S1470-2045(20)30111-X
https://dx.doi.org/10.1056/NEJMoa1914609
https://dx.doi.org/10.1056/NEJMoa1914609
https://pubmed.ncbi.nlm.nih.gov/22236678/
https://dx.doi.org/10.1093/noajnl/vdab138
https://dx.doi.org/10.1093/noajnl/vdab138

	Selected-Lesion Stereotactic Radiosurgery (SL-SRS) as a Novel Strategy in the Treatment of Patients With Multiple Brain Metastases
	Abstract
	Introduction
	Materials And Methods
	TABLE 1: IRRF-Generated Survey

	Results
	SRS practices
	TABLE 2: Responses to Survey Questions 2-13 and 17-18

	SL-SRS practices
	FIGURE 1: Medical and Practice Indications for SL-SRS
	FIGURE 2: Factors Leading a Clinician to Consider SL-SRS in an Example Case (A) and to Remaining Lesions (B)


	Discussion
	Conclusions
	Additional Information
	Disclosures
	Acknowledgements

	References


