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BACKGROUND: Patients with metastatic brain tumors (MBTs) require a multidisciplinary team-based approach to select
the best diagnostic, surgical, and radiation interventions.
OBJECTIVE: The aim of this guideline was to provide an update of the evidence-based recommendations of the
guideline produced in 2019 regarding the use of emerging therapies for adult patients with MBTs.
METHODS: PubMed and Embase were searched from January 1, 2016, through May 3, 2022, using search strategies
pertinent to the therapeutic topics: targeted agents, immune-modulating agents, interstitial modalities, radiosensitizers,
laser interstitial thermal therapy, and magnetic resonance imaging–guided focused ultrasound. The search results were
screened using pre-established exclusion/inclusion criteria. Evidence tables were constructed using these data, and the
recommendations from the 2019 version were left unchanged, updated or, where appropriate, new recommendations
were formulated.
RESULTS: Of 6403 qualifying abstracts, 162 met the inclusion criteria and were included in the evidence tables.
They provided 8 class I recommendations, 3 class II recommendations, and 17 class III recommendations. In
three instances, there was insufficient evidence to support a recommendation. The proliferation of qualifying
literature since the end of 2015 was greatest regarding the topics related to targeted therapy and immu-
notherapy of MBTs. Fewer were available for laser interstitial thermal therapy and radiosensitizers, but enough
information was available to formulate recommendations on these two topics. For interstitial modalities and
magnetic resonance imaging–guided focused ultrasound, insufficient qualifying data were identified to create
recommendations.
CONCLUSION: This systematic review provides evidence-based recommendations for adult patients with MBTs re-
garding the use of therapies beyond standard surgical, radiation, and cytotoxic chemotherapy.

KEY WORDS: Brain metastases, Targeted therapy, Immunotherapy, Leptomeningeal, Laser interstitial thermal therapy, Radiation sensitizer

ABBREVIATIONS: ALK, anaplastic lymphoma kinase; CNS, central nervous system; EGFR, epidermal growth factor receptor; HIFU, high-intensity focused
ultrasound; ICI, immune checkpoint inhibitor; IT, intrathecal; LITT, laser interstitial thermal therapy;MBT,metastatic brain tumors; NSCLC, non–small-cell
lung carcinoma; OS, overall survival; SRS, stereotactic radiosurgery; TKI, tyrosine kinase inhibitor; WBRT, whole-brain radiation therapy.
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PICO QUESTIONS AND RECOMMENDATIONS

Target Population: Adults with metastatic brain tumors (MBTs).

Question 1
In patients with parenchymal brain metastases, does the use of

molecular targeted agents provide benefit regarding local control,
overall survival (OS), progression-free survival (PFS), performance
status, or reduction in central nervous system (CNS) side effects
compared with standard management with chemotherapy, im-
mune modulators, stereotactic radiosurgery (SRS), whole-brain
radiation therapy (WBRT), and surgical resection?

RECOMMENDATIONS

Unchanged Recommendation
Level I: The use of afatinib is not recommended in patients

with brain metastasis due to breast cancer.

New Recommendations
Targeted Therapy for the Treatment of EGFR–Mutant NSCLC
Parenchymal Brain Metastases

Level I: In patients with ≥3 untreated brain metastases from
epidermal growth factor receptor (EGFR)-mutant non–small-cell
lung carcinoma (NSCLC), the use of icotinib and WBRT is
recommended to improve intracranial PFS.
Level III: In patients with brain metastases from EGFR-mutant

NSCLC, the addition of EGFR tyrosine kinase inhibitors (TKIs)
to radiation therapy in the form of WBRT or SRS is suggested to
improve OS, PFS, and intracranial PFS.

Targeted Therapy for the Treatment of ALK Mutation–Positive
NSCLC Parenchymal Brain Metastases
Level I: In patients with anaplastic lymphoma kinase (ALK)

mutation–positive NSCLC with untreated brain metastases, the
use of alectinib is recommended to delay the time to intracranial
tumor progression.
Level II: In patients with untreated brain metastases from ALK

mutation–positive NSCLC, lorlatinib is recommended to prolong
intracranial tumor control and improve overall PFS.

Targeted Therapy for the Treatment of NSCLC Parenchymal Brain
Metastases Not Assessed for EGFR and ALK Mutation Status
Level I: It is recommended that for patients with newly di-

agnosed brain metastases secondary to NSCLC not assessed for
EGFR and ALK mutation status and for whom WBRT is in-
dicated, gefitinib be added to the treatment regimen to improve
local tumor control and OS.
Level III: For patients with brain metastases secondary to

NSCLC not assessed for EGFR and ALK mutation status and for
whom targeted therapy in the form of gefitinib or the combination
of pemetrexed and platinum compounds are otherwise indicated, it

is suggested that bevacizumab, when not contraindicated by other
underlying medical conditions, be added to the treatment regimen
to improve CNS control and to a lesser extent PFS and OS.

Targeted Therapy for the Treatment of EGFR-Negative,
ALK-Negative NSCLC Parenchymal Brain Metastases
Level III: For patients with brain metastases secondary to

NSCLC that are EGFR and ALK mutation negative and for
whom targeted therapy in the form of TKIs are indicated, it is
suggested that TKIs, when not contraindicated by other under-
lying medical conditions, be added to the treatment regimen,
including radiation therapy, to improve CNS control and to a
lesser extent PFS and OS.

Targeted Therapy for the Treatment of Melanoma Parenchy-
mal Brain Metastases
Level I: It is recommended that for patients with newly di-

agnosed brain metastases secondary to melanoma that is
BRAFV600E positive, dabrafenib plus trametinib be added to the
treatment regimen to obtain improved local tumor control.
Level III: For patients with brain metastases secondary to

BRAF-altered melanoma for whom targeted therapy in the form
of BRAF inhibitors are indicated, it is suggested that immuno-
therapy, when not contraindicated by other underlying medical
conditions, be added to the treatment regimen to improve CNS
control and to a lesser extent PFS and OS.

Targeted Therapy for the Treatment of Breast Adenocarcinoma
Parenchymal Brain Metastases
Level III: In adult patients with brain metastases from breast

adenocarcinoma that are HER2 positive for whom radiation
therapy is indicated, it is suggested that trastuzumab be added to
the treatment regimen to improve PFS, median survival, and OS.
Level III: In adult patients with brain metastases from breast

adenocarcinoma for whom SRS is indicated, it is suggested that
lapatinib be added to that treatment to improve intracranial re-
sponse rate and median survival.

Question 2
In patients with leptomeningeal brain metastases, does the

use of molecular targeted agents provide benefit regarding
local control, OS, PFS, performance status, or reduction in
CNS side effects compared with standard management with
chemotherapy, immune modulators, SRS, WBRT, and surgical
resection?

New Recommendations
Level III: In patients with leptomeningeal disease fromNSCLC

with EGFR mutations, it is suggested that EGFR TKIs be used to
increase median survival, specifically the third-generation TKI
osimertinib for patients with EGFR-mutant NSCLC and the
second-generation ALK-TKI alectinib for the treatment of lep-
tomeningeal metastases in ALK-positive NSCLC.
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Level III: In patients with leptomeningeal metastases from
Her2-positive breast cancer, it is suggested that intrathecal (IT)
trastuzumab be used to increase median survival.

Question 3
In patients with parenchymal brain metastases, does the use

of immune modulators provide benefit in terms of local
control, OS, PFS, performance status, or reduction in CNS
side effects compared with standard management with che-
motherapy, molecular targeted agents, SRS, WBRT, and
surgical resection?

New Recommendations
Level I: In patients with active, untreated, asymptomatic pa-

renchymal melanoma brain metastases, ipilimumab plus nivo-
lumab is recommended to increase the median OS and be used
without radiation to improve the median OS.
Level III: In patients with parenchymal brain metastases from

NSCLC, it is suggested that immune checkpoint inhibitors (ICIs)
be used with radiation therapy to increase median survival, de-
crease incidence of local failure, increase intracranial PFS, and
decrease distant intracranial failure.
Level III: In patients with parenchymal brain metastases from

NSCLC that are clinically stable for at least 4 weeks and with
programmed death-ligand 1 tumor proportion score >50%, it is
suggested that ICIs be used without radiation to improve
median OS.
Level III: In patients with parenchymal brain metastases from

breast cancer or colon carcinoma, it is suggested that therapy with
ICIs be considered alone or with radiation therapy to increase the
median survival and decrease the incidence of local failure.

Question 4
In patients with leptomeningeal brain metastases, does the use

of immune modulators provide benefit regarding local control,
OS, PFS, performance status, or reduction in CNS side effects
compared with standard management with chemotherapy, mo-
lecular targeted agents, SRS, WBRT, and surgical resection?

New Recommendation
There is insufficient evidence to make a recommendation re-

garding the use of immune modulators for the therapy of lep-
tomeningeal brain metastases.

Question 5
In patients with parenchymal brain metastases, does the use of

interstitial modalities, in the form of interstitial chemotherapy or
radiation (brachytherapy, intraoperative radiation therapy), pro-
vide benefit regarding local control, OS, PFS, performance status,
or reduction in CNS side effects compared with standard man-
agement with chemotherapy, immune modulators and molecular
targeted agents, SRS, WBRT, and surgical resection?

Unchanged Recommendation
There is insufficient evidence to make a recommendation re-

garding the use of interstitial modalities in the form of interstitial
chemotherapy or radiation.

Question 6
In patients with parenchymal brain metastases, does the use of

radiosensitizers provide benefit in terms of local control, OS, PFS,
performance status, or reduction in CNS side effects compared
with standard management with chemotherapy, immune mod-
ulators and molecular targeted agents, SRS, WBRT, and surgical
resection?

Unchanged Recommendations
Level I: The use of temozolomide as a radiation sensitizer is

not recommended in the setting of whole-brain radiation
therapy (WBRT) for patients with breast cancer brain
metastases.
Level I: The use of chloroquine as radiation sensitizer is not

recommended in the setting of WBRT for patients with brain
metastases.

New Recommendations
Level II: When WBRT is used for brain metastases from

NSCLC, it is recommended that temozolomide be added to
provide a smaller incidence of local failure, longer intracranial
PFS, and longer OS.
Level III: For brain metastases from NSCLC with EGFR

mutation–positive status where WBRT or SRS is indicated, it is
suggested that EGFR TKIs be added to that therapy to improve
intracranial response rate and survival.

Question 7
In patients with parenchymal or leptomeningeal brain me-

tastases, does the use of laser interstitial thermal therapy (LITT)
provide benefit regarding local control, OS, PFS, performance
status, or reduction in CNS side effects compared with standard
management with chemotherapy, immune modulators and
molecular targeted agents, SRS, WBRT, and surgical resection?

New Recommendations
Level III: For adults who have undergone SRS for brain me-

tastases with subsequent imaging progression due to tumor
progression, it is suggested that LITT be considered as equivalent
to craniotomy in terms of PFS and OS and the choice of
management should be individualized based on the unique
characteristics of the tumor location and the patient’s clinical
status.
Level III: For adults who have undergone SRS for brainmetastases

with subsequent imaging progression due to radiation necrosis, it is
suggested that LITT be considered as equivalent to medical man-
agement for radiation necrosis and the choice of management should
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be individualized based on the unique characteristics of the tumor
location and the patient’s clinical status.

Question 8
In patients with parenchymal or leptomeningeal brain me-

tastases, does the use of high-intensity focused ultrasound (HIFU)
provide benefit regarding local control, OS, PFS, performance
status, or reduction in CNS side effects compared with standard
management with chemotherapy, immune modulators and
molecular targeted agents, SRS, WBRT, and surgical resection?

Unchanged Recommendation
There is insufficient evidence to make a recommendation re-

garding the use of HIFU for parenchymal and leptomeningeal
brain metastases.

INTRODUCTION

Goals and Rationale
Advancements in the understanding of the biology of MBTs,

the ability to create more sophisticated systemic treatments through
improved pharmacologic chemistry, radiation therapy software and
hardware advancements, and surgical equipment have yielded new
information worthy of dissemination. As suggested by the Institute of
Medicine, now the National Academy of Medicine, it is suggested
that guidelines be updated in the range of every 5 years.1 Thus,
interval updates of the guideline on emerging therapies for MBTs
published by the American Association of Neurological Surgeons
(AANS)/Congress of Neurological Surgeons (CNS) in 2018 were
planned to update the information in that publication.2

Objectives
This document seeks to update the recommendations for

molecular and targeted agents, immune-modulating agents, in-
terstitial modalities, radiosensitizers, intraoperative radiation
therapy, LITT, and HIFU published in the 2018 guideline on
emerging therapies for MBTs.2 To accomplish this, the Joint
Tumor Section of the AANS/CNS recruited representatives from
the section to review and update the questions from the previous
guideline to Patient, Intervention, Comparison, Outcome
(PICO) format, search the literature published regarding the items
in each question since the search of the 2018 publication, and
determine if that new information confirmed previous recom-
mendations, required an update of previous recommendations, or
new recommendations.

METHODOLOGY

Literature Search
To accomplish this update, new literature in PubMed and Embase

from January 1, 2016, through May 3, 2022, was searched using the

questions with their new PICO format, and data from the qualifying
manuscripts for each topic were used to either confirm previous rec-
ommendations, update them, or create new ones. The search strategy
used combinations of subheadings and key words and is documented in
previous methodology articles. Search strategies for the root brain me-
tastasis search and the 6 categories of emerging therapy (molecular and
targeted agents, immune-modulating agents, interstitial modalities, ra-
diosensitizers, LITT, and HIFU) are found in Appendix I of the full-text
document found at the CNS Guidelines Website. Manuscripts selected
for review on screening of abstracts met the criteria described below. All
citations were reviewed by 2 authors and acceptance or rejection recorded
along with the reasons.When there was disagreement, the 2 reviewers met
in live session to resolve the disagreement. The Guidelines Task Force
used DistillerSR (which uses artificial intelligence) to cull, narrow, and aid
its review of the relevant literature. All abstracts were reviewed, and
relevant full-text articles were retrieved and graded [by individuals on the
Guidelines Task Force].

Inclusion/Exclusion Criteria
· Published in English
· Involves human patients with brain metastases
· Fully published primary study published between September 2008

and December 2015
· Article evaluates ≥1 of the therapies in question:

· Molecular and targeted agents for parenchymal brain
metastases

· Molecular and targeted agents for leptomeningeal brain
metastases

· Immune modulating agents for parenchymal brain metastases
· Immune modulating agents for leptomeningeal brain

metastases
· Interstitial modalities
· Radiosensitizers
· LITT
· HIFU

· Number of patients with brain metastases in the study ≥5 per study
arm for ≥2 of the study arms for comparative studies and ≥5 total
patients if a noncomparative study

Data Collection Process
Manuscripts selected for review underwent full review by 2 authors to

confirm that it met eligibility criteria; if not, the manuscript was rejected.
As with the abstracts, when there was disagreement, the 2 reviewers met
in live session to resolve the disagreement. Data gleaned from the
manuscript included type of study (eg, phase 2 clinical trial, retrospective
chart review, etc.), therapeutic agent evaluated, and the outcome mea-
sures and results yielded by the study.

Assessment for Risk of Bias
Each manuscript was evaluated by the writing group for bias, and the

summation of different forms of bias are reflected in the data classification
system. Inherent to emerging therapy agents, initial reports were noted to
be in the form of small case series, anecdotal reports, and early phase
clinical trials. As such, there is inevitable selection bias imposed by
retrospective reviews and prospective studies with small numbers of
patients. For example, patients selected for study, especially early phase
trials, may have better medical status relative to patients not selected for
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study. In addition, small series of patients may have bias because of
random variability. Our expectation is that the more promising tech-
niques and agents mentioned in this guideline will be studied further as
part of larger clinical trials, which will eliminate some of the inherent bias
of smaller, retrospective studies.

Rating Quality of Evidence and Recommendation
Formulation

Each manuscript that met eligibility criteria and was found to have
data relevant to the question was rated as providing class I, II, or III
evidence based on the definitions provided in the AANS/CNS criteria.
The pertinent classification levels and data for each article were entered
into an evidence table for each emerging therapy subtopic. The evidence
tables were then validated among the writing group before the formu-
lation of recommendations. The summation of the information from
qualifying manuscripts was then synthesized and used to create level I, II,
or III recommendations based on the classification of evidence on
therapeutic effectiveness (Appendix II of the full text document found at
the CNS Guidelines Website). An expanded description of the data
classification system and translation to recommendation level designation
is provided at Guideline Development Methodology - cns.org.

Revision Plans
In accordance with the National Academy of Medicine’s standards for

developing clinical practice guidelines, the writers of the emerging
therapies for MBTs task force will monitor related publications after the
release of this document and will revise the entire document and/or
specific sections “if new evidence shows that a recommended intervention
causes previously unknown substantial harm, that a new intervention is
significantly superior to a previously recommended intervention from an
efficacy or harms perspective, or that a recommendation can be applied to
new populations.”3 In addition, within 5 years from the date of pub-
lication, the task force plans to assess the content of this guideline to that
it still reflects the clinical practice and treatment of patients with MBTs.
In those cases where it does not, the recommendations will either be
updated or new recommendations will be created.

SUMMARY OF PREVIOUS GUIDELINE

The prior version of this guideline topic included a single key
question: What evidence is available regarding emerging and
investigational treatment options for MBTs?2 This was then
applied over a range of topics in order of consideration at that
time, including HIFU, LITT, radiosensitizers, interstitial mo-
dalities, immune modulators, and molecular targeted agents.

RESULTS

The literature results in 6403 abstracts. Task force members
performed a comprehensive, double-blind review and selected
263 articles for full-text review and data extraction (Appendix I).
A total of 101 were rejected for not meeting inclusion criteria or

for being off topic. One hundred sixty-two articles were included
in this systematic review (Appendix III ).

The recommendations for the different tumor types are pro-
vided after the synthesis for each circumstance to ease under-
standing of where the recommendations apply.

DISCUSSION

Overall, and as is reflected in the comparative information in
Table 1 of the full-text document found at the CNS Guidelines
Website, a greater body of information on the emerging therapies
for brain metastases has developed as the 2019 version of this
guideline. This has allowed for concrete recommendations to be
made on various levels to assist medical and surgical practitioners
to manage this population of patients.

Key Issues for Future Investigation
Ideally, future studies of all the modalities noted in this doc-

ument would be directed toward cases with brain metastases as the
group of primary interest, facilitating class II or even class I data
and providing the ability to make stronger recommendations.
Application of targeted therapy and immunotherapy is often
applied in an adjuvant setting after surgery. Now, more often than
in the past, these options are being explored as the initial therapy
and such steps, even if investigational, are encouraged. Success on
this front may preclude the need for surgery or radiation or at least
delay need for those interventions or provide smaller and safer
surgical or radiation targets. Truly prospective and comparative
studies of LITT, beyond simple registries, looking at its value in
relation with localized forms of radiation, and medical/targeted
therapies will clarify its value in the management of brain me-
tastases. Until that is accomplished, increasing volumes of class III
data are unlikely to increase acceptance and use of the technology.
Similarly, HIFU is an exciting technology whose value is yet to be
determined. As with LITT, it will require prospective, compar-
ative studies to truly delineate its place on the menu of options for
management of brain metastases.

CONCLUSION

Advancement of nonsurgical and surgical therapies for MBTs is
occurring at a rapid rate as confirmed in this document. The most
coherent approaches will be developed with cooperative study
development across the specialties of radiation oncology, medical
oncology, and neurosurgery. Enrollment of patients in trials of
these interventions, be they sponsored by industry, academic
institutions, or cooperative groups, is encouraged as this will assist
in crystalizing our understanding of their role in MBTs.
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disseminated with the understanding that the recommendations
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physician should be sought. The proposals contained in these
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