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Abstract 
Background.   Recent studies have challenged the notion that patients with brain metastasis (BM) or leptomenin-
geal metastasis (LM) should be excluded from systemic therapy clinical trials. This scoping study summarizes the 
BM/LM clinical studies published between 2010 and 2023.
Methods.   MEDLINE, CINAHL, CAB Abstracts, PsycINFO, Cochrane Library, HINARI, International Pharmaceutical 
Abstracts, PubMed, Scopus, Web of Science, and EMBASE electronic databases were searched on June 21, 2021. 
An updated search was performed on February 21, 2023. Eligible studies investigated a therapeutic intervention 
in solid tumor patients with BM and/or LM and reported a patient outcome. Extracted study-level data, including 
study type, publication date, geographical location, number of BM/LM patients in the study, primary tumor type, 
and type of therapeutic intervention, were collected.
Results.   4921 unique studies were eligible for analysis. The key finding is that BM/LM clinical research is ex-
panding globally, both in observational studies and clinical trials. Despite the shift over time toward a higher 
proportion of systemic therapy trials, the majority still do not include patients with symptomatic disease and lack 
reporting of BM/LM-specific endpoints. Globally, there has been a trend to more international collaboration in BM/
LM clinical studies.
Conclusions.   Our analysis of the BM/LM literature charts the evolving landscape of studies involving this previ-
ously excluded population. Given the increasing clinical research activity, particularly involving late-stage systemic 
therapy trials, it is imperative that due consideration is given to the intracranial activity of new investigational 
agents. Wider adoption of standardized reporting of intracranial-specific endpoints will facilitate the evaluation of 
relative intracranial efficacy.

Key Points

•	 Growing involvement of brain metastasis (BM) patients in systemic drug clinical trials.

•	 Clinical trials focused on leptomeningeal disease, BM-targeting multimodality therapy 
and supportive care are lacking.

•	 Intracranial-specific endpoints must be prioritized.

BMScope: A scoping review to chart the evolving 
clinical study landscape in brain and leptomeningeal 
metastasis  

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://
creativecommons.org/licenses/by/4.0/), which permits unrestricted reuse, distribution, and reproduction in any medium, 
provided the original work is properly cited.
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Intracranial metastatic disease is chiefly characterized by 
parenchymal brain metastasis (BM) and leptomeningeal 
metastasis (LM). BM occurs through the hematogenous 
dissemination of cancer cells from the primary tumor, 
which extravasate across the blood-brain barrier (BBB) and 
colonize the brain parenchyma. LM also occurs through 
metastatic seeding from the circulation into the cerebro-
spinal fluid (CSF)-filled space and onto the leptomeninges, 
either through the arachnoid–CSF or the blood–CSF bar-
riers.1 Though a relatively uncommon site of metastasis, 
both BM and LM remain a major cause of mortality and 
morbidity in affected patients,2 having profound impli-
cations on a patient’s social, psychological, and physical 
well-being.3,4 Certain cancers and cancer subtypes are 
more associated with BM and LM, particularly lung cancer, 
malignant melanoma, and human epidermal growth factor 
receptor-2 (HER2)-positive or triple-negative breast can-
cers.5,6 The prevalence of BM and LM in solid tumor types is 
rising, in part due to improved survival of cancer patients, 
as both primary and metastatic disease in extracranial sites 
are better controlled, and due to higher rates of detection 
from more widespread use of diagnostic neuroimaging.7,8

Despite the increasing prevalence of BM and LM in on-
cological practice, the management of affected patients 
remains challenging. Local therapies, such as stereotactic 
radiosurgery (SRS) and image-guided surgery, which have 
facilitated substantial improvements in patient outcomes, 
remain the treatment of choice with systemic therapies 
more commonly used as salvage.9–11 However, the devel-
opment of systemic therapy for BM/LM has been slow, 
hampered by the limited therapeutic efficacy of systemi-
cally delivered agents due to impaired penetration across 
the blood–brain tumor and the blood–CSF barriers.12 
Therefore, therapeutic strategies to overcome or bypass 
these barriers, such as through intrathecal administration 
for LM, are required to enable adequate accumulation of 
drug concentrations within the brain parenchyma or the 
CSF space to cause anti-tumor cytotoxicity. The relative 
dearth of proven systemic options is further compounded 
by the historical practice of systematically excluding 
BM and LM patients from clinical trials testing systemic 
anticancer therapies.13

The lack of treatment options and the poor survival of 
patients with BM and LM have contributed to a sense of 

therapeutic nihilism. Several recent large phase 2/3 clinical 
trials have demonstrated the clinical efficacy of a range of 
systemic agents in treating BM.14–19 These studies highlight 
the potential for new therapeutic options, which has led to 
a renewed focus on BM/LM research, with several inter-
national consensus guidelines published on how to over-
come the expected challenges in clinical studies including 
BM/LM patients in the future.20,21

Recognizing that we may be reaching an inflection point 
in the clinical management of BM/LM, this scoping re-
view charts clinical studies published from January 2010 
to February 2023, which investigated the management of 
either BM, LM, or both. Using a narrative approach, our 
aim was to gain insight into the changing trends in BM/LM 
clinical research from the perspective of time, geography, 
primary tumor site, and clinical interventions. The scope 
of this review excludes articles solely focused on primary 
brain tumors and hematological malignancies.

Methods

Search Strategy and Literature Search

We conducted a systematic search of the published lit-
erature on June 28, 2021 and reported our findings ac-
cording to the extension to the Preferred Reporting Items 
for Systematic Reviews and Meta-analyses statement 
(PRISMA-S). The following electronic databases were 
searched: MEDLINE (Ovid), CINAHL (EBSCOhost), CAB 
Abstracts (Ovid), PsycINFO (Ovid), Cochrane Library 
(Cochrane), Health InterNetwork Access to Research 
Initiative (Hinari Research for Health), International 
Pharmaceutical Abstracts (EBSCOhost), PubMed (NCBI), 
Scopus (Elsevier), Web of Science (Clarivate Analytics), 
and EMBASE (Ovid). An updated search was performed 
on February 21, 2023. Additional search was performed 
in electronic databases for conference abstracts from 
the European Association of Neuro-Oncology (EANO), 
Society of Neuro-Oncology (SNO), European Society 
of Medical Oncology (ESMO), and American Society of 
Clinical Oncology (ASCO), published from 2015 to 2023. A 
final trawl of studies identified from the US Food & Drug 
Administration (FDA) Oncology (Cancer)/Hematologic 

Importance of the Study

Parenchymal brain metastasis (BM) and leptomeningeal 
metastasis (LM) are increasingly observed in cancer 
patients. Traditionally, patients with BM/LM were ex-
cluded from participation in systemic therapy trials. 
Several recently published clinical trials have demon-
strated the efficacy of systemic therapies against BM. 
It is unclear whether these recent trials remain rare 
events, or represent a genuine rise in BM/LM clinical 
research activity.

We show that there has been a growing number of 
published BM/LM clinical studies since 2010 along with 

greater international collaboration and inclusion of BM/
LM patients in systemic therapy trials. The reporting of 
intracranial efficacy endpoints in clinical trials remains 
variable.

With expanding interest in BM/LM management, it is 
imperative there is a coordinated approach in the de-
sign and reporting of clinical trials. This scoping study 
highlights the changing trends in BM/LM clinical re-
search and potential areas for improvement. This will 
inform various stakeholders including policymakers, 
pharmaceutical companies, and clinical triallists.
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Malignancies Approval Notifications and the WHO Globus 
Index Medicus was performed. The full search strategy and 
number of studies found from each database are shown in 
Supplementary Tables 1 and 2.

Study Selection

All titles and abstracts were independently screened by at 
least 2 study authors (V.W.T.C., R.H., R.B., R.Z., A.F., S.K., 
and M.A.R.P.) after initial de-duplication. The inclusion cri-
teria were any clinical study, published in English as a full-
text article involving patients with cancer and BM and/or 
LM. Additionally, the study must describe a therapeutic 
intervention and patient-relevant outcome(s). A “thera-
peutic intervention” was defined as any form of action 
used to remediate a health problem, which included phar-
macological, surgical, radiotherapeutic and psychological 
measures. The therapeutic intervention did not need to be 
targeted directly at the intracranial metastasis. A “patient-
relevant outcome” was defined as any reported outcomes 
or endpoints in the study anticipated to have a direct im-
pact on the patient’s health or experience related to BM 
and/or LM, which could include survival, symptom control, 
and quality of life.

Excluded studies included: those with fewer than 5 BM/
LM patients; articles where the full text could not be ac-
cessed and where the relevant information could not be 
extracted from the abstract; articles published in a lan-
guage other than English; studies in patients with primary 
brain tumors or hematological malignancies only; and 
animal studies. Where studies with overlapping datasets 
were present, the article with the largest and most up-to-
date cohorts were included. Nested studies from large 
clinical trials were included. Conflicts were resolved by 
consensus. All authors reviewed the included studies for 
relevance/completeness of search and highlighted any 
missing studies (<1% of total included studies).

Data Extraction

A custom-designed electronic data extraction tool was pi-
loted and refined. Six authors (V.W.T.C., R.H., R.B., R.Z., 
S.K., and M.A.R.P.) independently undertook data extrac-
tion for the following: first author, last author, study ac-
ronym (if applicable), study type, date of publication, 
country of data collection, number of BM/LM patients in 
the study, primary tumor type, type of therapeutic interven-
tion investigated, and imaging or clinical biomarkers (if ap-
plicable). Since the aim of this study was to summarize all 
published articles relating to BM/LM, study quality was not 
assessed. Clinical studies were categorized as either clin-
ical trials, defined as research studies that prospectively 
assign human participants to 1 or more health-related 
interventions to evaluate the effect on health outcomes,22 
or observational studies.

Data Analysis and Visualization

Collated data were transformed and mapped to standard-
ized terms listed in Supplementary Table 3. Data processing 

and data visualization were performed in R (v4.3.2, R 
project, The R Foundation). Descriptive statistics were used 
to summarize the data, relating to the trend of publications 
over time, proportion of BM/LM studies, number of tumor 
sites studied, distribution of studies per tumor site, geo-
graphical distribution of studies, linkage between countries 
according to study collaboration, relationships between 
number of publications, country-specific population size 
and cancer prevalence, distribution of study interventions 
and trend of study interventions over time. Graphical rep-
resentation of the data employed area graphs, pie charts, 
pyramid plots, UpSet plots, geographical maps, network 
plots, bubble charts, and stacked column charts.

Statistical analysis involved linear regression to examine 
the relationship between a number of published obser-
vational studies/clinical trials or a number of published 
BM/LM studies (dependent variables) and time (inde-
pendent variable). Regression analysis was performed to 
compare differences in slope between 2 or more trends. 
A chi-squared (χ2) test or a Fisher's exact test was used to 
measure associations between the distribution of BM/LM 
trial phases, BM/LM patient profiles in phases 3 trials and 
trialed therapeutic modalities. All statistical analyses were 
2-sided, reported at a significance level of .05 and per-
formed in GraphPad Prism (v.10.2.3; GraphPad Software).

Results

In total 48 222 studies were identified from the electronic 
search, 14 723 duplicate entries were removed and 30 207 
were excluded as they related to nonhuman subjects, did 
not test a therapeutic intervention, included less than 5 
BM/LM patients, related solely to primary brain malig-
nancy or hematological malignancies, and/or did not re-
port a patient-relevant outcome. After the assessment of 
the full text for eligibility, 2967 studies were included for 
analysis. An additional 123 study abstracts were deemed 
eligible for inclusion in the analysis. The rapid update con-
ducted in February 2023 identified a further 1629 eligible 
records, giving a combined total of 4921 unique studies 
qualitatively synthesized for this review. A summary of the 
study selection process is shown in Figure S1.

Total Academic Output of Clinical Studies 
Including BM/LM Patients Has Been Increasing

Based on the temporal distribution of publications, there 
was an increasing clinical investigation of BM/LM from 
2010 to 2023 (Figure 1A). Of the 627 clinical trials, 79 
studies were published between 2010 and 2013, growing 
to 232 and 316 studies between 2014 and 2018, and 2019 
and 2023, respectively, with a significant, albeit modest, 
increase in published trials over that period (regression 
coefficient, β = 0.5151; P < .0001). Similarly, observa-
tional studies saw a significant rise in publication rate, 
with 518, 1423, and 1939 studies published over the same 
time periods, respectively (β = 3.086; P < .0001), which was 
significantly faster growth than the published trials (re-
gression analysis; P < .0001). Although a rising trend in 
publications was observed over the last 13 years, there 
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was a noticeable drop in studies published after the last 
quarter (Q4) of 2019. Highlighting the granular change, in 
the first quarter (Q1) of 2010, there was 1 published clinical 
trial, by 2019 Q4 this peaked at 31, but 1 year later (2020 Q4) 
saw a marked reduction to only 7 published clinical trials. 
For nonclinical studies, the number of studies rose from 21 
in 2010 Q1 to 136 in 2019 Q4, before falling to 15 in 2020 Q4. 
Since then, however, there has been a return in trend to an 
increasing number of BM/LM studies.

Out of all the included published studies, the majority 
involved patients with parenchymal BM (91.30%). The re-
maining proportion of studies was evenly split between pa-
tients with LM alone (4.10%) and both BM/LM (4.61%) (Figure 
1B). The temporal trend in a number of studies published 
was not consistent across all metastasis groups. For BM, the 

number of studies published rose from 597 between 2010 
and 2013, to 1595 between 2014 and 2018 (+167.2% rise com-
pared to 2010–2012), then rising to 2126 between 2019 and 
2023 (+33.3% rise compared to 2014–2018). Meanwhile, LM 
studies started from a much smaller baseline of 51 studies 
published between 2010 and 2013, but then rose steadily from 
2014–2018 to 2019–2023, with 117 (+129.4% rise compared to 
2010–2012) and 220 (+88.0% rise compared to 2014–2018) 
studies, respectively. The overall trend showed a significant 
rise in published BM studies (β = 3.244; P < .0001) and a sig-
nificant, though less obvious, increase in published studies 
investigating interventions for LM (β = 0.2398; P < .0001) or 
both BM and LM together (β = 0.1172; P < .0001). These find-
ings highlight the disparity in the publication rate of BM 
versus LM studies (regression analysis; P < .0001).
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Figure 1.  (A) Graph of the number of publications relating to BM/LM over time, separated by observational study vs. clinical trial. (B) Proportions 
of studies reporting on BM alone, LM alone or both and (C) area graph showing time trend of published studies according to BM alone, LM alone, 
or both.
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Primary Tumor Sites Prioritized in BM/LM Studies 
Are Consistent With Known Disease Prevalence

The frequency of tumor sites investigated by the published 
BM/LM studies matched the disease prevalence. The top 5 
tumor sites studied were lung (n = 2812), breast (n = 1646), 
melanoma (n = 1367), renal (n = 839), lower GI (n = 799) and 
upper GI (n = 531) (Figure 2A). Likewise, LM studies focused 
on lung (n = 239), breast (n = 188), melanoma (n = 69), lower 
GI (n = 41), upper GI (n = 52), and gynecological malignan-
cies (n = 28). Clinical trials including BM/LM patients mostly 
focused on single tumor sites (494 out of 628 studies). Over 
one-sixth of clinical trials studied 3 or more different tumor 
sites (105 out of 628 studies) (Figure 2B). Except for 1 study, 
BM/LM clinical trials encompassing 2 or more tumor sites 
always included 1 of the top 3 tumor sites: lung, breast or 
melanoma (Figure 2C). Lung cancer patients were usually 
included in multiple tumor site studies, corresponding to 
the high prevalence of BM/LM in this cohort.23

Demographic and Intervention Shift in Clinical 
Trials Between 2010 and 2023

From 2010 to 2013, 25.3% (20/79) of clinical trials were phase 
1 trials, with 13.9% (11/79) phase 3 trials. By the latter part 
of the decade (2019–2023) phase 1 trials comprised 13.0% 
(41/316), whilst phase 3 trials accounted for 22.2% (70/316) 
of all published clinical trials. This reveals a trend towards 
more later-phase clinical trials conducted over time, al-
though this change was not statistically significant (χ2 
test; P = .0723; Figure 3A). Focusing specifically on phase 
3 trials, we observed a sequential increase in the number 
of published studies over the past decade (11 during the 
period 2010–2013, 39 during 2014–2018, and 70 during 2019–
2023). Additionally, a changing pattern of the study popula-
tions was observed, with the majority of phase 3 studies in 
the early part of the decade focusing on patients with BM/
LM only (or in combination with primary brain tumors), 
whereas by the end of the decade, most trials included BM/
LM patients along with patients with extracranial metastatic 
disease (Fisher’s exact test; P = .0002; Figure 3B).

When we examined the study interventions in clinical 
trials across all phases, trials investigating the efficacy of 
systemic therapies accounted for the highest proportion 
of studies (33/79 (41.8%) during 2010–2013, 130/232 (56.0%) 
during 2014–2018, 227/316 (71.8%) during 2019–2023). This 
was followed by studies investigating concurrent radio-
therapy and systemic therapy, and then those studying ra-
diotherapy only. Over time there was a significant change 
in the distribution of therapeutic modalities tested (χ2 test; 
P < .0001) (Figure 3B). The increase in a number of phase 3 
trials was almost exclusively driven by interventional sys-
temic therapy trials (2 from 2010 to 2013, 21 from 2014 to 18, 
58 from 2019 to 2023). Of note, only 6 clinical trials over this 
period investigated the application of supportive care inter-
ventions only, which is consistent with the well-documented 
lack of clinical trial evidence in palliative care as a whole.

A variety of systemic therapies have been subject to in-
vestigation between 2010 and 2023. Targeted agents, such 
as small molecule inhibitors and monoclonal antibodies, 
were most studied as an intervention in clinical trials 
(49.6%), followed by cytotoxic chemotherapy (25.7%), 

immunotherapy (11.6%), antiangiogenic drugs (3.2%) 
and antibody–drug conjugates (2.1%). For trials that only 
studied systemic therapies, targeted therapy comprised 
a greater proportion of tested interventions compared to 
cytotoxic chemotherapy (54.9% vs. 23.4%) (Figure 4D). In 
contrast, trials investigating multimodality treatments 
were more likely to incorporate cytotoxic chemotherapy 
(34.6%) rather than targeted therapy (29.2%). Moreover, 
radiosensitizers, for example, histone deacetylase in-
hibitors,24,25 poly-ADP ribose polymerase inhibitors,26 
and redox modulators27,28 were the third largest group 
of systemic therapy in multimodality studies (13.1%). 
Meanwhile, observational studies followed a similar distri-
bution as the clinical trials, with targeted therapy, cytotoxic 
chemotherapy, and immunotherapy contributing the lar-
gest fraction of systemic interventions. However, a notable 
difference was the greater proportion of immunotherapy 
observational studies including BM/LM patients compared 
to the systemic therapy-only trials (22.3% vs. 12.6%).

Intracranial Outcomes Are Not Commonly 
Reported in BM/LM Systemic Therapy Trials

Since systemic therapy trials will usually include patients 
with extracranial-only disease and patients with both in-
tracranial and extracranial disease, it is necessary that in-
tracranial specific endpoints are reported to determine the 
therapeutic efficacy against BM/LM. As shown in Figure 
4A, less than one-third of systemic therapy trials examined 
specifically required patients, either in the entire study 
population or as a predefined study cohort, with BM/LM 
disease who were untreated or had treated but progressive 
disease in the eligibility criteria (28.6% vs. 71.4% without 
specified criterion for untreated or progressive status). 
Even when BM/LM patients were included in these trials, 
just over 1 in 5 (21.5%) allowed patients with symptomatic 
disease or who required steroids for symptom control. In 
most studies, either patients were required to have asymp-
tomatic disease (48.3%) or the symptom status was not 
documented (30.2%) (Figure 4B).

Intracranial-specific outcomes were mostly not reported 
as a primary endpoint in studies (29.2% reported vs. 70.8% 
not reported). In the studies that did report an intracranial-
specific primary endpoint, the intracranial objective re-
sponse rate (ORR) was the most popular choice (64.4%), 
followed by intracranial progression-free survival (11.5%) 
(Figure 4C). For the non-primary endpoints, intracranial out-
comes were more commonly included (43.4% reported vs. 
56.6% not reported) and in most cases focused on a single 
intracranial-specific outcome, particularly ORR (Figure 4D). 
The range of non-primary endpoints specifying intracranial 
outcomes was broad, covering the domains of response, 
progression, survival, and clinical assessment (Figure 4E).

Greater International Participation in Clinical 
Studies Including BM/LM Patients

The geographical distribution of BM/LM studies was par-
ticularly concentrated in North America, Europe, and East 
Asia. Between 2010 and 2023, the United States of America 
accounted for 1546 published studies, which was double 
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the output by the next nearest country, China (n = 751). 
Other nations that have contributed significantly to BM/LM 
research over this period were Germany (n = 472), Japan 
(n = 411), France (n = 352), Italy (n = 321), South Korea 
(n = 279), Canada (n = 250), Spain (n = 185), and Australia 
(n = 157) (Figure 5A). Notably, there have been collab-
orations involving countries from all 6 continents, with a 
number of low- and middle-income countries contributing 
to BM/LM research (Figure 5B).

Over the course of the 12 years, there has been a sig-
nificant increase in international publications in BM/LM 
research. These copublications were strongly centered 
on Europe and North America. Between 2010 and 2013 
(Figure  5C), the greatest frequency of copublications 

occurred between Germany and the United States (22), 
which produced one-third more copublications compared 
to the next highest pairings (United States and Canada, 15), 
and more than 4 times as many as the 10th highest com-
bination (Netherlands and Belgium, 5). Between 2014 and 
2018, copublications between United States and Canada 
(50) and United States and Germany (50) were joint highest, 
but the difference in copublications between this combina-
tion and the 3rd (United States and South Korea, 38) and 
10th highest (Spain and Germany, 27) were less. Moreover, 
several countries from the Asia-Pacific region had entered 
the top 10 (South Korea, Australia, and Taiwan). This pattern 
continued in the latter part of the decade (2019–2023), with 
a similar number of copublications between the highest 

100

Phase 1
Phase 2
Phase 3
Phase 4

Phases of trials Systemic therapy
only trials

Multimodality
therapy trials

Observational
studies

Phase 3 trial BM/LM populations

Treatment modality in trials

80

60

40

20

0
2010-13

P
ro

po
rt

io
n 

of
 c

lin
ic

al
 tr

ia
ls

2014-18 2019-23

Targeted therapy
Cytotoxic chemotherapy
Immunotherapy
Anti-angiogenic
Antibody-drug conjugate
Intra-CSF chemotherapy
Intra-CSF targeted therapy
Endocrine therapy
Radiosensitiser
Other

100

80

60

40

20

0
2010-13

P
ro

po
rt

io
n 

of
 c

lin
ic

al
 tr

ia
ls

2014-18 2019-23

BM only
BM + EM
BM + PBM

100

RT
ST
RT + ST
Surgery + RT
Other

80

60

40

20

0
2010-13P

ro
po

rt
io

n 
of

 c
lin

ic
al

 tr
ia

ls

2014-18 2019-23

A D

B

C

Figure 3.  (A) Distribution of clinical trials over time according to the phase of the study: phase 1, phase 2, phase 3, or phase 4. (B) Distribution 
of phase 3 clinical trials over time enrolling patients with BM and extracranial metastases (BM + EM), BM and primary brain malignancy (BM 
+ PBM), or BM only. (C) Distribution of published trials over time according to treatment modality/modalities—radiotherapy (RT), systemic therapy 
(ST), both radiotherapy and systemic therapy (RT + ST), both surgery and radiotherapy (surgery + RT), and other—under investigation. (D) A mul-
titude of systemic therapy interventions have been investigated in studies including BM/LM patients, across trials testing solely systemic ther-
apies, multimodality interventions and in observational studies. Other interventions include cell-based therapies, intra-cerebrospinal fluid (CSF) 
immunotherapy, localized chemotherapy, nanoparticle therapy, and stem cell transplant.
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(United States and Germany, 65), second highest (United 
States and Italy, 64) and 10th highest (France and Germany, 
46) combinations, and greater involvement of Asian coun-
tries (Figure 5C). Across the whole study period, most 
high-frequency combinations included the United States. 
Out of the international collaborations not involving the 
United States, the most productive was between Italy and 
Spain (62), which was the fifth most frequent combination.

Changing Trends in Global BM/LM Research 
Output

In relation to individual output by country, the top 5 coun-
tries publishing BM/LM research were the United States, 
France, Germany, Japan, and China (Figure 6). The United 
States has consistently published the most studies per 
year since 2010, accounting for 42.7% (41 out of 96) of the 
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Figure 5.  (A) Global distribution of published studies in BM/LM by country (white = no publications). Network plots, (B) combined or (C) divided 
by early (2010–2013), middle (2014–2018), and late (2019–2023) periods, showing changing bilateral connections in coproduced publications with 
the color of the line indicating participating continents and the line thickness indicating the number of collaborations between the respective na-
tions. Country names are expressed as ISO 3166 alpha 3 country codes (see Table S5).
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total output and contributing to 7 of the 10 published clin-
ical trials in 2010. Strikingly, there was a consistent drop in 
BM/LM research output by all 5 countries in 2020, which 
was followed by a recovery a year later and then stabili-
zation for the United States, whilst France, Germany, and 
Japan saw a slight contraction in output in 2022. By con-
trast, China had only published 1 observational study in 
2010, ranking the lowest of the top 5 countries at that time. 
However, by 2015 it had overtaken France, Germany, and 
Japan in the number of BM/LM publications, particularly 
from 2017 to 2019. Although, similar to global trends, there 
was a significant dip in output in 2021 China’s output then 
dramatically rebounded in 2021 to overtake the United 
States in publishing the greatest number of papers and 
then sustained this in 2022.

Discussion

Global Trends

We present a comprehensive scoping review of the BM 
and LM clinical research landscape between 2010 and 
2023. Using a systematic approach, we identified almost 
5000 clinical studies into BM or LM. This work highlights 
that over the course of the past decade—barring a period 
during the initial stages of the global pandemic caused by 
the severe acute respiratory syndrome-related corona-
virus strain 2 (SARS-CoV-2), referred to as the Coronavirus 
disease (COVID-19) pandemic—there has been a con-
sistent increase in the number of studies, both in obser-
vational and interventional studies. The anomaly in the 
trend occurring between 2020 and 2021, resulting from 
the COVID-19 pandemic, was consistent with the reported 
global suppression of non-COVID-19 clinical trial ac-
tivity at that time, across a range of indications including 
cancer.29–31

Geographically, published BM studies were predomi-
nantly led by the United States, followed by Europe, and 
Asia-Pacific, with a notable increase from the latter region 
over time. The highest output has come from developed 
countries, as defined by the United Nations,32 but our 
data show that developing countries have also made im-
portant contributions to BM/LM research, with increasing 
international collaboration. As the global demographics 
transition to rising economic and social development, 
and with an aging population, it is anticipated that the 
associated increase in cancer incidence will lead to more 
countries participating in BM/LM research. On reviewing 
individual country data from the highest contributors, the 
research output broadly correlated with the incidence of 
brain metastases from different sites. There were some 
variations, with Japan contributing slightly less to lung BM 
research relative to prevalence and Australia contributing 
less to melanoma BM research. Of note, despite having a 
large cancer research footprint, the United Kingdom does 
not feature amongst the highest contributors to BM/LM 
research.

Despite a small increase in the number of BM studies 
investigating different treatment combinations, for ex-
ample, concurrent radiotherapy with systemic treat-
ment,33–35 or radiotherapy with surgery,36–38 the numbers 
remain low compared to systemic therapies alone. We 
have also identified that there have been very few trials 
investigating supportive care interventions for BM/LM pa-
tients. The QUARTZ study was a notable example of a mul-
tinational, randomized phase 3 trial, which found that in 
patients with non-small cell lung cancer brain metastases 
that were unresectable and not suitable for SRS, there was 
no survival or quality of life advantage gained from whole 
brain radiotherapy over optimal supportive care.39 Given 
that BM/LM typically develop in the terminal phase of a 
cancer patient’s journey, insights gained from supportive 
care studies such as the QUARTZ trial have the potential 
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to positively transform patient care and, therefore, this re-
mains an important area of unmet need.

Inclusion Criteria

Consistent with the expected BM prevalence, most clinical 
trials involved lung cancer, breast cancer, or melanoma BM 
patients. Recently, several large trials for systemic treat-
ments in these tumor subtypes have included patients 
with untreated BM and reported on their outcomes in sub-
group analyses.16,17,40–43 Moreover, systemic therapy trials 
actively recruiting BM patients have reported long-term 
outcomes.15,44–47 Consequently, there is ample evidence 
that BM patients with lung cancer, breast cancer, or mela-
noma may be feasibly recruited to clinical trials. For other 
tumor types, the evidence base is much weaker, as they 
are largely incorporated with other tumor types leading 
to a heterogeneous population with small numbers of 
patients per tumor type. Therefore, the generalizability of 
these findings may be more challenging and has presented 
a barrier against the advancement of systemic treatments 
with proven clinical efficacy against BM from the less 
common tumor types, which represents an area of unmet 
need.

The design of systemic therapy trials that include BM pa-
tients has largely focused on patients with stable or asymp-
tomatic disease. Although these terms have been widely 
used, there remains a lack of consensus regarding what 
classifies as asymptomatic versus symptomatic. This prob-
lematic distinction has been recently exemplified by the 
TRICOTEL study, a multi-center, single-arm phase 2 study 
involving the treatment of patients with untreated BM from 
melanoma, with or without a BRAFV600 mutation, who re-
ceived a combination of immunotherapy (atezolizumab) 
and BRAF/MEK inhibitors (vemurafenib and cobimetinib). 
The trial was noteworthy for its inclusion of patients with 
symptomatic disease. However, a backlash from the cancer 
community over the potential misclassification of symp-
tomatic BM led to the retraction of the published article. 
Subsequent re-examination of the data and analysis ap-
plied to a stricter definition of “symptomatic BM” did en-
able republication of the study with revised outcomes and 
conclusions.48,49 The focus on asymptomatic disease will 
also require a paradigm shift in the application of neuro-
imaging to facilitate earlier diagnosis, with careful con-
sideration of the impact on healthcare resources and the 
psychosocial impact on the patient.

Over the past decade, an increasing number of clinical 
trials that include BM/LM patients have been published, in 
addition to a rise in the number of observational studies. 
Of these published studies, phase 3 trials accounted for a 
greater proportion of the increase in comparison to phase 
1 trials. There has also been a large increase in the number 
of phase 3 trials that have BM patients alongside patients 
with only extracranial metastatic disease. Although a rise 
in the number of clinical trials is demonstrated, it remains 
unclear whether this correlates with an expansion in clin-
ical trials recruiting BM patients as a proportion of total 
clinical trial activity. Increasing enrollment of BM/LM pa-
tients in clinical trials is dependent on taking a more prag-
matic approach towards patient recruitment. In 2 recent 
studies of brain metastasis trial eligibility criteria, both 

Patel et al. (2020) and Xiao et al. (2024) found that the pro-
portion of studies with absolute exclusion criteria of BM 
patients was falling coupled with an increase in studies 
with conditional exclusion of BM patients; thus, concluding 
that more nuanced inclusion of patients with CNS metas-
tasis was increasingly being adopted.13,50 The loosening of 
inclusion criteria to permit BM patients to be recruited to 
clinical trials investigating novel therapeutics is a vital step, 
particularly given the historic underrepresentation of this 
patient group.

Acknowledging the widespread discriminatory practice 
of systematic exclusion of BM patients from clinical trials 
and its negative impact on the external validity of study 
results, the FDA has issued specific recommendations re-
garding best practice in study design that incorporates BM 
patients.51 Importantly, the FDA also addressed the varia-
tion in approach to BM patient recruitment, with regards 
to differentiating between treated/stable BM and active 
BM, the latter group being particularly underrepresented 
in clinical trials. Furthermore, there is a growing expert 
consensus that widening trial eligibility to include BM/LM 
patients is deemed a priority for future clinical trials, with 
recommendations from the Friends of Cancer Research 
highlighting the special considerations for this population 
that will inform the trial design.52

For LM patients, the progress observed in BM recruit-
ment has been far less evident, with the numbers of clin-
ical trials addressing this patient group sadly still lacking. 
A prime example of the unique challenges facing the de-
sign of prospective interventional studies in LM is the ran-
domized phase 3 DEPOSEIN study, which demonstrated 
clinical benefit from the addition of intrathecal liposomal 
cytarabine to systemic treatment.53 LM studies are hin-
dered by a slow recruitment rate, with the DEPOSEIN trial 
randomizing 73 patients over a 6.5 year period although 
this was within the projected accrual period. Moreover, 
the variable presentation poses a challenge to patient se-
lection, which has been ameliorated by the establishment 
of standardized diagnostic criteria and clinicopathologic 
subtypes through the European Association of Neuro-
Oncology (EANO)-European Society of Medical Oncology 
(ESMO) Clinical Practice Guidelines.54 The phase 1 BLOOM 
trial, investigating osimertinib in an LM-specific population 
with epidermal growth factor (EGFR) mutated NSCLC,45 
demonstrated that these patients may be recruited to a 
well-designed early phase study, with more than 40 pa-
tients enrolled within 2.5 years. The BLOOM study also 
showed that an orally administered EGFR-tyrosine kinase 
inhibitor can be used to successfully treat LM. Maintaining 
the trajectory of increasing BM/LM patient engagement 
with clinical trials will require a coordinated push from 
major stakeholders in research prioritization, including 
policymakers, funding bodies, pharmaceutical companies 
and the academic community. Key strategies for achieving 
this goal will include stronger advocacy and by learning 
lessons from other underrepresented groups in cancer 
trials, such as rare tumor types and cancers affecting teen-
agers and young adults.55,56

The widening participation of BM patients in clinical 
trials represents a major paradigm shift in trial study de-
sign to investigate novel systemic therapies. Advances 
in drug development, especially in the fields of small 
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molecule inhibitors and nanoparticle drug delivery sys-
tems, mean that rational design of drugs with adequate 
BBB penetrability is now more feasible. Moreover, the 
growing academic interest in BM, coupled with increas-
ingly sophisticated preclinical models, is leading to more 
in vitro and in vivo pharmacological testing of drug ther-
apies. Whilst some new therapeutics may inherently have 
better intracranial activity than others, it is also clear that 
demonstrating therapeutic effect in BM/LM may offer a 
competitive advantage for pharmaceutical companies, fol-
lowing regulatory approval and marketing authorization. 
Besides the larger patient pool in which the medicine may 
be applied, there are direct incentives for industry, for ex-
ample through fast-track designation and accelerated ap-
proval programmes.51 Tucatinib serves as an exemplar of 
how medicines can benefit from the accelerated approval 
process following the HER2CLIMB study, which showed, 
in combination with capecitabine and trastuzumab, im-
proved survival of adult patients with HER2-positive locally 
advanced or metastatic breast cancer. The standout feature 
of the HER2CLIMB study was the inclusion of a substantial 
proportion of patients with active or stable BM, comprising 
47.5% of the total trial population.57 Tucatinib received 
Orphan Drug designation in 2017 by the FDA for combi-
nation use in pretreated HER-positive metastatic breast 
cancer patients with BMs, with the protected indication 
granted exclusivity until 17 April 2027.58

Outcome Measures

The rising incidence of BM/LM, with improved detection 
and longer survival of cancer patients, means that there 
is a greater necessity for these patients to be included in 
clinical trials. For systemic therapy trials, the challenge 
arises in determining the relative efficacy in the intra-
cranial and extracranial compartments, particularly due 
to the obstacle posed by the BBB to drug delivery to the 
CNS. Intracranial-specific endpoints provide the clearest 
indication for efficacy against BM/LM; however, we have 
highlighted the inconsistent reporting of these endpoints 
and their frequent omission, similar to findings in a breast 
cancer-specific review.59

There is a growing push to standardize intracranial 
study endpoints to facilitate improved reporting and to 
encourage examination of treatment efficacy in BM/LM 
patients.60–63 The relative lack of trials examining the effi-
cacy of systemic therapies in patients with symptomatic 
CNS disease does negatively impact on the generalizability 
of trial data to the real world, since most BM/LM patients 
will present with symptoms. Given the risk of rapid dete-
rioration and generally poorer outcomes associated with 
symptomatic BM/LM disease, testing of systemic ther-
apies in this setting may be seen as hazardous. However, 
it is apparent that these clinical trials are feasible with ap-
propriate safeguards.44,64,65 The Response Assessment in 
Neuro-Oncology (RANO) Brain Metastases working group 
has published a set of guiding principles in the clinical trial 
design of systemic therapies to evaluate the potential ben-
efit in BM populations. In particular, the working group ad-
vocated the inclusion of BM patients earlier in the clinical 
development of a systemic agent and more widespread 

use of baseline CNS imaging. Moreover, it proposed spe-
cific design considerations based on 3 levels of anticipated 
CNS activity, with corresponding endpoints.66 Based on 
these recommendations, the assessment of intracranial 
activity in new investigational drugs should be considered 
according to the recruited patient population (Table S4).

Similarly, the RANO-LM working group have produced 
a consensus document to promote the standardization of 
response assessments in LM patients. The guidance hinges 
on 3 key elements: neurological examination, CSF analysis 
for tumor cells and neuraxis imaging.67 Subsequent eval-
uation of the MRI assessment tool, however, highlighted 
the ongoing challenges to consistently apply radiological 
response assessment in LM, with a notable lack of accept-
able inter-rater concordance in the reporting according 
to the Leptomeningeal Assessment in Neuro-Oncology 
(LANO) scorecard.61 Thus, further iterative evaluation and 
refinement of the response criteria will be necessary to 
generate standardized criteria that may be applied in clin-
ical practice or trials.

Limitations

Despite our best attempts to undertake an extensive review 
of all published works related to BM and LM and to mini-
mize bias, there are several limitations to this work. First, 
we cannot rule out the possibility that relevant studies 
may have been missed. In particular, the decision to only 
include studies published in English will have excluded 
studies published solely in other languages. To mitigate the 
risk of missing data, we utilized a wide range of sources to 
gather the data encompassing not only full-text databases, 
but also conference abstracts and the FDA approval list. 
Since the scope of this review was to describe the research 
landscape, we have not attempted to assess the quality of 
studies included in the analysis. By reviewing only the pub-
lished literature, we appreciate that the data will be skewed 
by publication bias, leading to an underestimation of the 
true scale of the research being undertaken in this field. The 
reported dataset does not assess the number of publica-
tions reporting early closure of BM/LM trials. This informa-
tion would provide insight into the recruitment challenges 
that are likely still facing these patient populations despite 
the growing prevalence of available trials, particularly in 
the context of a rising incidence of BM/LM.

Future Directions

This review represents the first attempt to exhaustively 
map the existing literature relating to BM/LM research 
and chart its progress over more than 10 years. It is ap-
parent that we are reaching a transition in the approach 
to the clinical management of BM. An increasing number 
of studies, including late-phase clinical trials, are now in-
cluding BM patients and this finding is consistent with an-
other study that has shown the growth in BM literature, 
as well as the recent evolution in topics towards targeted 
systemic therapies.68 This represents a major stepwise 
progression in the clinical community’s attitude towards 
BM, which had historically viewed this condition with ex-
treme pessimism. One hopes that soon a similar trend 
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will be seen with LM, a disease that continues to have a 
dismal prognosis. Technological advancements, such as 
novel antibody-drug conjugates, nanopharmaceuticals 
and liquid biopsies using circulating tumor DNA (ctDNA) 
offer a huge amount of promise for future treatment op-
tions in BM/LM. Increasingly, systemic therapies are 
being designed to improve penetration of the BBB, and 
there may be a role in the future for adjunctive technolo-
gies to facilitate drug delivery across the BBB via the sys-
temic circulation.

We demonstrate that international collaborations in BM/
LM research are increasing; highlighting its growing im-
portance. As we move towards more globalization of BM/
LM clinical research, it will be necessary that trials are lo-
calized to sites with high prevalence of disease to enhance 
equity of trial access and to overcome recruitment issues. 
To do so will require a greater understanding of the global 
BM/LM prevalence, with more robust diagnostic pathways 
and national reporting systems needed. There remains a 
relative lack of BM/LM studies investigating multimodality 
therapies and supportive care; these studies will be essen-
tial in improving outcomes for BM/LM patients across a 
wider spectrum of disease states, from a potentially cura-
tive situation to the terminal phase of illness. This resource 
will allow individual researchers, funders and policy-
makers to identify knowledge gaps to plan the next thera-
peutic advances in BM/LM management.
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