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I. Background and Objectives for the Systematic Review

The development of secondary malignant growths has particular implications when
cancer metastasizes to the brain. The management of brain metastases is challenging due
to the effects of the disease and treatment on patients. The planned systematic review will
determine the effects of radiation therapy to treat brain metastases.

Brain metastases are a common problem in cancer care, occurring in 10 to 30 percent of
adult patients.! The apparent incidence of brain metastases is increasing as diagnostic
tools are refined and advances in systemic therapy that improve survival may also be
leading to an actual increase.? 2 The development of brain metastases may have
substantial prognostic implications by causing neurologic symptoms or death.

Historically, patients with brain metastases had a poor prognosis, and little thought was
given to determining each individual’s prognosis and optimal treatment.* However, the
patient population affected by brain metastases is heterogeneous, and recent studies have
shown that prognosis can vary substantially.>® Brain metastases occur with a variety of
cancers, which may have different subtypes or molecular profiles that respond differently
to treatment.® Primary tumors that most commonly metastasize to the brain are lung
cancer (30-60% of all brain metastases), breast cancer (5-30% of brain metastases in
women), and melanoma (5-21%); this systematic review will focus on these primary
cancer types.®

Treatment options for brain metastases include whole brain radiation therapy (WBRT),
stereotactic radiosurgery (SRS), conventional surgery, and systemic therapies. WBRT is
administered to the entire brain, typically over multiple treatments (although
hippocampal-avoidance WBRT is more selective regarding the dose for different areas of
the brain). SRS is a treatment option that delivers precisely-targeted radiation to the brain
metastases. Surgery for brain metastases aims to remove the tumor. Systemic therapy
includes chemotherapy and immunotherapy regimens. Each of these treatment options
may be considered alone or in combination. Finally, for some patients with a very poor
prognosis, supportive care alone may be appropriate.®

Several guidelines for the management of brain metastases have been published.'*® The
American Society of Radiation Oncology (ASTRO) published guidelines for the
radiotherapeutic and surgical management of brain metastases in 2012. The ASTRO
guidelines recommended using estimated prognosis and aims of treatment to guide
management decisions. The use of histology-specific indices was recommended to
estimate prognosis. For patients with good prognosis (expected survival of 3 months or
more), the number, size and resectability of metastases were identified as important
factors to consider. For patients with a single brain metastasis and good prognosis,



management options including surgery and WBRT or SRS, SRS alone, WBRT, or
WBRT and SRS were included as potential options. For patients with multiple brain
metastases and a good prognosis, WBRT, SRS alone, or WBRT and SRS were
recommended options for consideration. For patients with poor prognosis (expected
survival less than 3 months), palliative care with or without WBRT was recommended.
Regarding radiation dose fractionation for WBRT, the guideline noted that no altered
dose fractionation scheme improved survival or symptom control compared with the
commonly used 30 Gy in 10 daily fractions or 20 Gy in 5 daily fraction schemes. The
ASTRO guidelines highlighted the limited neurocognitive outcomes data available at the
time, and recommended further trials to address this shortcoming.

The focus of this review is on radiation therapies, although the effects of combining other
treatments with radiation will be considered.

For each of the available radiation treatments, several important clinical questions must
be considered. Regarding WBRT, an updated review may provide additional information.
on the optimal dose, fractionation, and technique (e.g., hippocampal avoidance WBRT).
Pressing questions include the following: Does the efficacy of WBRT depend on tumor
histology, and should treatment options be adapted accordingly? What are the benefits
and harms of WBRT on neurocognition and quality of life that need to be communicated
to patients and caregivers? Do co-interventions such as memantine mitigate the
neurocognitive effects, and if so, should they be offered in conjunction with WBRT? Is
there a benefit to adding SRS to WBRT? And does the addition of systemic therapy
change the efficacy of WBRT? When determining treatment choice, how does the
effectiveness of SRS compare to that of WBRT? Does the effectiveness depend on tumor
type or the number or volume of brain metastases, and, if so, should the treatment plan be
adapted accordingly? Does the effectiveness depend on tumor size or radiation dose and
fractionation and, and again, should the treatment plan be adjusted accordingly?

For SRS, does the addition of systemic therapy change the efficacy of SRS so that it
should be routinely offered? Several key questions must be considered for patients who
undergo surgical resection of brain metastases. How do the outcomes compare among
observation, postoperative WBRT, and SRS therapy to help patients decide on the best
course of action? In addition, to decide on the best treatment approach, patients and
providers need to evaluate existing evidence on whether the effectiveness varies with
tumor type, size, or dose and fractionation.

In addition, updated information is needed on adverse events associated with the
interventions to guide policy makers, clinicians, patients, and caregivers. Critical
questions include the following: What adverse cognitive effects are to be expected after
radiation treatment? What adverse effects of SRS do patients and caregivers need to
consider, and how do they compare with those of WBRT? Does systemic therapy change
the toxicity of treatment so that patients need to carefully weigh the advantages and
disadvantages? In patients undergoing surgical resection, how do adverse events compare
among those who also undergo postoperative WBRT or and SRS therapy, compared with
observation alone, to inform decisions? Although aspects of these questions have been
addressed in published systematic reviews,'*'% 1673 and there is some clinical guidance
on the topic,*** 7 our literature searches and stakeholder input indicated the need for an
up-to-date, comprehensive evidence review on radiation therapy for brain metastases.



Purpose of the Review: The Agency for Healthcare Research and Quality (AHRQ)
evidence report, commissioned and funded by the Patient-Centered Outcomes Research
Institute (PCORI), will synthesize the available evidence on radiation therapy for brain
metastases. The synthesis aims to support an update of the American Society for
Radiation Oncology (ASTRO) guidelines.

I1. Key Questions

The systematic review will be guided by the following Key Questions and subquestions:

Key Question 1: What is the effectiveness of WBRT, alone or in combination with SRS
or systemic therapies, as initial treatment in patients with brain metastases on patient-
relevant outcomes, such as overall survival and quality of life?
KQ1a. How does effectiveness vary by dose fractionation schedule and technique?
KQ1b. How does effectiveness differ by patient prognosis and primary tumor site?
KQ1c. How does effectiveness differ by the addition of systemic therapies?

Key Question 2: What is the effectiveness of SRS/fractionated stereotactic radiation as
initial treatment in patients with brain metastases on patient-relevant outcomes, such as
overall survival and quality of life?
KQ2a. How does effectiveness vary by dose fractionation schedule and technique?
KQ2b. How does effectiveness differ by patient prognosis and primary tumor site?
KQ2c. How does effectiveness differ by the addition of systemic therapies?

Key Question 3: What is the effectiveness (or comparative effectiveness) of
postoperative SRS compared to WBRT, observation, or preoperative SRS in patients with
brain metastases on patient-relevant outcomes, such as overall survival and quality of
life?

KQ3a. How does effectiveness vary by dose fractionation schedule?

Key Question 4: What are the adverse effects (i.e., serious harms) of WBRT, SRS, and
systemic therapies for patients with brain metastases (either alone or in combination)?
KQ4a. Do adverse effects vary by important patient characteristics (i.e., age,
performance status, patient prognosis, disease status, primary tumor site) or dose
fractionation schedule and technique?

The evidence review will answer the review questions, summarizing the identified
evidence across studies.

The key questions were posted for public comment in July 2019, and PCORI conducted a
stakeholder call to discuss the comments in August 2019. The public comments primarily
addressed the subquestions. In response, we have revised the subquestions to broaden the
scope (e.g., “dose fractionation schedule” was changed to “dose fractionation schedule
and technique”). In addition, all subquestions for Key Question 1 were also added to Key
Question 2, and vice versa.



I11. Analytic Framework

The analytic framework outlines the patient population, the interventions, and the
outcomes that will be addressed in the evidence synthesis.

Figure 1. Analytic framework for radiation therapy for brain metastases
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V. Methods

The methods for this evidence review follow the Methods Guide for Evidence-based
Practice Center (EPC) Program. The evidence report will be based on a systematic review
that is outlined in this draft review protocol. The draft protocol is informed by key
informants representing patients, care givers, patient advocates, healthcare providers, and
evidence synthesis experts. Throughout, the evidence review team will be supported by a
technical expert panel (TEP), a diverse panel of relevant stakeholders affected by the
results of the evidence report. TEP members are not responsible for the content of the
evidence report, but they provide the review team with important perspectives and advice
on key components of the systematic review. The key questions, the protocol, and the
draft report will be publicly posted to allow additional input.




Criteria for Inclusion/Exclusion of Studies in the Review: Table 1 describes the
eligibility criteria in a PICOTSS (population, intervention, comparator, outcomes, timing,

setting, and study design) framework.

Table 1: Eligibility criteria

PICOTS Inclusion

Exclusion

Population e Primary research studies that
include a majority (50% or more)
of adult patients with metastases
in the brain resulting from non-
small cell lung cancer, breast
cancer, or melanoma

e Study samples comprising
patients with cancer from
other origins or primary
brain tumors (e.g.,
glioblastomas) and
pediatric samples

Interventions | e Studies evaluating radiation
therapy, including WBRT and
SRS alone or in combination, as
initial or postoperative treatment,
with or without systemic therapy
(immunotherapy and
chemotherapy)

e Studies have to report on effects
of radiation therapy in the 1990s
or later

e Studies without WBRT or
SRS treatment arms

e Studies based exclusively
on pre-1990 data

Comparators | e Studies comparing eligible
interventions to other eligible
interventions or other
management approaches (no
intervention; waitlist; delayed
intervention [radiation to be
given at a later time]; placebo;
observation, watchful waiting, or
surveillance; supportive care,
palliative care, or steroid
treatment; usual care; systemic
therapy, immunotherapy, or
chemotherapy; WBRT; SRS;
surgery; different dose
fractionation schedules; different
radiation therapy approaches;
different intervention
combinations)

e Studies comparing only
non-intervention features
(e.g., comparing two patient
subgroups)

Outcomes e Studies reporting on patient

health outcomes, such as

o overall survival, progression-
free survival

e Studies reporting only on
therapy acceptance,
provider variables (e.g.,
provider knowledge),




PICOTS

Inclusion

Exclusion

recurrence/cancer control
(local tumor control,
intracranial control / complete
response, partial response,
stable response of all
metastases);

o0 symptom burden, health status
or health-related quality of
life;

- functional status (physical,
affective or neurocognition
functions);

O or adverse events, including
acute and late toxicity (e.g.,
radiation necrosis, hair loss,
Or nausea)

e Patient health outcomes may
include patient- and caregiver-
reported outcomes as well as
clinical, physician assessed, and
hospital record outcomes and
measures may include
quantitative as well as qualitative
reports and no restrictions will be
imposed regarding the specific
measurement, metric,
aggregation method (e.g., mean,
proportion), or timepoint.

organizational measures
(e.g., wait times), treatment
utilization, or costs

Timing

e Studies will not be limited by the
duration of the intervention or
the length of follow up

e No exclusions apply

Setting(s)

e Inpatient and outpatient settings
e Studies may include national and
international settings

e Studies in resource-limited
settings such as developing
countries will be reviewed
for comparability with US
settings

Study design

All KQs

e RCTs

e Studies with results published in
clinicaltrial.gov will be included
regardless of whether a journal
publication is available

e English-language publications

KQ4

e Studies without comparator
(e.g., case studies)

e Evaluations reported only in
abbreviated format (e.g., in
a conference abstract) and
that are not registered in a
research registry




PICOTS Inclusion Exclusion
e Prospective experimental and e Studies exclusively
observational studies (including reported in non-English
non-randomized clinical trials publications will be
and cohort studies comparing 2 retained as a resource but
or more intervention cohorts) of will not be eligible for
200 patients or more or those that inclusion
report a statistical power analysis | e Systematic reviews will be
for adverse events retained for reference
mining

Systematic reviews identified in the searches will be retained for reference mining, as an
additional search strategy to identify potentially relevant studies.

The scope of the review is to evaluate radiation therapy for brain metastases in adults
with melanoma, breast cancer, or non-small lung cancer. Although studies do not have to
include these patients exclusively, they need to comprise the majority of patients (50% or
more) for a study to be eligible for inclusion or results need to be presented for eligible
cancer origin subgroups. As outlined, these cancer origins represent the most common
cancer types in adults. While treatment for brain metastases from other primary cancers
and in pediatric patients is equally important, it was deemed to be outside the scope of
this project and should be addressed in future reviews.

In response to public comments on the posted review questions and preliminary inclusion
criteria, we further restricted the studies of lung cancer brain metastases included in our
review from those on all lung cancers to those including only patients with non-small cell
lung cancer. This restriction will ensure a more homogeneous evidence base. A further
change since the initial posting is the expansion of the eligible study designs for Key
Question 4 from RCTs and observational studies to non-randomized experimental studies
(e.g., clinical trials) as well. RCTs will be eligible for all key questions. The broader
inclusion criteria for adverse event data take into account that rare adverse events are
difficult to detect in smaller and short-term trials.

The inclusion criteria for outcomes include several categories of patient outcomes—
including health, wellbeing, and side effects. Key informant input consistently
emphasized the importance of patient-relevant outcomes. Patients need to weigh many
aspects of treatment outcomes in addition to effectiveness and toxicity. These include
effects on survival as well as quality of life during and after treatment. Functional status
in general as well as retention of normal function—for example being able to care for
one's child—are other key considerations for patients. Furthermore, the extent and the
potential consequences of cognitive changes are very important considerations.

The TEP provided input on the restricting inclusion to studies reporting data from 1990
or later for intervention evaluations. Because of technological advances, especially in the
area of imaging, results of older studies may not be relevant to current clinical decisions.
We decided to exclude non-English studies, as non-English language studies may not
contribute substantially to the evidence base in this research area. The inclusion of non-



English language studies can make the evidence base less transparent and ASTRO’s
guideline committee members may wish to use individual studies to formulate guidance.

Literature Search Strategies to Identify Studies to Answer the Key Questions: For
this review we will search a variety of sources and apply a number of approaches to
reduce potential reviewer errors and bias.

Sources: We will search the research databases PubMed, EMBASE, Web of Science,
Scopus, and CINAHL. PubMed indexes a wide-range of biomedical literature, EMBASE
emphasizes pharmacological and European journals, CINAHL includes nursing literature,
and the Web of Science and Scopus index many technology journals.

We will reference-mine published systematic reviews to ensure that all relevant studies
have been identified, i.e., rather than summarizing the reviews, we will use them as
sources to identify available research studies. In addition, we will search the ECRI
Guidelines Trust. To be included in the guideline database, guidelines have to be based
on a systematic review of the evidence base. These guidelines will be helpful for placing
the topic in the current policy context. We will also search the trial registry,
clinicaltrials.gov. Increasingly, authors provide results in trial records, and particularly
for new technology developments, trial registries are an important source of research
information.

Furthermore, we will seek input from content experts on the TEP and experts serving as
peer reviewers to help ensure that all relevant studies have been considered. Finally, a
Supplemental Evidence And Data for Systematic review (SEADS) portal will be
available and a Federal Register Notice will be posted for this review to ensure that all
relevant evidence has been considered.

The draft search strategy for the databases is documented in Appendix A. The search
strategies will be developed, executed, and documented by an experienced EPC librarian
and peer-reviewed by an experienced methodologist. The literature search will be
updated while the draft report is under peer review to ensure that the evidence included in
the final report is up to date.

Screening Procedures: The citations will be screened by two independent literature
reviewers. Citations deemed relevant by at least one reviewer will be obtained as full text.
Full text articles and grey literature material will be screened by two independent
reviewers against the explicit eligibility criteria. Any discrepancies will be discussed
among the full review team.

Data Abstraction and Data Management: Data will be abstracted in an online data
abstraction program for systematic reviews (DistillerSR). The abstraction forms include
detailed instructions, definitions, and descriptions of categories to guide reviewers and to
avoid ambiguities. The data abstraction will be checked for accuracy and consistency
across studies by an experienced literature reviewer. The progress will be monitored
frequently, any questions will be discussed among the review team, and additional
guidance will be added to the online forms as needed.

The data abstraction process will capture all information published about the study,
including information in the trial record, study protocol, interim analyses, main analysis,



or subgroup analyses. Multiple publications reporting on the same participant groups will
be counted as single studies and will not enter the review analysis multiple times.
Throughout the data abstraction process, publications reporting on the same participant
group will be consolidated.

The data abstraction will include study-level variables that will be displayed in evidence
tables and variables that will be used in the review analysis, critical appraisal of the
study, or assessment of applicability:

e Study characteristics

(0]

Author and publication year of the main publication, country, PubMed
entry link, trial registration number, additional publications reporting on
the study, type of publication (journal manuscript, trial record), study
status (e.g., early trial termination, preliminary data only), study design
(parallel RCT, cluster RCT, clinical trial, cohort study), key question
contribution (effects, adverse events, both), number of participants (study
size indication), power calculation for non-inferiority analysis, and
funding type (industry-funded, industry-funded but unrestricted grant,
unclear, non-industry funding)

e Participant characteristics

o
(0]

Age (mean, standard deviation [SD]), gender (% female)

Diagnosis and cancer origin (melanoma; breast; non-small cell lung
cancer; combination of melanoma, breast, and lung cancer; combination of
cancer diagnoses)

Extent of metastases: number of metastases (mean, SD, other measures),
volume of metastases (mean, SD, other measures), size of metastases
(mean, SD, other measures)

Prognostic information (using the authors’ classification, proportion of
patients with poor or good prognosis, limited/favorable versus extensive
brain metastases), prognosis classification for analysis (poor; unclear or
mixed; good)

e Intervention arms

(0]

Intervention type (initial WBRS, initial SRS, post WBRS, post SRS),
intervention description and technique (e.g., hippocampus-sparing),
radiation dose and fractionation (e.g., 4000 cGy, 20 fractions bid), N
randomized (or initially included), N analyzed
Co-treatment type (systemic therapy, additional WBRS or SRS, other), co-
treatment description (e.g., chemotherapy, genotype-directed [yes/no],
dose, duration), pre-treatment description (e.g., repeat SRS)

= the most intense intervention will be classified as the main

intervention

e Control and comparator arms

(0}

Type, description, dose, fractionation, and co-treatment
= the least intense intervention will be classified as the main
comparator

e Outcomes and results
o Type (survival, quality of life, cancer-related effectiveness, functional

status, cognitive effect, neurological function, adverse event, serious



adverse effects), measure description and origin (e.g. assessment scale,
hospital record data), follow up calculated from start of the intervention,
follow up calculated from end of the intervention, results at latest follow
up comparing intervention and control arms

To facilitate comparisons across studies, we will standardize descriptions throughout
(e.g., reporting intervention characteristics in a clear structure) and convert study
characteristics to proportions (e.g., % female). Results will be converted to measure-
independent variables such as standardized mean differences (SMDs), relative risks
(RRs), and hazard ratios (HRs). All results will be presented together with the 95%
confidence interval (Cl).

Assessment of Methodological Risk of Bias of Individual Studies: All included studies
will be assessed for key sources of bias that may have influenced the reported results. The
assessments will be undertaken by one reviewer; a second reviewer will check the
assessment for accuracy and consistency across studies.

Studies contributing to key question 1 through 3 will be assessed for the following
sources of bias:

e Selection bias and risk of bias arising from the randomization process
Performance bias and bias due to deviations from intended interventions
Attrition bias and bias due to missing outcome data
Detection bias and bias in measurement of the outcome
Reporting bias and bias in selection of the reported results
Other sources of bias

The risk of bias domain selection was informed by established risk of bias assessment
approaches and the latest revision of the Cochrane Risk of Bias Tool (RoB 2) that is
currently being applied in practice.”* For selection bias, we will assess the randomization
sequence and allocation concealment in RCTs as well as baseline differences and
potential confounders in all studies. Performance bias will evaluate whether patient- or
caregiver knowledge of the intervention allocation or circumstances such as the trial
context may have affected the outcome, and whether any deviations from intended
interventions were balanced between groups. Attrition bias will consider the number of
dropouts, any imbalances across study arms, and whether missing values may have
affected the reported outcomes. Detection bias will assess whether outcome assessors
were aware of the intervention allocation, whether this knowledge could have influenced
the outcome measurement, and whether the outcome ascertainment could differ between
arms. Reporting bias assessment will include an evaluation of whether a pre-specified
analysis plan exists (e.g., a published protocol), whether the numerical results likely have
been selected on the basis of the results, and whether key outcomes were not reported
(e.g., an obvious effectiveness indicator is missing) or inadequately reported (e.g.,
anecdotal adverse event reporting). In addition, we will assess other potential sources of
bias such as early termination of trials, inadequate reporting of intervention details, and
lack of intention-to-treat analyses. For the outcomes functional status and quality of life
we will assess whether the outcome assessment used scales that have been validated for
patients with brain tumors.

10



Given that the reliability and validity of the data are critical to answer key question 4 and
adverse event reporting is often lacking in rigor, we will apply an additional critical
appraisal tool for adverse event research, assessing the following:" 76

e Data collection of adverse events

e Reporting of adverse events

The appraisal of the data collection method will evaluate the rigor of the adverse event
assessment (e.g., use of a scale or checklist) and whether adverse events were collected
actively (e.g., all participants were asked about the occurrence of specific harms) or
passively (e.g., participants might have reported events at their discretion but without
structured assessment or specific prompts). The reporting will also assess whether
adverse events, including serious adverse events, were defined by the study authors. In
addition, we will review whether the authors specified the number of participants affected
by each type of adverse event (the number of adverse events per group is a problematic
measure because some patients experience multiple events).

For each risk-of-bias criterion, we will assess high, moderate or unclear, and low risk of
bias. In addition, literature reviewers will be asked to provide two overall summary
assessments, one for the outcome domain, patient health outcomes, and one for adverse
events. The assessments will determine the suitability of the study to answer key
questions 1 through 3 and key question 4, respectively. The critical appraisal result will
be used for sensitivity analyses where appropriate (e.g., excluding high risk of bias
studies). The summary assessments will be incorporated into the strength of evidence
assessment.

Data Synthesis: The results will be documented in a structured synthesis, supported by
tables and figures, as well as, potentially, an online portal providing access to the
included studies. The included studies will be broadly characterized based on study
characteristics, participant details, intervention categories, identified comparator, and
outcome categories employed in the published studies. Study details and results of all
included studies will be documented in an evidence table that allows a concise overview.
The included studies will likely represent a multitude of comparisons—such as SRS
versus WBRT or SRS plus surgery versus surgery alone. Thus, we will map the network
of available research for each of the four key questions to provide an overview of the
evidence base. Figures will document the available interventions and comparators for
each of the four key questions.

Analysis Plan for Key Questions 1-3: Key questions 1 through 3 aim to evaluate the
effects and comparative effects of different radiation therapy interventions (WBRT, SRS,
post-surgery treatment) and intervention combinations. For all studies where a similar
comparator was employed (e.qg., all evaluated interventions compared to surgery alone),
individual and summary results will be shown in forest plots to answer the key questions
(measure comparability permitted). The forest plots will provide a clear overview of the
individual effects, study size, direction of effects across studies, and outliers in the study
pool. The risk of bias will be integrated into the forest plots, where possible, and
discussed when summarizing the forest plot results. We will present stratified forest plots
that use broad categories (e.g., WBRT, WBRT plus SRS) to organize the research
studies. To determine the comparative effects of interventions, we will use direct
evidence from head-to-head comparisons (e.g., WBRS vs SRS). In addition, we will
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explore effects through indirect comparisons across studies. Specifically, we will assess
whether combination treatments of WBRT plus SRS are more effective than the
individual interventions WBRT or SRS.

Given the evidence base and review questions, we will assess the suitability of the
available research for network meta-analyses. A network analysis will be able to
incorporate direct and indirect evidence. The suitability evaluation will assess
homogeneity, transitivity, and consistency of the data. We will assess statistical
heterogeneity and review the studies qualitatively for potential effect modifiers to ensure
adequate homogeneity.

The subquestion section shows key study-level characteristics that will be explored in this
review. To assess transitivity, we will establish the available connections for each review
question and the resulting potential network, i.e., the different comparisons in the
included trials. To assess the consistency assumption, we will calculate effect sizes for
the direct comparisons and compare results with the indirect network comparison
estimates to ensure that there are no clear violations of the assumption. If there are
insufficient studies for connected networks for the outcomes of interest within key
questions, we will use pairwise meta-analyses for summary effect estimates. Where only
unique outcome, intervention, and comparator combinations can be found, we will list the
individual study’s point estimates and confidence intervals to address the key questions.

Outcome domains (e.g., survival, quality of life, functional status, metastases control,
cognitive effects, neurological symptoms) for analyses were selected with input from the
TEP. The TEP also provided input on outcome measures within outcome domains (e.g.,
disease free survival vs overall survival; see Box 1).

For eligible interventions for which no RCTs were identified, we will review the studies
that met inclusion criteria for Key Question 4. However, the analysis will be interpreted
with caution given the study limitations of observational and non-randomized studies.

Analysis plan for Key question 4: For Key Question 4, the synthesis will focus on key
adverse events, also selected with input from the TEP. All analyses will consider the
number of studies that assessed an adverse event and the observed events. The analysis
will report on the presence and the absence of events.

For this key question, a number of study designs are eligible to contribute information.
Given the nature of the clinical condition, we will assess the frequency of adverse events
for an intervention compared to those for a similar control group, i.e., in comparison to a
sample also affected by brain metastases but receiving a different or no treatment. We
will aim to quantify the effects across studies, for example by calculating the number of
patients with serious adverse events. We will highlight results with clear denominators
(e.g., number of patients with the event) but may report on less clear denominators (e.qg.,
number of events) as sensitivity analyses (individual patients can experience multiple
adverse events).

Where studies report events for one arm, we will assume that no event occurred in the
other study arm. We will use the authors’ classification of serious adverse events.
However, if not specified, we will apply the FDA definition of serious adverse events
(death, life-threating, requiring hospitalization, disability or permanent damage,
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congenital anomaly, requiring intervention to prevent permanent impairment, or other
serious events).’’

We will evaluate if RCT data for individual outcomes of interest exist that can be
assessed in a network meta-analysis. In the absence of suitable data, we will aim to report
pairwise comparisons for the selected outcomes to pool across studies. We anticipate that
several outcomes of interest will be available only in individual studies: Even when
studies report on the same outcome domain, differences in measurement may not allow
us to combine studies (e.g., number of patients with fatigue reported in one study, mean
differences in fatigue according to a rating scale in another study). However, throughout
the report, we will use measures that facilitate comparisons between studies by
converting the number of patients to proportions and using scale and measure-
independent effect estimates such as relative risks.

Summary Across Studies: Throughout, where possible, study results will be synthesized
in statistically pooled analyses to provide a numerical estimate of the size of the treatment
effect across all available research evidence. For key question 1, the analysis will be
centered around WBRT as initial treatment. For key question 2, the analysis will be
centered around SRS as initial treatment. For key question 3, the analysis will focus on
postoperative treatment. The analyses for key question 4 will address adverse events
associated with all eligible interventions. The review will inform decisional dilemmas for
patients (e.g., how do the intervention options compare, what are the effects on critical
outcomes such as survival and quality of life after treatment; KQ1-3) and what adverse
effects need to be expected (KQ4)? We will follow the principle of “first lumping, then
splitting.” While differentiation is important where studies are clinically and empirically
different, given the many interventions and intervention combination, an analysis that is
too granular will also not be adequate to answer the key questions. The network meta-
analysis will be based on a frequentist approach using the netmeta package in R. Pair-
wise meta-analyses will use random effects models with Knapp-Hartung corrections
using the metafor package in R.”® Heterogeneity will be documented using the I-squared
statistic.

Initial analyses will aim to assess effects of the broad categories WBRT, SRS, WBRT
plus SRS, and WBRT plus systemic therapies addressed in the key questions. More
granular analyses will be based on the available comparisons reported in individual
studies. The anticipated nodes across key questions are WBRT alone, hippocampal-
avoidance WBRT, WBRT plus radiosensitizer, WBRT plus steroids, WBRT plus
supportive care, WBRT plus memantine, hippocampal-avoidance WBRT plus
memantine, WBRT plus chemotherapy, WBRT plus surgery, WBRT plus SRS, SRS
alone, SRS plus immunotherapy, SRS plus surgery, surgery alone, immunotherapy alone,
chemotherapy alone, and observation. Chemotherapy, immunotherapy, and
radiosensitizer agents will be grouped for the analyses. The effects of different
fractionations will be assessed in separate analyses to answer the subquestions. We will
consult with ASTRO for interventions and groups of interventions of interest that may
require additional or different nodes as the guideline plans develop. The combination of
direct and indirect evidence will help with identifying the effects of the numerous
treatment options.
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Analyses will be conducted for the outcomes of interest identified in the strength of
evidence assessment using the longest follow-up reported in the individual studies.
Where outcome domains do not specify a metric or method of aggregation (e.g., mean
differences or counts), we will choose the measure that allows the most studies to enter
the analysis. Where heterogeneity is detected in the analyses, we will explore potential
sources, for example through subgroup analyses. Specifically, we will evaluate the
publication year as a potential source of heterogeneity. If a systematic effect is detected,
the review needs to report sensitivity analyses (e.g., omitting older studies) or stratify the
results by publication year cluster (e.g., 2010 to date). For comparisons that show
statistically significant differences across studies, we will assess publication bias.”®
Where publication bias is indicated, we will use the trim and fill method to provide
adjusted estimates. Sensitivity analyses will explore the robustness of key results, for
example by excluding studies with high risk of bias.

Regardless of whether studies can be combined in a meta-analysis for a key question, all
studies meeting inclusion criteria will be summarized in a narrative synthesis. The
synthesis will be structured by interventions, comparators, and outcomes and will mirror
the summary of findings table used for documenting the strength of evidence assessment.
Summary results across studies will report the magnitude of the effect as well as the
direction of effects.

Subquestions and subgroup analyses: Subquestions 1a-c, 2a-c, 3a, and 4a address
intervention and patient characteristics. We will answer the subquestions with direct
evidence whenever possible, for example where dose fractionation schedules have been
compared in head-to-head comparisons. In addition, especially in the absence of direct
evidence, we will compare studies indirectly. Where meta-analysis is possible, we will
add variables of interest to the meta-analytic model to determine whether study findings
vary systematically depending on the variable of interest (e.g., whether the addition of
memantine systematically influences treatment outcomes). The meta-regressions may use
qualitative categories (e.g., cancer sites) or quantitative operationalizations (e.g., number
of metastases).

While we need to work with what is reported in identified studies, and studies may vary
in their reporting of clinical categories (e.g., limited/favorable versus extensive brain
metastases), the classifications will be clearly defined to ensure transparency.

We will aim to assess the effects of all characteristics called out in the subquestions (dose
fractionation schedule and technique, patient characteristics, patient prognosis, primary
tumor site, addition of systematic therapies) with the identified studies. Where analyses
indicate systematic differences across studies, we will stratify studies and present data for
the subgroups of interest separately. Furthermore, the TEP will provide input on
important subgroups that should be differentiated. These subgroups will be established a
priori.

Finally, we will present analyses according to how the evidence will be used. For
example, if the ASTRO guideline committee plans to stratify recommendations by
specific prognostic or tumor characteristics, we will provide an equivalent evidence
summary for the area of interest.
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Grading the Strength of Evidence for Major Comparisons and Outcomes: We will
review the quality of evidence across studies for the selected outcomes, and the report
will communicate the strength of evidence clearly.

For each key question, no more than seven outcomes will be considered, to ensure a
concise overview. While the evidence table will report all patient outcomes and reported
adverse events for the identified studies, it is critical that the strength of evidence
assessment applies a concise set of evaluation criteria to describe the findings across
studies. The report will include evidence statements for outcomes outlined in the box
below. Outcome domains and individual outcome measures were selected for their
relevance and importance, and the selection was made a priori—i.e., before the results of
studies were known—to ensure an unbiased evidence assessment. As part of the review
process, we gathered input from TEP members regarding potential outcomes of
importance based on published studies and existing systematic reviews. Outcomes were
ranked and checked for conceptual overlap.

Box 1: Key Outcomes

Outcomes for Key Question 1-3

Overall survival (time to death, hazard ratio)

Quality of life as measured by validated scales

Cognitive function measured by any scale

Deaths due to brain metastases (number of patients, relative risk)

Disease-free survival (time to event, hazard ratio)

Intracranial progression/central nervous system failure (development of new or

progressive metastases)

7. Functional status as measured by any scale or measure (standardized mean
differences)

ourwbdE

Outcomes for Key Question 4 (adverse events)
Number of patients with serious adverse events
Number of adverse events

Any specific adverse event most often assessed
Radiation necrosis

Fatigue

Seizure

Vomiting

NoogkrwbdE

The outcomes will be used to compare between studies, and they will be used to answer
the review questions. The summary of findings table will document the presence and the
absence of evidence for each of the selected outcomes.

We will document the findings across studies as well as the quality of the evidence and
our confidence in effect estimates. The strength of evidence assessment will use the
AHRQ EPC program strength of evidence assessment categories. The strength of
evidence assessment will take the following domains into account:

e Study limitations

e Directness
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e Consistency
e Precision
e Reporting bias

The domains are compatible with the GRADE group’s criteria to downgrade the quality
of evidence. Study limitations can be judged as low, medium, or high level of study
limitations. Directness differentiates between direct (head-to-head) and indirect (across
studies) evidence. The domain consistency differentiates among consistent, inconsistent,
and unknown in the case of a result that is based on a single study and that has not been
replicated yet. Precision is scored as either precise or imprecise, where precise indicates
the result reflects a clinically unambiguous conclusion. Where results are primarily based
on network meta-analysis findings, the strength of evidence assessment will be informed
by the new Cochrane guidance on network meta-analysis.®° The domain, reporting bias,
differentiates between suspected bias (e.g., there is indication of publication bias,
selective outcome reporting, or selective reporting of the analysis) and undetected bias
(no bias indicated).

Each evidence statement will be assessed with these criteria to determine the overall
strength of evidence. We will differentiate the following strength of evidence levels:

e High

e Medium

e Low

e Insufficient evidence

The categories communicate the confidence in the summary estimates for the findings
across studies. The evidence statements will be drafted by one literature reviewer and
discussed among the team to ensure quality control and consistency of interpretation.

We will highlight the direction and size of effect narratively in addition to providing the
numerical point estimate and confidence interval. Throughout, results will be interpreted
with caution. For comparative effectiveness assessments (Key Questions 1 through 3)
that do not show a statistically significant difference between interventions, we will take
evidence of statistical power to detect differences into account before making non-
inferiority statements for interventions. The interpretation of Key Question 4 will take
into account that frequentist approaches are problematic for rare adverse events (rare
events require large samples to detect effects). Associations of adverse events with an
intervention will be based on comparative evaluations, and events in the intervention
group will be reported together with events documented in control groups not exposed to
the intervention.

Key results that are based on measure-independent effect estimates, such as relative risks
or standardized mean differences, will be translated into absolute effects or mean
differences on known scales to help the interpretation of the effect. We will call out
specific areas of uncertainty such as large effects that are not statistically significant
(given that the number and the size of studies also affect statistical significance) and
outline the range of possible effects consistent with the data. If we determine that there is
‘insufficient’” evidence, we will provide additional information about the specific data
limitations to assist in decision-making.
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The review will document available research as well as remaining research gaps. The gap
presentation will be structured by key question and subquestion and will use the
eligibility criteria framework PICOTSS to provide concrete recommendations for future
research. The report discussion will compare our findings with those of existing reviews
and guideline conclusions to place the results in context. We will highlight similarities
and discrepancies for the reader.

Assessing Applicability: The applicability assessment will take the developing
technology in the field of radiation therapy into account, review the samples included in
the studies, and review the outcome measurement.

The review is purposefully limited to studies conducted in 1990 or later to ensure that the
review can advise on current decisional dilemmas, and we will consider publication year
as a potential source of heterogeneity. In addition, we will critically review the samples
included in existing trials to determine how well they represent the population of patients
with brain metastases. We will review the applicability of the assessment scales to the
population of interest. The adverse event assessment will specifically include larger
observational studies and not limit the assessment to findings in RCTSs.

V. References

1. Gavrilovic IT, Posner JB. Brain metastases: epidemiology and pathophysiology. J
Neurooncol. 2005 Oct;75(1):5-14. doi: 10.1007/s11060-004-8093-6. PMID: 16215811.

2. Park DM, Posner JB. Management of intracranial metastases: history. In: R S, ed
Intracranial metastases: current management strategies. Oxford, England: Blackwell
Publishing Ltd; 2004:p. 3-109.

3. Fox BD, Cheung VJ, Patel AJ, et al. Epidemiology of metastatic brain tumors.
Neurosurg Clin N Am. 2011 Jan;22(1):1-6, v. doi: 10.1016/j.nec.2010.08.007. PMID:
21109143.

4. Lin X, DeAngelis LM. Treatment of Brain Metastases. J Clin Oncol. 2015 Oct
20;33(30):3475-84. doi: 10.1200/JC0.2015.60.9503. PMID: 26282648.

5. Sperduto PW, Chao ST, Sneed PK, et al. Diagnosis-specific prognostic factors,
indexes, and treatment outcomes for patients with newly diagnosed brain metastases: a
multi-institutional analysis of 4,259 patients. Int J Radiat Oncol Biol Phys. 2010 Jul
1;77(3):655-61. doi: 10.1016/j.ijrobp.2009.08.025. PMID: 19942357.

6. Sperduto PW, Jiang W, Brown PD, et al. Estimating Survival in Melanoma Patients
With Brain Metastases: An Update of the Graded Prognostic Assessment for Melanoma
Using Molecular Markers (Melanoma-molGPA). Int J Radiat Oncol Biol Phys. 2017 Nov
15;99(4):812-6. doi: 10.1016/j.ijrobp.2017.06.2454. PMID: 29063850.

7. Sperduto PW, Kased N, Roberge D, et al. Effect of tumor subtype on survival and the
graded prognostic assessment for patients with breast cancer and brain metastases. Int J
Radiat Oncol Biol Phys. 2012 Apr 1;82(5):2111-7. doi: 10.1016/j.ijrobp.2011.02.027.
PMID: 21497451,

17



8. Sperduto PW, Yang TJ, Beal K, et al. Improved survival and prognostic ability in lung
cancer patients with brain metastases: an update of the graded prognostic assessment for
lung cancer using molecular markers (lung-molGPA). JAMA Oncol. 2016;3:827-31.

9. Mulvenna P, Nankivell M, Barton R, et al. Dexamethasone and supportive care with
or without whole brain radiotherapy in treating patients with non-small cell lung cancer
with brain metastases unsuitable for resection or stereotactic radiotherapy (QUARTZ):
results from a phase 3, non-inferiority, randomised trial. Lancet. 2016 Oct
22;388(10055):2004-14. doi: 10.1016/S0140-6736(16)30825-X. PMID: 27604504.

10. Tsao MN, Rades D, Wirth A, et al. Radiotherapeutic and surgical management for
newly diagnosed brain metastasis(es): An American Society for Radiation Oncology
evidence-based guideline. Pract Radiat Oncol. 2012 Jul-Sep;2(3):210-25. doi:
10.1016/j.prr0.2011.12.004. PMID: 25925626.

11. Gaspar LE, Prabhu RS, Hdeib A, et al. Congress of Neurological Surgeons
Systematic Review and Evidence-Based Guidelines on the Role of Whole Brain
Radiation Therapy in Adults With Newly Diagnosed Metastatic Brain Tumors.
Neurosurgery. 2019 Mar 1;84(3):E159-e62. doi: 10.1093/neuros/nyy541. PMID:
30629211.

12. Ammirati M, Nahed BV, Andrews D, et al. Congress of Neurological Surgeons
Systematic Review and Evidence-Based Guidelines on Treatment Options for Adults
With Multiple Metastatic Brain Tumors. Neurosurgery. 2019 Mar 1;84(3):E180-e2. doi:
10.1093/neuros/nyy548. PMID: 30629219.

13. Graber JJ, Cobbs CS, Olson JJ. Congress of Neurological Surgeons Systematic
Review and Evidence-Based Guidelines on the Use of Stereotactic Radiosurgery in the
Treatment of Adults With Metastatic Brain Tumors. Neurosurgery. 2019 Mar
1;84(3):E168-e70. doi: 10.1093/neuros/nyy543. PMID: 30629225.

14. Soffietti R, Abacioglu U, Baumert B, et al. Diagnosis and treatment of brain
metastases from solid tumors: guidelines from the European Association of Neuro-
Oncology (EANO). Neuro Oncol. 2017 Feb 1;19(2):162-74. doi:
10.1093/neuonc/now241. PMID: 28391295.

15. National Institute for Health and Care Excellence: Clinical Guidelines. Brain
tumours (primary) and brain metastases in adults. London; 2018.

16. Hart MG, Grant R, Walker M, et al. Surgical resection and whole brain radiation
therapy versus whole brain radiation therapy alone for single brain metastases. Cochrane
Database Syst Rev. 2005 Jan 25(1):Cd003292. doi: 10.1002/14651858.CD003292.pub2.
PMID: 15674905.

17. Mehta MP, Tsao MN, Whelan TJ, et al. The American Society for Therapeutic
Radiology and Oncology (ASTRO) evidence-based review of the role of radiosurgery for
brain metastases. Int J Radiat Oncol Biol Phys. 2005 Sep 1;63(1):37-46. doi:
10.1016/j.ijrobp.2005.05.023. PMID: 16111570.

18. Pease NJ, Edwards A, Moss LJ. Effectiveness of whole brain radiotherapy in the
treatment of brain metastases: a systematic review. Palliat Med. 2005 Jun;19(4):288-99.
doi: 10.1191/0269216305pm10170a. PMID: 15984501.

18



19. Tsao MN, Lloyd NS, Wong RK. Clinical practice guideline on the optimal
radiotherapeutic management of brain metastases. BMC Cancer. 2005 Apr 4;5:34. doi:
10.1186/1471-2407-5-34. PMID: 15807895.

20. Fuentes R, Bonfill X, Exposito J. Surgery versus radiosurgery for patients with a
solitary brain metastasis from non-small cell lung cancer. Cochrane Database Syst Rev.
2006 Jan 25(1):Cd004840. doi: 10.1002/14651858.CD004840.pub2. PMID: 16437498.

21. Perry J, Zinman L, Chambers A, et al. The use of prophylactic anticonvulsants in
patients with brain tumours-a systematic review. Curr Oncol. 2006 Dec;13(6):222-9.
PMID: 22792022,

22. Stafinski T, Jhangri GS, Yan E, et al. Effectiveness of stereotactic radiosurgery alone
or in combination with whole brain radiotherapy compared to conventional surgery
and/or whole brain radiotherapy for the treatment of one or more brain metastases: a
systematic review and meta-analysis. Cancer Treat Rev. 2006 May;32(3):203-13. doi:
10.1016/j.ctrv.2005.12.009. PMID: 16472924,

23. Mintz A, Perry J, Spithoff K, et al. Management of single brain metastasis: a practice
guideline. Curr Oncol. 2007 Aug;14(4):131-43. doi: 10.3747/c0.2007.129. PMID:
17710205.

24. Wong J, Hird A, Kirou-Mauro A, et al. Quality of life in brain metastases radiation
trials: a literature review. Curr Oncol. 2008 Oct;15(5):25-45. PMID: 19008990.

25. Lalondrelle S, Khoo V. Brain metastases. BMJ Clin Evid. 2009 Mar 12;2009. PMID:
19445757.

26. Muller-Riemenschneider F, Bockelbrink A, Ernst I, et al. Stereotactic radiosurgery
for the treatment of brain metastases. Radiother Oncol. 2009 Apr;91(1):67-74. doi:
10.1016/j.radonc.2008.12.001. PMID: 19135750.

27. Kalkanis SN, Kondziolka D, Gaspar LE, et al. The role of surgical resection in the
management of newly diagnosed brain metastases: a systematic review and evidence-
based clinical practice guideline. J Neurooncol. 2010 Jan;96(1):33-43. doi:
10.1007/s11060-009-0061-8. PMID: 19960230.

28. Linskey ME, Andrews DW, Asher AL, et al. The role of stereotactic radiosurgery in
the management of patients with newly diagnosed brain metastases: a systematic review
and evidence-based clinical practice guideline. J Neurooncol. 2010 Jan;96(1):45-68. doi:
10.1007/s11060-009-0073-4. PMID: 19960227.

29. Mehta MP, Paleologos NA, Mikkelsen T, et al. The role of chemotherapy in the
management of newly diagnosed brain metastases: a systematic review and evidence-
based clinical practice guideline. J Neurooncol. 2010 Jan;96(1):71-83. doi:
10.1007/s11060-009-0062-7. PMID: 19960229.

30. Olson JJ, Paleologos NA, Gaspar LE, et al. The role of emerging and investigational
therapies for metastatic brain tumors: a systematic review and evidence-based clinical
practice guideline of selected topics. J Neurooncol. 2010 Jan;96(1):115-42. doi:
10.1007/s11060-009-0058-3. PMID: 19957013.

19



31. Rosenfelder N, Khoo V. Brain metastases. BMJ Clin Evid. 2011 Jul 26;2011. PMID:
21791125.

32. Wiggenraad R, Verbeek-de Kanter A, Kal HB, et al. Dose-effect relation in
stereotactic radiotherapy for brain metastases. A systematic review. Radiother Oncol.
2011 Mar;98(3):292-7. doi: 10.1016/j.radonc.2011.01.011. PMID: 21316787.

33. Kyritsis AP, Markoula S, Levin VA. A systematic approach to the management of
patients with brain metastases of known or unknown primary site. Cancer Chemother
Pharmacol. 2012 Jan;69(1):1-13. doi: 10.1007/s00280-011-1775-9. PMID: 22042515.

34. Gans JH, Raper DM, Shah AH, et al. The role of radiosurgery to the tumor bed after
resection of brain metastases. Neurosurgery. 2013 Mar;72(3):317-25; discussion 25-6.
doi: 10.1227/NEU.0b013e31827fcd60. PMID: 23208065.

35. Hyun MK, Hwang JS, Kim JH, et al. Survival outcomes after whole brain radiation
therapy and/or stereotactic radiosurgery for cancer patients with metastatic brain tumors
in Korea: a systematic review. Asian Pac J Cancer Prev. 2013;14(12):7401-7. PMID:
24460310.

36. Liu Y, Chen J. [Advances in diagnosis and treatment of brain metastases from the
primary lung cancer]. Zhongguo Fei Ai Za Zhi. 2013 Jul;16(7):382-6. doi:
10.3779/}.i1ssn.1009-3419.2013.07.10. PMID: 23866671.

37. Meng FL, Zhou QH, Zhang LL, et al. Antineoplastic therapy combined with whole
brain radiation compared with whole brain radiation alone for brain metastases: a
systematic review and meta-analysis. Eur Rev Med Pharmacol Sci. 2013 Mar;17(6):777-
87. PMID: 23609361.

38. Rodrigues G, Bauman G, Palma D, et al. Systematic review of brain metastases
prognostic indices. Pract Radiat Oncol. 2013 Apr-Jun;3(2):101-6. doi:
10.1016/j.prro.2012.04.001. PMID: 24674312.

39. Andrevska A, Knight KA, Sale CA. The feasibility and benefits of using volumetric
arc therapy in patients with brain metastases: a systematic review. J Med Radiat Sci. 2014
Dec;61(4):267-76. doi: 10.1002/jmrs.69. PMID: 25598981.

40. Lubrano V, Derrey S, Truc G, et al. [Locoregional treatments of brain metastases for
patients with metastatic cutaneous melanoma: French national guidelines].
Neurochirurgie. 2014 Dec;60(6):269-75. doi: 10.1016/j.neuchi.2014.05.002. PMID:
25241016.

41. Nieder C, Grosu AL, Gaspar LE. Stereotactic radiosurgery (SRS) for brain
metastases: a systematic review. Radiat Oncol. 2014 Jul 12;9:155. doi: 10.1186/1748-
717x-9-155. PMID: 250163009.

42. Soon YY, Tham IW, Lim KH, et al. Surgery or radiosurgery plus whole brain
radiotherapy versus surgery or radiosurgery alone for brain metastases. Cochrane
Database Syst Rev. 2014 Mar 1(3):Cd009454. doi: 10.1002/14651858.CD009454.pub?2.
PMID: 24585087.

20



43. Goyal S, Silk AW, Tian S, et al. Clinical Management of Multiple Melanoma Brain
Metastases: A Systematic Review. JAMA Oncol. 2015 Aug;1(5):668-76. doi:
10.1001/jamaoncol.2015.1206. PMID: 26181286.

44. Hendriks LE, Schoenmaekers J, Zindler JD, et al. Safety of cranial radiotherapy
concurrent with tyrosine kinase inhibitors in non-small cell lung cancer patients: A
systematic review. Cancer Treat Rev. 2015 Jul;41(7):634-45. doi:
10.1016/j.ctrv.2015.05.005. PMID: 25990950.

45. Qin H, Wang C, Jiang Y, et al. Patients with single brain metastasis from non-small
cell lung cancer equally benefit from stereotactic radiosurgery and surgery: a systematic
review. Med Sci Monit. 2015 Jan 12;21:144-52. doi: 10.12659/msm.892405. PMID:
25579245,

46. Soon YY, Leong CN, Koh WY, et al. EGFR tyrosine kinase inhibitors versus cranial
radiation therapy for EGFR mutant non-small cell lung cancer with brain metastases: a
systematic review and meta-analysis. Radiother Oncol. 2015 Feb;114(2):167-72. doi:
10.1016/j.radonc.2014.12.011. PMID: 25583566.

47. Bai GR, An JB, Chu Y, et al. Comparison of the effectiveness of whole-brain
radiotherapy plus temozolomide versus whole-brain radiotherapy in treating brain
metastases based on a systematic review of randomized controlled trials. Anticancer
Drugs. 2016 Jan;27(1):1-8. doi: 10.1097/cad.0000000000000295. PMID: 26426520.

48. Cohen-Inbar O, Sheehan JP. The role of stereotactic radiosurgery and whole brain
radiation therapy as primary treatment in the treatment of patients with brain
oligometastases - A systematic review. J Radiosurg SBRT. 2016;4(2):79-88. PMID:
29296432.

49. Kaidar-Person O, Zagar TM, Ewend M, et al. Frameless LINAC-based stereotactic
radiation therapy to brain metastasis resection cavity without whole-brain radiation
therapy: A systematic review. Pract Radiat Oncol. 2016 Sep-Oct;6(5):324-30. doi:
10.1016/j.prr0.2016.01.002. PMID: 26922701.

50. Peters S, Bexelius C, Munk V, et al. The impact of brain metastasis on quality of life,
resource utilization and survival in patients with non-small-cell lung cancer. Cancer Treat
Rev. 2016 Apr;45:139-62. doi: 10.1016/j.ctrv.2016.03.009. PMID: 27019457.

51. Fenske DC, Price GL, Hess LM, et al. Systematic Review of Brain Metastases in
Patients With Non-Small-Cell Lung Cancer in the United States, European Union, and
Japan. Clin Lung Cancer. 2017 Nov;18(6):607-14. doi: 10.1016/j.cllc.2017.04.011.
PMID: 28571688.

52. Jiang X, Hidru TH, Zhang Z, et al. Evidence of elemene injection combined
radiotherapy in lung cancer treatment among patients with brain metastases: A systematic
review and meta-analysis. Medicine (Baltimore). 2017 May;96(21):e6963. doi:
10.1097/md.0000000000006963. PMID: 28538391.

53. Lamba N, Muskens IS, DiRisio AC, et al. Stereotactic radiosurgery versus whole-
brain radiotherapy after intracranial metastasis resection: a systematic review and meta-
analysis. Radiat Oncol. 2017 Jun 24;12(1):106. doi: 10.1186/s13014-017-0840-x. PMID:
28646895.

21



54. Magbool T, Agarwal A, Sium A, et al. Informational and Supportive Care Needs of
Brain Metastases Patients and Caregivers: a Systematic Review. J Cancer Educ. 2017
Dec;32(4):914-23. doi: 10.1007/s13187-016-1030-5. PMID: 27041700.

55. Nguyen SM, Castrellon A, Vaidis O, et al. Stereotactic Radiosurgery and Ipilimumab
Versus Stereotactic Radiosurgery Alone in Melanoma Brain Metastases. Cureus. 2017 Jul
25;9(7):e1511. doi: 10.7759/cureus.1511. PMID: 28959506.

56. Patil CG, Pricola K, Sarmiento JM, et al. Whole brain radiation therapy (WBRT)
alone versus WBRT and radiosurgery for the treatment of brain metastases. Cochrane
Database Syst Rev. 2017 Sep 25;9:Cd006121. doi: 10.1002/14651858.CD006121.pub4.
PMID: 28945270.

57. Petrelli F, Ghidini M, Lonati V, et al. The efficacy of lapatinib and capecitabine in
HER-2 positive breast cancer with brain metastases: A systematic review and pooled
analysis. Eur J Cancer. 2017 Oct;84:141-8. doi: 10.1016/j.ejca.2017.07.024. PMID:
28810186.

58. Sharieff W, Mulroy L, Weeks A, et al. Scalp Seeding Post Craniotomy and
Radiosurgery for Solitary Brain Metastasis: A Case Report and Systematic Review.
Cureus. 2017 Mar 7;9(3):e1083. doi: 10.7759/cureus.1083. PMID: 28405533.

59. Tian J, Luo Y, Xiang J, et al. Combined treatment for non-small cell lung cancer and
breast cancer patients with brain metastases with whole brain radiotherapy and
temozolomide: a systematic review and meta-analysis. J Neurooncol. 2017
Nov;135(2):217-27. doi: 10.1007/s11060-017-2572-z. PMID: 28726172,

60. Chao ST, De Salles A, Hayashi M, et al. Stereotactic Radiosurgery in the
Management of Limited (1-4) Brain Metasteses: Systematic Review and International
Stereotactic Radiosurgery Society Practice Guideline. Neurosurgery. 2018 Sep
1;83(3):345-53. doi: 10.1093/neuros/nyx522. PMID: 29126142.

61. Fuentes R, Osorio D, Exposito Hernandez J, et al. Surgery versus stereotactic
radiotherapy for people with single or solitary brain metastasis. Cochrane Database Syst
Rev. 2018 Aug 20;8:Cd012086. doi: 10.1002/14651858.CD012086.pub2. PMID:
30125049.

62. Petrelli F, Lazzari C, Ardito R, et al. Efficacy of ALK inhibitors on NSCLC brain
metastases: A systematic review and pooled analysis of 21 studies. PLoS One.
2018;13(7):e0201425. doi: 10.1371/journal.pone.0201425. PMID: 30052658.

63. Ramakrishna N, Temin S, Chandarlapaty S, et al. Recommendations on Disease
Management for Patients With Advanced Human Epidermal Growth Factor Receptor 2-
Positive Breast Cancer and Brain Metastases: ASCO Clinical Practice Guideline Update.
J Clin Oncol. 2018 Sep 20;36(27):2804-7. doi: 10.1200/jc0.2018.79.2713. PMID:
29939840.

64. Schimmel WCM, Gehring K, Eekers DBP, et al. Cognitive effects of stereotactic
radiosurgery in adult patients with brain metastases: A systematic review. Adv Radiat
Oncol. 2018 Oct-Dec;3(4):568-81. doi: 10.1016/j.adro.2018.06.003. PMID: 30370357.

22



65. Tsao MN, Xu W, Wong RK, et al. Whole brain radiotherapy for the treatment of
newly diagnosed multiple brain metastases. Cochrane Database Syst Rev. 2018 Jan
25;1:Cd003869. doi: 10.1002/14651858.CD003869.pub4. PMID: 29365347.

66. Lehrer EJ, Peterson JL, Zaorsky NG, et al. Single versus Multifraction Stereotactic
Radiosurgery for Large Brain Metastases: An International Meta-analysis of 24 Trials. Int
J Radiat Oncol Biol Phys. 2019 Mar 1;103(3):618-30. doi: 10.1016/j.ijrobp.2018.10.038.
PMID: 30395902.

67. Lu VM, Goyal A, Rovin RA, et al. Concurrent versus non-concurrent immune
checkpoint inhibition with stereotactic radiosurgery for metastatic brain disease: a
systematic review and meta-analysis. J Neurooncol. 2019 Jan;141(1):1-12. doi:
10.1007/s11060-018-03020-y. PMID: 30392086.

68. Rulli E, Legramandi L, Salvati L, et al. The impact of targeted therapies and
immunotherapy in melanoma brain metastases: A systematic review and meta-analysis.
Cancer. 2019 Jul 9. doi: 10.1002/cncr.32375. PMID: 31287564.

69. Trapani S, Manicone M, Sikokis A, et al. Effectiveness and safety of "real”
concurrent stereotactic radiotherapy and immunotherapy in metastatic solid tumors: a
systematic review. Crit Rev Oncol Hematol. 2019 Jul 11;142:9-15. doi:
10.1016/j.critrevonc.2019.07.006. PMID: 31325712.

70. Olson J, Kalkanis S, Ryken T. Congress of Neurological Surgeons Systematic
Review and Evidence-Based Guidelines for the Treatment of Adults With Metastatic
Brain Tumors: Executive Summary. Neurosurgery. 2019;84(3):550-2.

71. Nieder C, Grosu AL, Mehta MP. Brain metastases research 19902010: Pattern of
citation and systematic review of highly cited articles. The Scientific World Journal.
2012;2012. doi: 10.1100/2012/721598.

72. Qin H, Zhang KQ, Li WH, et al. Combining whole brain radiotherapy with target
drug for non-small cell lung cancer with multiple brain metastases: a systematic review.
Chinese Journal of Cancer Prevention and Treatment. 2015;22(4):300-4.

73. Zheng H, Liu QX, Hou B, et al. Clinical outcomes of WBRT plus EGFR-TKIs
versus WBRT or TKIs alone for the treatment of cerebral metastatic NSCLC patients: A
meta-analysis. Oncotarget. 2017;8(34):57356-64. doi: 10.18632/oncotarget.19054.

74. Sterne JAC, Savovic J, Page MJ, et al. RoB 2: a revised tool for assessing risk of bias
in randomised trials. BMJ. 2019;366:14898. PMID: 31462531.

75. Santaguida P, Raina P. The Development of the McHarm Quality Assessment Scale
for adverse events: Delphi Consensus on important criteria for evaluating harms.
McMaster University. 2012.

76. Chou R, Aronson N, Atkins D, et al. Assessing harms when comparing medical
interventions. In: Quality AfHRa, ed Methods Guide for Comparative Effectiveness
Reviews. Rockville, M; 2008.

77. U.S. Food and Drug Administration. What is a Serious Adverse Event?
https://www.fda.qgov/safety/reporting-serious-problems-fda/what-serious-adverse-event.
Accessed on October 10, 2019.

23


https://www.fda.gov/safety/reporting-serious-problems-fda/what-serious-adverse-event

78. IntHout J, loannidis JP, Borm GF. The Hartung-Knapp-Sidik-Jonkman method for
random effects meta-analysis is straightforward and considerably outperforms the
standard DerSimonian-Laird method. BMC Med Res Methodol. 2014 Feb 18;14:25. doi:
10.1186/1471-2288-14-25. PMID: 24548571.

79. Duval S, Tweedie R. Trim and fill: A simple funnel-plot-based method of testing and
adjusting for publication bias in meta-analysis. Biometrics. 2000 Jun;56(2):455-63.
PMID: 10877304.

80. Chaimani A, Caldwell DM, Li T, et al. Chapter 11: Undertaking network meta-
analyses. In: Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page MJ, et al., eds.
Cochrane Handbook for Systematic Reviews of Interventions version 6.0 (updated July
2019). Cochrane; 2019.

V1. Definitions of Terms and Abbreviations

AHRQ Agency for Healthcare Research and Quality

ASTRO American Society for Radiation Oncology

bid twice daily

cGy centigray

Cl confidence interval

EPC Evidence-based Practice Center

GPA Graded Prognostic Assessment

GRADE Grading of Recommendations Assessment, Development and Evaluation

HR hazard ratio

KQ key question

N number of participants

PCORI Patient-Centered Outcomes Research Institute

PICOTSS population, intervention, comparator, outcomes, timing, setting, study
design

RCT randomized controlled trial

RoB risk of bias

RR relative risk

SD standard deviation

SMD standardized mean difference

SRS stereotactic radiosurgery

TEP technical expert panel

us United States

WBRT whole brain radiation therapy

VII. Summary of Protocol Amendments

If the protocol needs to be amended, the EPC will give the date of each amendment,
describe the change, and give the rationale in this section.
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VIII. Review of Key Questions

The Agency for Healthcare Research and Quality (AHRQ) posted the Key Questions on
the AHRQ Effective Health Care Website for public comment. The Evidence-based
Practice Center (EPC) refined and finalized the Key Questions after review of the public
comments and seeking input from Key Informants and the Technical Expert Panel (TEP).
This input was intended to ensure that the key questions are specific and relevant.

IX. Key Informants

Key Informants are the end-users of research; they can include patients and caregivers,
practicing clinicians, relevant professional and consumer organizations, purchasers of
health care, and others with experience in making health care decisions. Within the EPC
program, the Key Informant role is to provide input into the decisional dilemmas and
help keep the focus on Key Questions that will inform health care decisions. The EPC
solicits input from Key Informants when developing questions for the systematic review
or when identifying high-priority research gaps and needed new research. Key Informants
are not involved in analyzing the evidence or writing the report. They do not review the
report, except as given the opportunity to do so through the peer or public review
mechanism.

Key Informants must disclose any financial conflicts of interest greater than $5,000 and
any other relevant business or professional conflicts of interest. Because of their role as
end-users, individuals are invited to serve as Key Informants and those who present with
potential conflicts may be retained. The AHRQ Task Order Officer (TOO) and the EPC
work to balance, manage, or mitigate any potential conflicts of interest identified.

X. Technical Experts

Technical Experts constitute a multi-disciplinary group of clinical, content, and
methodological experts who provide input in defining populations, interventions,
comparisons, or outcomes and identify particular studies or databases to search. The
Technical Expert Panel is selected to provide broad expertise and perspectives specific to
the topic under development. Divergent and conflicting opinions are common and
perceived as healthy scientific discourse that fosters a thoughtful, relevant systematic
review. Therefore, study questions, design, and methodological approaches do not
necessarily represent the views of individual technical and content experts. Technical
Experts provide information to the EPC to identify literature search strategies and suggest
approaches to specific issues as requested by the EPC. Technical Experts do not do
analysis of any kind; neither do they contribute to the writing of the report. They do not
review the report, except as given the opportunity to do so through the peer or public
review mechanism.

Members of the TEP must disclose any financial conflicts of interest greater than $5,000
and any other relevant business or professional conflicts of interest. Because of their
unique clinical or content expertise, individuals are invited to serve as Technical Experts
and those who present with potential conflicts may be retained. The AHRQ TOO and the
EPC work to balance, manage, or mitigate any potential conflicts of interest identified.
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XI. Peer Reviewers

Peer reviewers are invited to provide written comments on the draft report based on their
clinical, content, or methodological expertise. The EPC considers all peer review
comments on the draft report in preparing the final report. Peer reviewers do not
participate in writing or editing of the final report or other products. The final report does
not necessarily represent the views of individual reviewers.

The EPC will complete a disposition of all peer review comments. The disposition of
comments for systematic reviews and technical briefs will be published 3 months after
publication of the evidence report.

Potential peer reviewers must disclose any financial conflicts of interest greater than
$5,000 and any other relevant business or professional conflicts of interest. Invited peer
reviewers with any financial conflict of interest greater than $5,000 will be disqualified
from peer review. Peer reviewers who disclose potential business or professional
conflicts of interest can submit comments on draft reports through the public comment
mechanism.

XII. EPC Team Disclosures

None of the team members have any conflicts of interest to declare. EPC core team
members must disclose any financial conflicts of interest greater than $1,000 and any
other relevant business or professional conflicts of interest. Direct financial conflicts of
interest that cumulatively total more than $1,000 will usually disqualify an EPC core
team investigator.

XI11. Role of the Funder

This project was commissioned and funded by the Patient-Centered Outcomes Research
Institute (PCORI) and executed under Contract No. 290-2015-00009-1 from the Agency
for Healthcare Research and Quality, U.S. Department of Health and Human Services.
The AHRQ Task Order Officer reviewed the EPC response to contract deliverables for
adherence to contract requirements and quality. The authors of this report are responsible
for its content. Statements in the report should not be construed as endorsement by
PCORI, the Agency for Healthcare Research and Quality or the U.S. Department of
Health and Human Services.

XIV. Registration

This protocol will be registered in the international prospective register of systematic
reviews (PROSPERO).
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Appendix A. Search strategies: Radiation Therapy for Brain Metastases

PubMed

30 July 2019

((brain[tiab] OR head[tiab] OR Brain[mesh]) AND (metastasis[tiab] OR metastatic[tiab]
OR metastases[tiab] OR metastasectomy OR cancer*[tiab] OR neoplasm*[tiab] OR
carcinoma*[tiab])

AND radiation[tiab] OR radiosurgery[MeSH] OR radiosurgery[tiab] OR
radiosurgeries[tiab] OR radiotherapy[tiab] OR radiotherapies[tiab] OR irradiation[tiab]
OR WBRT[tiab] OR “gamma knife”[tiab] OR CyberKnife[tiab] OR LINAC]tiab])
RCT filter OR systematic review filter

OR

((brain[tiab] OR head[tiab] OR Brain[mesh]) AND (metastasis[tiab] OR metastatic[tiab]
OR metastases[tiab] OR metastasectomy OR cancer*[tiab] OR neoplasm*[tiab] OR
carcinoma*[tiab])

AND radiation[tiab] OR radiosurgery[MeSH] OR radiosurgery[tiab] OR
radiosurgeries[tiab] OR radiotherapy[tiab] OR radiotherapies[tiab] OR irradiation[tiab]
OR WBRT[tiab] OR “gamma knife”[tiab] OR CyberKnife[tiab] OR LINAC] tiab])
AND clinical trial*[tiab] OR cohort stud*[tiab] OR “case series”[tiab])

OR

((brain[tiab] OR head[tiab] OR Brain[mesh]) AND (metastasis[tiab] OR metastatic[tiab]
OR metastases[tiab] OR metastasectomy OR cancer*[tiab] OR neoplasm*[tiab] OR
carcinoma*[tiab])

AND radiation[tiab] OR radiosurgery[MeSH] OR radiosurgery[tiab] OR
radiosurgeries[tiab] OR radiotherapy[tiab] OR radiotherapies[tiab] OR irradiation[tiab]
OR WBRT[tiab] OR “gamma knife”[tiab] OR CyberKnife[tiab] OR LINAC] tiab])
AND random[tiab] OR RCT[tiab] OR clinical trial*[tiab] OR cohort stud*[tiab] OR
“case series”[tiab]

AND (inprocess[sb] OR publisher[sb] OR pubmednotmedline [sb]))

OR

Guideline*[ti]

AND ((brain[tiab] OR head[tiab] OR Brain[mesh]) AND (metastasis[tiab] OR
metastatic[tiab] OR metastases[tiab] OR metastasectomy OR cancer*[tiab] OR
neoplasm*[tiab] OR carcinoma*[tiab])

AND radiation[tiab] OR radiosurgery[MeSH] OR radiosurgery[tiab] OR
radiosurgeries[tiab] OR radiotherapy[tiab] OR radiotherapies[tiab] OR irradiation[tiab]
OR WBRT[tiab] OR “gamma knife”[tiab] OR CyberKnife[tiab] OR LINAC] tiab])
TOTAL: 4140

ECRI Guidelines Trust Search

“brain metastasis” =6 = 1 unique (and relevant*)

“brain metastases” = 10 = 1 unique (and relevant)

“metastatic brain” = 8 all duplicates no unique or relevant

TOTAL =2

*must contain something about radio/radiation or one of the specific terms from the
pubmed searches.
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Embase

3 September 2019

Limit: Article/Review/Article in Press

(‘brain’/exp OR brain:ab,ti) AND (metastasis:ab,ti OR metastatic:ab,ti OR
metastases:ab,ti OR cancer*:ab,ti OR neoplasm*:ab,ti OR carcinoma*:ab,ti OR
metastasectomy:ab,ti)

AND

‘radiosurgery'/exp OR radiation:ab,ti OR radiosurgery:ab,ti OR radiosurgeries:ab,ti OR
radiotherapy:ab,ti OR radiotherapies:ab,ti OR irradiation:ab,ti OR wbrt:ab,ti OR 'gamma
knife':ab,ti OR cyberknife:ab,ti OR linac:ab,ti

AND

([systematic review]/lim OR [controlled clinical trial]/lim OR [randomized controlled
trial]/lim)

OR

(‘brain‘/exp OR brain:ab,ti) AND (metastasis:ab,ti OR metastatic:ab,ti OR
metastases:ab,ti OR cancer*:ab,ti OR neoplasm*:ab,ti OR carcinoma*:ab,ti OR
metastasectomy:ab,ti)

AND

‘radiosurgery'/exp OR radiation:ab,ti OR radiosurgery:ab,ti OR radiosurgeries:ab,ti OR
radiotherapy:ab,ti OR radiotherapies:ab,ti OR irradiation:ab,ti OR wbrt:ab,ti OR ‘gamma
knife':ab,ti OR cyberknife:ab,ti OR linac:ab,ti

AND

“clinical trial*” OR *“cohort stud*”

Results: 2397

OR

Limit: Conference Abstract

(‘brain‘/exp OR brain:ab,ti) AND (metastasis:ab,ti OR metastatic:ab,ti OR
metastases:ab,ti OR cancer*:ab,ti OR neoplasm*:ab,ti OR carcinoma*:ab,ti OR
metastasectomy:ab,ti)

AND

‘radiosurgery'/exp OR radiation:ab,ti OR radiosurgery:ab,ti OR radiosurgeries:ab,ti OR
radiotherapy:ab,ti OR radiotherapies:ab,ti OR irradiation:ab,ti OR wbrt:ab,ti OR 'gamma
knife':ab,ti OR cyberknife:ab,ti OR linac:ab,ti

AND

[randomized controlled trial]/lim

Results: 238

Scopus

Limit: Article, 1980-present, Human

TITLE-ABS((brain) AND (metastasis OR metastatic OR metastases OR cancer* OR
neoplasm* OR carcinoma* OR metastasectomy)) AND (LIMIT-TO ( DOCTYPE,
“ar" )

AND

TITLE-ABS(radiation OR radiosurgery OR radiosurgeries OR radiotherapy OR
radiotherapies OR irradiation OR wbrt OR “gamma knife” OR cyberknife OR linac)
AND (LIMIT-TO (DOCTYPE, "ar"))
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AND

TITLE-ABS-KEY-AUTH(“clinical trial*” OR “cohort stud*”) AND (LIMIT-TO (
DOCTYPE, "ar"))

Results: 1635

Web of Science

Limit: Article, 1980-present Indexes=SCI-EXPANDED, SSCI, A&HCI, ESCI
(TS=(brain) AND TS=(metastasis OR metastatic OR metastases OR cancer* OR
neoplasm* OR carcinoma* OR metastasectomy))

AND

TS=(radiation OR radiosurgery OR radiosurgeries OR radiotherapy OR radiotherapies
OR irradiation OR wbrt OR “gamma knife” OR cyberknife OR linac)

Results: after duplicate removal: 717

CINAHL

1980-present; Academic Journals

(((MH "Brain™) OR TI brain OR AB brain) AND (TI(metastasis OR metastatic OR
metastases OR cancer* OR neoplasm* OR carcinoma* OR metastasectomy) OR
AB(metastasis OR metastatic OR metastases OR cancer* OR neoplasm* OR
carcinoma* OR metastasectomy)))

AND

(MH "Radiosurgery") OR Tl(radiation OR radiosurgery OR radiosurgeries OR
radiotherapy OR radiotherapies OR irradiation OR wbrt OR “gamma knife” OR
cyberknife OR linac) OR AB(radiation OR radiosurgery OR radiosurgeries OR
radiotherapy OR radiotherapies OR irradiation OR wbrt OR “gamma knife” OR
cyberknife OR linac)

AND

clinical trial* OR cohort stud*)

NOT

(SU Animal studies)

Results: 417 — after duplicate removal: 213

Results: 8,337
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