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Abstract. With the advent of novel systemic therapies, such as 
molecular targeted therapy and immune checkpoint inhibitors, 
the treatment of advanced‑stage cancer is markedly transi‑
tioning. The treatment for brain metastasis is influenced by these 
new therapies. Moreover, the frequency of brain metastasis is 
associated with cancer genetics. Since conventional cytotoxic 
chemotherapeutic drugs cannot easily cross the brain‑blood 
barrier, radiotherapy plays a major role in the management 
of brain metastasis. Whole‑brain radiotherapy (WBRT) has 
been frequently used, especially for multiple metastatic brain 
tumors; however, late adverse effects on cognitive function 
are a significant clinical problem of WBRT in patients with 
an otherwise good prognosis and overall survival rate. Some 
novel systemic agents are effective against brain metastasis. 
Moreover, advances in radiotherapy technology have made 
it possible to deliver optimal radiation doses to patients with 
brain metastasis, with fewer adverse events. Brain metastasis 
has a significant impact on the quality of life of patients with 
advanced‑stage cancer; therefore, its appropriate management 
is an important factor in the comprehensive treatment of 
cancer.
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1. Introduction

Between 10 and 15% of patients with cancer develop meta‑
static brain tumors (1‑3). The most frequent primary site of 
metastasis is the lung, followed by the breast, gastrointestinal 
tract, kidneys and skin (4‑6). The frequency of brain metas‑
tasis is linked to the genetic background of the cancer. Patients 
with advanced non‑small cell lung cancer (NSCLC) with 
epidermal growth factor receptor (EGFR) mutation have a 
higher rate of brain metastasis, even after adjusting for differ‑
ences in survival, compared with wild‑type patients (7). Brain 
metastasis is more prevalent in patients with human epidermal 
growth factor type  2 (HER2)‑positive or triple‑negative 
metastatic breast cancer (8).

With the recent development of molecular targeted 
therapies and immune checkpoint inhibitors (ICIs), the 
management of metastatic brain tumors is undergoing major 
changes with respect to the systemic treatment of cancer. 
Cytotoxic chemotherapy is ineffective in treating intracranial 
lesions due to the blood‑brain barrier (BBB) (9). Therefore, 
whole‑brain radiotherapy (WBRT) has been the primary 
treatment for metastatic brain tumors, especially in cases with 
multiple lesions (10).

Since the development of irradiation techniques, an 
emphasis has been placed on treatment strategies focusing 
on long‑term outcomes without severe clinical adverse 
effects (11,12). A linear accelerator, which is widely used in 
cancer treatment, is a device that speeds up electrons with 
a small linear accelerator and collides them with a metal 
target to produce X‑rays of 4‑10  MV. Recent progress in 
image‑guided radiation therapy and intensity‑modulated 
radiation therapy (IMRT) has made it possible to treat several 
brain metastases at once in a non‑invasive manner (13). The 
combination of high‑dose‑delivery mode and volumetric 
modulated arc therapy, which is an advanced type of IMRT, 
has made it possible to deliver a high dose of radiation suitable 
for stereotactic radiosurgery in a short period (14,15).

In recent years, the advent of immunotherapy has revolu‑
tionized the systemic treatment of cancer, which has led to the 
reconsideration of treatment strategies for brain metastasis. We 
consider that it is necessary to review the management of brain 
metastasis while factoring in the use of the novel therapeutic 
agents. The present study reviews the general management of 
brain metastasis and how it has been impacted by the recent 
advances in systemic therapy and radiation therapy.
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2. Radiotherapy for brain metastasis

Although WBRT has been the standard treatment for multiple 
brain metastases, cognitive dysfunction after WBRT is a major 
clinical problem (16). Recently, the stereotactic irradiation 
(STI) technique, involving a linear accelerator, Gamma Knife 
or CyberKnife, was developed. Fig. 1 represents the difference 
in dose distribution for WBRT and STI in a metastatic brain 
tumor. The role of STI has become more important, as it makes 
it possible to focus the radiation on the lesion from multiple 
directions, while minimizing the dose to the surrounding 
normal tissue. Radiation necrosis (RN) after STI is one of 
the most frequent adverse events. The incidence rate of RN 
after stereotactic radiotherapy is reported to be 6‑25% (17‑20). 
Minniti et al (21) analyzed 310 metastatic brain tumors treated 
by STI and reported 75 cases of RN (24%), consisting of symp‑
tomatic 31 cases and asymptomatic 44 cases. The incidence rate 
of RN is associated with the maximum size of the treatment 
target tumor (22). According to Radiation Therapy Oncology 
Group protocol 90‑05, the maximum tolerated dose is consid‑
ered to be 24 Gy when the maximum diameter of the tumor is 
≤2 cm (23). Recently, more detailed radiation parameters, such 
as the normal brain volume receiving a specific dose of 10 Gy 
or 12 Gy, have been widely used as sophisticated predictors of 
RN (24). Putz et al (25) revealed that fractionated stereotactic 
radiotherapy leads to a reduction in both RN risk [hazard ratio 
(HR), 0.18; P=0.045] and local progression rate (HR, 0.47; 
P=0.015) compared with single‑session radiosurgery.

Brown et al (26) randomized 213 patients with 1‑3 brain 
metastases to undergo treatment using STI alone or 
STI + WBRT. The combined therapy did not improve the 
overall survival (OS) rate (HR, 1.02; P=0.92) and increased 
cognitive dysfunction events (91.7 vs. 63.5%; P=0.04). 
Yamamoto  et  al  (27) reported the clinical results of STI 
without WBRT for multiple brain metastases in the JLGK0901 
study. Patients with 1 brain metastasis had a better prognosis 
than others, and no significant difference was observed in 
the OS rate in patients with 2‑4 and 5‑10 brain metastases 
(HR, 0.97; P=0.78). A consensus was not reached on adjuvant 
therapy for limited isolated brain metastases. In the 1990s, 
Patchell  et  al  (28,29) revealed that adjuvant WBRT after 
surgical resection of brain metastases prolonged OS. Recently, 
adjuvant STI has provided the possibility of a comparable 
treatment outcome to WBRT for patients with resected brain 
metastases. In the randomized phase III JCOG0504 trial by 
Kayama et al (30), after brain metastasis surgery, patients were 
randomly assigned to WBRT or salvage STI treatment arms, 
and both arms reported a median OS time of 15.6 months. 
Brown et al (31) also reported that there was no significant 
difference in OS time when comparing postoperative STI 
and WBRT (12.2 vs. 11.6 months, respectively; P=0.70). By 
contrast, Kepka  et  al  (32) insisted that non‑inferiority of 
postoperative STI compared with postoperative WBRT was 
not demonstrated. Randall et al (33) reported that the clinical 
benefit of adjuvant therapy occurred through the use of ICIs 
after local therapy for isolated brain metastasis.

In patients with SCLC, STI is considered inappropriate for 
managing brain metastasis. According to the American Society 
of Clinical Oncology‑Society for Neuro‑Oncology‑American 
Society for Radiation Oncology collaborative guidelines 

for the treatment of brain metastases, STI alone, without 
WBRT, should be offered to patients with 1‑4 small brain 
metastases, excluding cases of SCLC  (34). A prospective 
randomized phase III study is currently comparing STI with 
hippocampal‑avoidance whole brain radiotherapy in patients 
with 5‑20 brain metastases (ClinicalTrials.gov Identifier: 
NCT03075072). WBRT is the primary method of managing 
brain metastases in patients with SCLC. However, in a recent 
multicenter retrospective cohort study, the median OS time 
after STI did not significantly differ from that after WBRT 
in propensity score‑matched analyses (6.5 vs. 5.2 months, 
respectively; P=0.003) (35).

Prophylactic cranial irradiation (PCI) has been used for 
intracranial progression control and OS benefits in patients 
with limited‑stage SCLC  (36,37). According to a recent 
meta‑analysis, patients treated with PCI exhibited decreased 
brain metastasis (HR, 0.45; P<0.001) and prolonged OS times 
(HR, 0.81; P<0.001) compared with those without PCI treat‑
ment (38). However, with the widespread use of diagnostic 
imaging techniques, such as magnetic resonance imaging 
(MRI) and high‑precision radiotherapy techniques, the use 
of PCI has become controversial. Pezzi et al  (39) reported 
that PCI did not prolong OS time and increase intracranial 
control compared with MRI, as assessed using a propensity 
score‑matching analysis. Identification of appropriate patient 
groups for the use of PCI will be necessary in the future.

3. Molecular targeted therapy for brain metastasis

A new generation of molecular targeted therapies is expected 
to have notable therapeutic efficacy in intracranial lesions (40). 
Osimertinib, a third‑generation EGFR‑tyrosine kinase inhibitor 
(TKI), is highly effective in controlling intracranial lesions, 
as shown by a subset analysis of the FLAURA trial (41). In 
this study, 20 out of 22 patients with EGFR mutation‑positive 
advanced NSCLC, who had evaluable intracranial lesions, 
achieved an intracranial response. Lorlatinib is a third‑genera‑
tion anaplastic lymphoma kinase (ALK)‑TKI that was developed 
to improve the central nervous system (CNS) distribution of 
alectinib and is expected to have a high suppressive effect on 
CNS lesions (42). In the recently reported CROWN trial, lorla‑
tinib had an intracranial response efficiency of 82% in patients 
with advanced ALK‑positive NSCLC without prior systemic 
therapy and with evaluable brain metastases (43). A clinical 
randomized phase III trial is currently evaluating the clinical 
advantage of upfront radiotherapy before systemic therapy in 
patients with driver‑mutated NSCLC and asymptomatic brain 
metastases (ClinicalTrials.gov Identifier: NCT05236946).

Tiramurtinib, a second‑generation Bruton's tyrosine kinase 
inhibitor, has shown a good intracranial response in patients 
with relapsed and refractory CNS lymphoma (44). Tucatinib, 
a HER2 inhibitor, improves intracranial response efficiency 
when included in a regimen consisting of trastuzumab and 
capecitabine for patients with HER2‑positive breast cancer 
and brain metastasis (45).

4. Novel immunotherapy for brain metastasis

In recent years, cancer treatment has advanced significantly, 
and prognostic techniques and systemic therapy, especially 
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in advanced‑stage cancer, have changed markedly. For 
example, the development of ICIs was given the Nobel Prize 
in Physiology or Medicine in 2018 (46). Table I represents 
frequently used ICIs in cancer therapy. Initially, it was hypoth‑
esized that monoclonal antibodies, including ICIs, could not 
pass through the BBB due to their large molecular size. ICIs 
were considered to be ineffective against intracranial lesions 
as they are antibody therapies and do not directly pass through 
the BBB. However, ICIs have exhibited good results when used 
for the treatment of brain metastasis, as they not only directly 
penetrate the brain, but also stimulate a systemic immune 
response against malignant cells  (47). Goldberg et al  (48) 
evaluated the efficacy of pembrolizumab, an anti‑programmed 
cell death‑1 antibody, for brain metastases in a phase II trial 
and reported that 29.7% of patients with programmed cell 
death‑ligand 1 (PD‑L1)‑positive NSCLC brain metastases 
responded to the treatment. The CheckMate 204 study reported 
a response rate of 57% for intracranial lesions in patients with 
brain metastases from malignant melanoma treated with 
the anti‑PD‑L1 antibody nivolumab in combination with the 
anti‑cytotoxic T‑lymphocyte‑associated protein 4 antibody 
ipilimumab (49). This result is similar to the response rate 
of extracranial lesions in the same study. Further studies are 
needed to identify whether ICIs or STIs should be adminis‑
tered first. An ongoing clinical trial is currently evaluating the 
timing of STI with respect to ICI (ClinicalTrials.gov Identifier: 
NCT04650490).

5. Assessment of patient prognosis

When deciding a treatment strategy for a single patient, one of 
the principal components to be considered is patient prognosis. 
In the 1990s, the Radiation Therapy Oncology Group desig‑
nated patient groups based on clinical trial data and reported 
on the recursive partitioning analysis (RPA) score (50), which 
was calculated from Karnofsky Performance Status (51), age 
and extracranial disease status. The median survival time 
was 7.1 months for RPA class I, 4.2 months for class II and 
2.3 months for class III. Due to its simplicity, the RPA clas‑
sification has been widely used for the assessment of patient 
prognosis in a clinical setting. However, its disadvantage is 
that it does not include the differences in prognosis due to the 

number of brain lesions and primary cancer sites. Moreover, 
in the era of its first use, brain metastasis was mainly treated 
with WBRT.

Sperduto et al (52) reported a new prognostic index, the 
graded prognostic assessment (GPA) score, which revealed 
a higher effectiveness than the previous indexes, including 
the RPA score. In 2010, the GPA score was refined to the 
diagnosis‑specific GPA (DS‑GPA) score, which was classified 
into five types of primary cancer sites: NSCLC, breast cancer, 
renal cell cancer, gastrointestinal cancer and malignant mela‑
noma (53). However, since the DS‑GPA is limited to five types 
of cancer, brain metastasis from another cancer was diagnosed 
as per the original GPA. The DS‑GPA of each primary site 
was updated by incorporating recent data for cancer treatment. 
The lung‑molGPA was a revision created by incorporating 
EGFR or ALK alteration data into the lung DS‑GPA (54). In 
2020, breast GPA was updated, reflecting the results of the 
retrospective multi‑institutional analysis of 2,473 patients with 
newly diagnosed brain metastasis (55).

6. Future direction

For the treatment of brain metastases, it is necessary to 
carefully consider the merits and drawbacks of various treat‑
ments based on patient prognosis, primary pathology, size 

Table  I. Frequently used immune checkpoint inhibitors and 
their molecular targets.

Molecular target	 Generic drug name	 Brand name

PD‑1 	 Pembrolizumab	 Keytruda
	 Nivolumab	 Opdivo
PD‑L1	 Atezolizumab	 Tecentriq
	 Durvalumab	 Imfinzi
	 Avelumab	 Bavencio
CTLA‑4	 Ipilimumab	 Yervoy

PD‑1, programmed cell death‑1; PD‑L1, programmed cell 
death‑ligand 1; CTLA‑4, cytotoxic T‑lymphocyte‑associated protein‑4.

Figure 1. Dose distribution for a metastatic brain tumor calculated by the treatment planning system of (A) stereotactic radiotherapy and (B) whole brain 
radiotherapy. The red‑colored area is receiving 95% of the prescribed dose.
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and number of tumors, general patient condition, systemic 
therapy options and performance status. According to the 
results of the QUARTZ trial, additional WBRT for steroid 
administration provides little benefit to patients, with a poor 
prognosis (56).

FLASH radiotherapy, applying irradiation at an extremely 
high dose rate that is >1,000 times higher than the conven‑
tional dose rate, is a potentially powerful therapeutic modality 
for cancer treatment; it reduces associated side effects and 
delivers safer radiation therapy (57). Montay‑Gruel et al (58) 
reported that FLASH radiotherapy has neuroprotective 
effects and suppresses neurocognitive deficits after radiation 
therapy.

Treatment strategy for brain metastasis should be discussed 
by a multidisciplinary cancer board, where physicians, neuro‑
surgeons, pathologists, radiologists and radiation oncologists 
work together. Combination treatment, such as a combination 
of ICIs and STI, augments the potential clinical efficacy in 
patients with advanced cancer and brain metastasis (59). An 
ongoing prospective cohort trial is evaluating the synergetic 
efficacy of the treatment response to STI and ICI in patients 
with NSCLC and malignant melanoma (ClinicalTrials.gov 
Identifier: NCT03458455). In conclusion, since brain metas‑
tasis has a significant impact on the quality of life of patients 
with advanced‑stage cancer, appropriate management is 
critical.
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