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Introduction 

Brain metastases are the most common intracranial 
malignancy, outnumbering primary brain tumors by five-
fold (1). Approximately 30% of patients with a solid tumor 
diagnosis will develop a brain metastasis, with the incidence 
of central nervous system (CNS) spread increasing over the 
years due to advancements in treatment and longer survival 
duration of cancer patients (2). Many individuals with brain 

metastases will be symptomatic, with nearly half of all 
patients experiencing headache (3). Other common clinical 
manifestations include seizure, cognitive decline, and focal 
neurologic dysfunction, which are typically associated with 
expanded tumor size and the resulting edema. Metastases 
are also quantified based on size, with large brain lesions 
defined as ≥2 cm in maximal diameter or ≥4 cm3 (4). 

Given that neurologic symptomatology is often related 
to intracranial burden, it is no surprise that large brain 
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metastases result in a poor patient prognosis. The outcome 
for most patients with CNS metastases is already dismal 
ranging from three months to about three years, and large 
brain lesions confer an additional risk factor for worse local 
control and overall survival than counterparts with small 
CNS lesions alone (5). Surgery plus cavity radiation or 
definitive radiation therapy (6,7) remain the mainstays of 
treatment, however large brain metastases present a unique 
treatment challenge where an adequate radiation dose must 
be delivered to the metastasis while minimizing exposure to 
normal brain tissue (2). 

Recent randomized clinical trials support the use of 
stereotactic radiosurgery (SRS) over whole-brain radiotherapy 
(WBRT) in the definitive or post-op setting for brain 
metastases to limit neurocognitive toxicity (7-11), especially 
for tumors that are asymptomatic and low volume. However, 
it is difficult to safely administer an adequate dose of SRS to 
large brain tumors. If toxic levels of radiation are delivered to 
the brain parenchyma, radiation necrosis may occur, which 
can approach rates of 50% for large treatment volumes (12). 

A paucity of data exists suggesting optimal management 
of large metastases, however improved understanding 
of radiation dose-fractionation for stereotactic radiation 
therapy have identified emerging treatment options to 
improve local control while minimizing radiation toxicity. 
The objective of this review was to provide an overview of 
the current management options of large brain metastases, 
and their associated treatment outcomes and toxicity. 
We present the following article in accordance with the 
Narrative Review reporting checklist (available at https://
cco.amegroups.com/article/view/10.21037/cco-21-136/rc).

Methods 

A literature search was undertaken using the keywords 
large brain metastases, radiotherapy, radiosurgery, surgery, 
targeted therapy, and treatment (as per Index Medicus/
MESH keywords database) using the ovid-MEDLINE 
database. Articles which were in English language, 
published recently (2011–June 2021) and examined human 
adults were included. 

The abstracts of all obtained articles were reviewed 
independently for relevance, in which all primary research 
articles that examined the management of large brain 
metastases with surgery, radiation, targeted therapy, or a 
combination of treatments were included for review. Large 
brain metastases were defined according to the RTOG 90-
05 definitions of >2 cm in size. Although the definition of 

large brain metastases may vary between >2–4 cm (where 
>2 cm may be considered as intermediate sized), for the 
purpose of this review we have included all trials reporting 
“large” brain metastases as being greater than >2 cm in 
size. Some articles reported tumor volume instead of lesion 
diameter, which corresponds to metastases larger than  
4.19 cm3. Articles were excluded if no disease specific 
outcomes were reported (such as local control or overall 
survival), small sample size (n<4, such as case studies), and 
if studies did not separately report patients who previously 
received WBRT from those receiving initial management 
alone for their large brain metastases, as previous radiation 
may affect the primary outcome. 

After meeting criteria for review, data from the included 
studies was extracted for the variables identified in Tables 1,2.  
A protocol was not registered for this project, however the 
Narrative Review checklist for performing a review was 
followed. 

Results 

Our search strategy yielded 480 articles which were initially 
evaluated (Figure 1). After review, 51 original articles 
reporting treatment outcomes for management of large 
brain metastases were identified (radiation therapy, targeted 
therapy, surgery, or a combination of treatment modalities). 
After selecting articles based on the inclusion criteria,  
18 primary research articles were included for review which 
reported treatment outcomes of large brain metastases with 
either radiation therapy or surgery (Tables 1,2).

Three review articles were also identified, with two 
systemic reviews examining the role of SRS or multi-
fraction stereotactic radiation therapy (MFSRT) in the 
management of large brain metastases, which evaluated the 
literature published until 2018 (31,32), and one narrative 
review which did not report a systematic search (33). This 
article differs from these previously reported reviews by 
broadening the search criteria to include management 
options for large brain metastases with systemic therapies 
instead of radiation alone, as well as excluding studies on 
patients who have received previous WBRT, which may 
confound our objective of comparing local control and 
radiation necrosis between modalities. 

Radiosurgery alone

Role of radiosurgery 

Currently, the preferred approach for patients with limited 
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brain metastases remains surgery with post-operative SRS 
or SRS alone (34). However, no current guideline exists 
for the subset of patients presenting with brain metastases  
>2 cm in diameter. Given that large brain metastases 
may often be symptomatic or cause mass effect, these 
patients may be considered for upfront surgical resection. 
Alternatively, patients may be stable on presentation or be 
ineligible for neurosurgery due to medical comorbidities 
or eloquent location in the brain and be considered for 
definitive radiotherapy instead. A number of studies exist 
reporting the use of SRS to control large brain metastases 
which are included in our review (Table 1). All studies 
examined either single-fraction SRS or MFSRT. Given the 
purpose of our review is to discuss the modern management 
of large brain metastases, articles which included patient 
outcomes for those treated with combined SRS and 
WBRT were excluded, however, this treatment approach is 
sometimes still employed in clinical practice. 

In our review we identified nine articles which explored 
the outcomes of patients treated with SRS or MFSRT alone 
for definitive therapy (13-21). Of these, there were three 
prospective studies (14,16,19), and six retrospective reviews 
published between the years 2013 to 2020. All reviews 
either evaluated SRS versus MFSRT or MFSRT alone, 
with no study reporting outcomes of SRS only on patients. 
Historically, it is well documented that brain metastasis 
size is a risk factor for development of radiation necrosis 
with SRS and treatment for lesions greater than 4 cm  
have typically avoided single fraction treatment (31). By 
fractionating SRS regimens, a higher biologically effective 
dose (BED) may be administered while reducing normal 
brain tissue toxicity and maintaining local control. Many 
of the modern studies exploring definitive radiosurgery for 
management of large brain metastases, including those in 
our review, have focused on determining the most effective 
dose and fractionation schedule for local tumor control with 
minimal rates of radiation necrosis. 

Efficacy of fractionated stereotactic radiotherapy

In the studies reviewed, the one-year local control reported 
for MFSRT alone ranged from 65% (17) to 96% (20). Two 
of three retrospective studies which directly compared 
single versus multi-fraction treatment found statistically 
significant improvements in local control for large brain 
metastases with MFSRT compared to SRS (13,18,21). In 
a retrospective review of 289 patients treated with SRS or 
MFSRT, Minniti et al. (18) identified one-year local control T
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rates of 77% and 91% respectively. These results were 
then corroborated by Chon et al. (13) in their retrospective 
review of 100 patients which demonstrated 66.6% one-year 
local control for patients treated with SRS versus 92.4% 
with MFSRT. In multivariate analysis, positive predictive 
factors for local tumor control included hypofractionation, 
non-gastrointestinal primary cancers, and recent primary 
cancer diagnosis. 

Two dose-escalation trials were identified to determine 
which dose of MFSRT achieves the highest local control 
rates while balancing radiation toxicity. In the recently 
published trial by Kim et al. (16), receiving 30 Gy in three 
fractions as opposed to 27 or 24 Gy in three fractions was 
associated with a statistically significant increase in radiation 
necrosis (the only significant factor on multivariate analysis). 

Toxicity associated with radiotherapy

As explained above, the main risk for treatment of large 
brain metastases with stereotactic radiation therapy is 
radiation necrosis. This may present one to two years 
following treatment, either radiographically, or if severe 
enough, via symptoms such as headache, drowsiness, or 

seizures and even death (35). It is difficult to ascertain the 
rates of radiation necrosis from hypofractionated regimens 
due to the lack of prospective trials, limited follow-up, 
and variability in BED and time between treatments. 
Furthermore, institutions vary on their recording system 
for radiation necrosis, many of which rely on radiographic 
findings at follow-up. 

In the studies which compared SRS with MFSRT, all 
reported a statistically significant reduction in radiation 
necrosis with fractionation of treatment (13,18,21). These 
rates ranged from 13–30% with SRS in comparison to 
0–8% of patients who underwent hypofractionated therapy 
while maintaining adequate local control as described 
above. It is difficult to delineate what dose fractionation 
schedule is acceptable for reducing risk of radiation necrosis 
for large brain metastases due to the incomparability 
between reporting and definition of radiation necrosis 
between studies. However, comparability of radiation 
necrosis in a prospective dose-escalation study by Kim  
et al. (16) demonstrated that 30 Gy in 3 fractions results 
in unacceptable radionecrosis (37% of patients treated) in 
comparison to 27 Gy in three fractions (13% of patients), 
without improvement in one-year local control (75% and 

In
cl

ud
ed

S
cr

ee
ni

ng
Id

en
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ic
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480 articles identified by 

search criteria

429 articles excluded after 

screening for relevance

19 articles excluded which did not 

report disease specific outcomes 

for large brain metastases

14 articles excluded which 

examined patients with prior 

WBRT

480 articles screened for 

relevance

51 full text articles assessed 

for eligibility

18 studies included in review

Figure 1 Results of literature search, with number of articles included for review. WBRT, whole-brain radiotherapy.
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80% respectively). Similar results using 27 Gy in three 
fractions were achieved by Minniti et al. (18) [1 year local 
control (LC) 91%, radionecrosis (RN) 8%], and Navarria  
et al. (20) (1 year LC 96%, RN 5.8%). 

These studies provide convincing results of an optimal 
dose/fractionation schedule, making MFSRT an attractive 
treatment option for select patients to reduce risk of 
radiation toxicity while still providing adequate local 
control. In a recent meta-analysis combining data from 
24 trials treated with SRS or MFSRT for large brain 
metastases, a relative reduction of radiation necrosis was 
identified with MFSRT regimens while achieving similar 
or higher rates of 1-year local control compared to SRS 
treatment (31). Although the meta-analysis lacked individual 
patient level data and could not adjust for covariates, these 
findings are also consistent with the results of our review. 
Current prospective clinical trials are ongoing to determine 
MFSRT maximum tolerated dose for both 3 fraction 
(NCT02054689) and 5 fraction regimens (NCT01705548). 

Surgery plus radiation 

Role of surgery and cavity SRS

In patients with limited brain metastases, surgery remains 
a cornerstone of treatment, especially for those with good 
performance status and controlled primary disease (34). 
A number of reasons may warrant treatment with surgery 
versus definitive radiation therapy, such as patients with 
an unknown primary to confirm the diagnosis of a CNS 
metastasis. Another indication is among patients who 
are symptomatic or have mass effect from the lesion, 
hence making surgery an important component in the 
management of large brain metastases. 

Post-operative cavity radiation is the standard of care 
following surgical resection of brain metastases, given that 
surgery alone confers unacceptable control rates of about 
50% (6). Randomized trials show that SRS is an effective 
and less toxic alternative to WBRT for cavity irradiation, 
however risk of radiation necrosis increases with the 
volume of cavity irradiated (36). A paucity of data also exists 
to suggest the optimal dose and fractionation schedule 
for post-op cavity irradiation with SRS for large brain 
metastases to balance local control with risk of toxicity. This 
has been a main focus of modern studies evaluating cavity 
radiation for large brain lesions. 

There is also limited evidence comparing definitive 
radiosurgery alone versus surgery plus radiosurgery alone in 

the management of large brain metastases. In our review, we 
identified nine studies which evaluated tumor control and 
toxicity in patients treated with surgery followed by cavity 
SRS or MFSRT for large brain metastases (22-30) (Table 2). 
All of these were retrospective institutional reviews, apart 
from one prospective, single-arm phase 2 trial by Navarria 
et al. (28) to assess the safety and efficacy of MFSRT to the 
tumor bed following resection of large brain metastases. 
In total, three reviews compared outcomes between cavity 
radiation and definitive radiation (23,25,27). 

Efficacy of surgery and cavity SRS

The one-year local control rate for large brain metastases 
treated with surgery plus cavity SRS/MFSRT range from 
69–100% (26,29). Six of the nine identified studies treated 
the tumor bed with MFSRT and only three with SRS, 
representing a shifting paradigm in the management of 
surgical resection cavities to account for the larger volume 
of normal brain tissue radiated following resection of 
metastases ≥2 cm in size. 

In the three institutional reviews comparing outcomes 
between post-op cavity radiation and definitive radiotherapy 
alone, none had a statistically significant difference in 
local control or overall survival (after correcting for 
patient characteristics) between the two treatment arms. 
In these studies, most patients who underwent surgical 
resection compared to MFSRT either had symptomatic 
lesions warranting surgery, were not surgical candidates, or 
declined operation. MFSRT alone was also commonly used 
to treat lesions near critical structures such as the brainstem, 
in eloquent regions of the brain, or among patients with 
multiple metastases compared to only a solitary lesion. On 
analysis of patient characteristics between these groups, the 
studies by Minniti et al. (27) and Dohm et al. (23) were fairly 
balanced, apart from more patients receiving treatment 
for multiple metastases in the MFSRT group than surgery 
+ cavity radiation cohort. The two groups in the study by 
Marcrom et al. (25), however, had a statistically significant 
difference in graded prognostic assessment (GPA) of 2.5 
(surgery + SRS) versus 1.5 (MFSRT alone). Although local 
control was similar between groups, six-month OS differed 
by 86% versus 63% respectively, but the difference was 
not statistically significant after correcting for difference in 
GPA. Interestingly, the median overall survival was higher 
in the definitive MFSRT cohorts in the other two trials in 
comparison to patients who received cavity radiation (23,27). 
Another notable difference in clinical outcomes from these 
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studies was identified by Dohm et al. (23). In their study, 
the rate of distant brain failure was less in the patient cohort 
with MFSRT alone, at 21% in one year compared to 59% 
in the surgical group. The authors hypothesized that this 
difference may be due to delayed initiation of systemic 
therapy among surgical patients to allow for post-op 
healing. 

Toxicity associated with surgery and cavity SRS

As with the studies evaluating radiation necrosis following 
MFSRT, it is difficult to compare rates of radiation necrosis 
among patients who received post-operative cavity radiation 
due to differences in identification, grading and reporting. 
However, most studies recorded rates of Grade 3 or 
higher radiation necrosis (meaning requires neurosurgical 
intervention), which range from 0% (29) to 5.9% (28). 
Toxicity is easiest to analyze in studies comparing treatment 
modalities from the same institution, where post-op cavity 
radiation was compared to MFSRT. In a study by Minniti  
et al. (27) comparing 27 Gy/3 fractions as definitive 
treatment versus the same dose and fractionation following 
surgical resection, they found the rates of radiation necrosis 
higher in the cavity + radiation group, with 11% of patients 
having symptomatic toxicity versus 5% in the MFSRT group 
alone. On univariate analysis, larger gross tumor volume 
(GTV) and volume of normal brain radiated with 18 Gy 
were associated with a statistically increased risk of RN (27).

In addition to the risk of radionecrosis following 
cavity SRS/MFSRT, the combined modality approach 
of surgery + radiation also confers the additional risk of 
leptomeningeal disease (LMD) due to possible tumor 
seeding at the time of surgery (37). Even with modern 
advances in chemotherapy and radiation, the prognosis 
following LMD diagnosis is poor with a median survival of  
3–6 months,  and consideration of  this  r isk when 
determining the best course of treatment is warranted (38). 
In the included studies, LMD rates ranged from 6% (23) 
to 45% (25) following resection and cavity radiation. In 
the three studies comparing definitive radiation to cavity 
radiation, two reported a statistically significant increase 
in LMD following surgery + MFSRT/SRS (18,25). Vogel  
et al. (30) identified significant risk factors for LMD 
including the simultaneous resection of multiple metastases 
and greater than 50 days delay before receiving cavity 
radiosurgery. Marcrom et al. (25) specifically looked at 
leptomeningeal failure as a primary outcome for their 
study evaluating management of large brain metastases. 

The authors corroborated these results, identifying the 
number of brain metastases as a risk factor for LMD 
(higher with more brain metastases), as well as performing 
surgery in general (25). Although the management of large 
brain metastases with surgery followed by radiation may 
predispose patients to leptomeningeal carcinomatosis, it is 
difficult to quantify this risk due to differences in cytologic, 
radiographic, and clinical reporting of LMD in studies. 
However, since LMD is often associated with the need for 
further interventions such as salvage WBRT, it is necessary 
to consider the best treatment option for improved local 
control while reducing the risk of LMD. 

The above studies affirm the role of MFSRT for 
large post-operative cavities by demonstrating optimal 
treatment efficacy with minimal toxicity. These results 
are supported by a recent retrospective study by Soliman 
et al. (39), identifying high rates of local control using a 
five-fraction treatment regimen and median total dose of 
30 Gy to the tumor cavity. Although this study did not 
exclusively include larger tumours , 84% of patients in the 
study had brain metastases ≥2 cm. Similar one year local 
control and radiation necrosis rates were reported at 84% 
and 6% respectively. Notably, preoperative tumor size was 
not a predictor of local control or toxicity, which supports 
MFSRT as an optimal treatment approach with improved 
outcomes for large tumor cavities (39).

A treatment displaying future promise is neoadjuvant 
SRS/MFSRT prior to surgery. In our review, one 
prospective trial protocol was identified administering 
neoadjuvant SRS prior to surgery for large brain metastases, 
with the primary outcome being radionecrosis and 
secondary outcomes including one-year local control 
and LMD (40). This new treatment paradigm is based 
on findings from a retrospective analysis of lesions with a 
median size 3 cm, identifying lower rates of LMD (3% vs. 
17%) and symptomatic radiation toxicity (1.5% vs. 14.6%) 
with pre-operative versus post-operative SRS (41). These 
results have been corroborated by similar, later studies (42), 
however higher quality data is still needed on patients with 
large brain metastases. Future clinical trials may elucidate 
the value of neo-adjuvant radiation therapy, such as the 
study by Takami et al. (40) and the Phase II neo-adjuvant 
SRS trial which is evaluating radiation toxicity as the 
primary outcome (NCT03368625). 

Targeted therapy

In the modern management of brain metastases, targeted 
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therapy represents an emerging treatment modality 
which may be a useful adjuvant to the treatment options 
mentioned above. Recent advances in some agents have 
demonstrated improved CNS penetrance and current 
National Comprehensive Cancer Network  (NCCN) 
guidelines state that a trial of targeted therapies may 
be considered in patients with metastatic melanoma or 
anaplastic lymphoma kinase (ALK)-rearrangement positive 
non-small cell lung cancer (NSCLC) and epidermal growth 
factor receptor (EGFR)- mutant NSCLC presenting with 
brain metastases (34). Targeted therapies of particular 
interest are second and third generation tyrosine kinase 
inhibitors (TKIs) such as alectinib, which has demonstrated 
a CNS response rate of 82% and 12-month rate of CNS 
progression of 9% ALK-positive NSCLC patients (43). 
Another TKI which has shown promise is osimertinib, 
with 77% 12-month progression free survival (PFS) in 
EGFR-mutant NSCLC, demonstrating good blood brain 
barrier penetration and adequate tumor control (44).  
For small, asymptomatic brain metastases, it is not 
unreasonable to delay radiation treatment while intracranial 
disease is controlled on targeted therapy in these patients. 
However, no recommendation exists for the subset of 
individuals presenting with large brain metastases, and few 
trials have combined radiation with targeted therapies.

Unfortunately, our literature search did not yield any 
studies evaluating the role of targeted therapy in patients 
with large brain metastases. However two retrospective 
reviews were identified which included patients with either 
symptomatic brain lesions or those ≥1 cm in diameter. Both 
study populations evaluated NSCLC patients who were 
ALK-rearranged or EGFR-mutant positive. The first study 
by Lin et al. (45) reported a response rate of 73.3% and a 
median CNS duration of response 19.3 months in NSCLC 
patients on alectinib. All eight patients with symptomatic 
metastases had clinical improvement with alectinib (five also 
requiring steroids). Dutta et al. (46) reported similar results 
with TKIs, demonstrating 94% intracranial response at  
3 months and a median PFS of 13.9 months as initial 
therapy for large or symptomatic brain lesions. Although 
these studies demonstrated promising results for the 
management of brain metastases, both reviews had small 
population sizes, and have inherent limitations given the 
nature of prospective studies considering both are only from 
a single institution and data collection is prone to selection 
bias. Caution must still be used in the management of large 
brain metastases, given the lack of data available to guide 
decision making.

Targeted therapies may also increase the risk of radiation 
toxicity in combination with SRS/MFSRT with some 
retrospective reviews reporting significantly higher rates 
of radiation necrosis in patients receiving concurrent 
immunotherapy (47) and TKIs (48). There may also be 
neurocognitive symptomatology associated with these drugs, 
and from a quality of life perspective these side effects must 
be considered for similar reasons why WBRT has fallen out 
of favor. Current ongoing trials will provide more clarity to 
the safety and efficacy of targeted therapies and their effect 
in combination with SRS. We look forward to the results of 
the OZM-094 phase II randomized controlled trial (RCT) 
comparing osimertinib alone or in combination with SRS for 
patients with EGFR-positive lung cancer (NCT03497767), 
with progression free survival and neurocognitive changes 
as treatment endpoints. Studies such as these will not only 
clarify the role of targeted therapy in the management of 
brain mets, but also in conjunction with SRS. 

Conclusions 

In conclusion, the management of large brain metastases 
requires adequate local control with preservation of healthy 
brain tissue and minimization of treatment-related toxicity. 
The mainstay of treatment remains surgery followed by 
cavity radiation, or definitive SRS/MFSRT. Targeted 
therapies are an upcoming treatment modality with certain 
drugs such as osimertinib and alectinib showing promising 
results, however these drugs are reserved for a very select 
subgroup of patients. Current evidence suggests that 
MFSRT is a reasonable alternative to standard SRS in 
the definitive treatment setting for asymptomatic patients 
with large brain metastases to achieve adequate local 
control while balancing the risk of radiation necrosis. After 
discussion in the multidisciplinary setting, if surgery is 
indicated then MFSRT should also be considered for large 
post-op cavity volumes to reduce risk of radiation necrosis. 
Future prospective studies are required to provide a more 
definitive dose and fractionation regimen.
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