
Table S1. Clinical trials in local treatment for BCBM 
Local treatment for BCBM 
Treatment Patients’ population Trial name 

(NCT num-
ber) 

Phase Estimated primary com-
pletion date 

Status Primary endpoint 

Preoperative SRS 
vs Postoperative 
SRS 

BMs under 4 cm for single fraction, 
and over 7 cm for multifraction ther-
apy 

(NCT0374167
3) 

III July 10, 2022 Recruiting LMD-free rate  

Preoperative SRS 1–6 BMs (2–4cm) (NCT0336862
5) 

II January 1, 2022 Recruiting Radiation toxicity 

WBRT vs HA-
WBRT 

New BM which at least 2 BMs are 
under 40 mmm, and the distance 
from the border of a mass to the hip-
pocampal margin should be more 
than 15 mm. 

(NCT0300253
2) 

(Not Applicable) August, 2017 Unknown Neurocognitive 
function 

SRS with WBRT 
versus SRS with-
out WBRT 

5–20 BMs (NCT0377533
0) 

Not applicable December, 2020 Not yet recruiting Neurocognitive 
function 

WBRT with me-
mantine vs WBRT 
without meman-
tine 

Pathologically proven BMs (NCT0056685
2) 

III April, 2011 Published by Brown et al. 
[1] 

Cognitive function 

WBRT vs HA-
WBRT 

New BM which at least 2 BMs are 
under 40 mmm, and the distance 
from the border of a mass to the hip-
pocampal margin should be more 
than 15 mm. 

(NCT0300253
2) 

(Not Applicable) August, 2017 Unknown Neurocognitive 
function 

HA-WBRT plus 
memantine vs 
WBRT plus me-
mantine 

BMs outside a 5-mm margin around 
either hippocampus 

NRG Oncol-
ogy CC001 
(NCT0236021
5) 

III April 30, 2018 Published by Brown et al. 
[2] 

Time to cognitive 
function failure 

SRS vs HA-
WBRT plus me-
mantine 

5–15 BMs (NCT0355039
1) 

III December 31, 2021 Recruiting OS, Neurocogni-
tive PFS 



FSRT 1 to 10 HER2-positive BCBMs (NCT0406140
8) 

II July, 2021 Recruiting Intracranial local 
tumor control rate 

Abbreviations: BM, brain metastasis; BCBM, breast cancer brain metastasis; SRS, stereotactic radio surgery; WBRT, whole brain radiation therapy; HA-WBRT, hippo-
campal-avoidance whole brain radiation therapy; FSRT, fractionated stereotactic radiotherapy; OS, overall survival; PFS, progression free survival; LMD, leptomenin-
geal disease 
  



Table S2. Clinical trials in systemic therapy for BCBM 
Systemic therapy for HER2-positive BCBM 
Treatment Patients’ population Trial name 

(NCT number) 
Phase Estimated 

primary com-
pletion date 

Status Primary endpoint 

Intra-arterial cerebral infu-
sion of trastuzumab 

HER2-positive BCBM (NCT02571530) I September, 
2022 

Recruiting MTD, adverse events and dose-limiting 
toxicities  

Lapatinib plus capecitabine 
vs capecitabine 

Advanced BC with 
progression on 
trastuzumab 

(NCT00078572) III April, 2006 Published by Cam-
eron et al. [3] 

Time to progression 

Lapatinib plus capecitabine 
vs lapatinib plus topotecan 

HER2-positive BC 
with progressive 
BCBM after 
trastuzumab and cra-
nial radiotherapy 

(NCT00437073) II January, 2009 Published by Lin et 
al. [4]  

CNS objective response 

Lapatinib plus taxane fol-
lowed by lapatinib vs 
trastuzumab plus taxane 
followed by trastuzumab 

HER2-positive MBC 
without BM 

NCIC CTG MA.31 
(NCT00667251) 

III August 1, 
2012 

Published by 
Gelmon et al. [5] 

PFS 

Lapatinib plus capecitabine 
vs trastuzumab plus cape-
citabine 

HER2-positive MBC 
without BM 

CEREBEL (EGF111438) 
(NCT00820222) 

III June 11, 2012 Published by Pivot 
et al. [6] 

Incidence of CNS metastases as first site 
of relapse  

Intermittent high-dose 
Lapatinib plus capecitabine 

HER2-positive BCBM (NCT02650752) I January 22, 
2021 

Published by Mori-
kawa et al.[7] 

MTD 

Lapatinib plus everolimus 
plus capecitabine 

HER2-positive BCBM TRIO-US B-09 
(NCT01783756) 

I/II May 10, 2019 Published by  
Hurvitz et al. [8]. 

CNS ORR 

Lapatinib plus WBRT/SRS 
vs WBRT/SRS 

HER2-positive BCBM (NCT01622868) II December 30, 
2019 

Reported by Kim et 
al.[9] 

CR rate in the measurable BM 

Lapatinib plus WBRT BM from HER2-posi-
tive BC or lung cancer 

(NCT01218529) II August, 2014 Completed Response rate in brain as assessed by vol-
umetric analysis of brain MRI. 

Pertuzumab plus high-dose 
trastuzumab 

HER2-positive pro-
gressive BCBM after 
radiotherapy 

PATRICIA 
(NCT02536339) 

II May 1, 2019 Ongoing Percentage of participants with objective 
response in the CNS 



Intrathecal pertuzumab 
and trastuzumab 

New untreated asymp-
tomatic or low symp-
tomatic HER2-positive 
BCBM 

(NCT02598427) I February 22, 
2018 

Terminated (Inade-
quate enrollment) 

Safety, MTD 

T-DM1 alone vs T-DM1 
plus metronomic te-
mozolomide 

HER2-positive BCBM 
treated with SRS 

(NCT03190967) I/II June 30, 2022 Recruiting MTD of temozolomide when used with 
T-DM1, Median amount of time subject 
survives without disease progression af-
ter treatment 

Afatinib vs afatinib plus 
2Gy radiotherapy vs afat-
inib plus 4Gy radiotherapy 

BM from BC or lung 
cancer 

(NCT02768337) I/II June, 2021 Recruiting Ratio of afatinib concentration in resected 
BM / plasma 

Tucatinib plus T-DM1 HER2-positive MBC (NCT01983501) I October 10, 
2017 

Published by Bor-
ges et al. [10] 

Incidence of adverse events 

Neratinib Stage II to IIIC HER-2 
positive breast cancer 
with node positive dis-
ease 

ExteNET 
(NCT00878709) 

III August 21, 
2014 

Published by Chan 
et al. [11] 

Invasive disease-free survival at year 2 

Pyrotinib plus vinorelbine HER2-positive BCBM (NCT03933982) II December 22, 
2021 

Recruiting ORR of CNS 

Pyrotinib plus capecitabine HER2-positive BCBM (NCT03691051) II November 20, 
2019 

Unknown ORR of CNS 

Pyrotinib plus te-
mozolomide (for HER2-
positive BCBM),  
SHR1316 and bevacizumab 
plus cisplatin or car-
boplatin (for TN type 
BCBM) 

HER2-positive or TN-
type BCBM 

(NCT04303988) II December 30, 
2021 

Not yet recruiting ORR in CNS 

GRN1005 (paclitaxel tre-
vatide) vs GRN1005 plus 
trastuzumab 

HER2-positive BCBM GRABM-B 
(NCT01480583) 

II June, 2015  Completed and re-
ported by Bates et 
al. 
[12] 

ORR in CNS 

GDC-0084 plus 
trastuzumab 

HER2-positive BCBM (NCT03765983) II November30, 
2021 

Recruiting Overall response rate in the CNS, and 



evaluation of the correlation between in-
hibition of p-4EBP1 in resected BM and 
intracranial response in the correspond-
ing PDX models of BCBM 

Palbociclib plus 
trastuzumab 

HR-negative/HER2-
positive BCBM 

(NCT02774681) II February 13. 
2019 

Terminated (Slow 
accrual) 

RRR in CNS 

Palbociclib plus 
trastuzumab plus lapatinib 
plus fulvestrant 

ER-positive/HER2-
positive BCBM 

(NCT04334330) II July, 2021 Not yet recruiting ORR in CNS 

Everolimus plus vi-
norelbine plus trastuzumab 

HER2-positive BCBM (NCT01305941) II August, 2016 Published by Van 
Swearingen et 
al.[13] 

ORR in CNS 

HER2-CAR T cells HER2-positive recur-
rent BCBM or lep-
tomeningeal metasta-
ses 

(NCT03696030) I August 31, 
2021 

Recruiting Incidence of DLTs, number of adverse 
events 

HER2-specific T cells 
(HER2-CAR T cells) 

HER2-positive BCBM (NCT02442297) I February, 
2021 

Recruiting Number of patients with DLTs 

Atezolizumab plus per-
tuzumab plus trastuzumab 

HER2-positive BCBM (NCT03417544) II February, 
2021 

Active, not recruit-
ing 

ORR in CNS 

Systemic therapy for luminal-type BCBM 
Treatment Patients’ population Trial name (NCT 

number) 
Phase Estimated 

primary com-
pletion date 

Status Primary endpoint 

Everolimus plus exemes-
tane vs everolimus alone vs  
capecitabine alone 

HR-positive locally ad-
vanced, recurrent or 
MBC 

BOLERO-6 
(NCT01783444) 

II July 2, 2018 Published by Jeru-
salem et al. [14] 

PFS 

Abemaciclib or PI3K inhibi-
tor GDC-0084 or  en-
trectinib, selected by ge-
netic test 

New or progressive 
BM 

(NCT03994796) II July, 2021 Recruiting ORR in CNS 

Ribociclib (LEE011) plus 
buparlisib (BKM120) plus 
fulvestrant vs ribociclib 

Postmenopausal 
women with HR-posi-
tive/HER2-negative, 

(NCT02088684) I/II April 17, 2018 Completed and re-
ported by Tolaney 
et al. [15] 

Incidence of DLTs, PFS 



plus alpelisib (BYL719) 
plus fulvestrant vs ribo-
ciclib plus fulvestrant 

locally recurrent or ad-
vanced MBC 

Buparlisib (BKM120) plus 
fulvestrant vs fulvestrant 

HR-positive / HER2-
negative, locally ad-
vanced or MBC, with 
postmenopausal status 

BELLE-2 
(NCT01610284) 

III April 20, 2015 Published by 
Baselga et al. [16] 

PFS 

Buparlisib (BKM120) plus 
capecitabine (plus 
trastuzumab for HER2 pos-
itive group) 

BCBM 
(including all subtype) 

(NCT02000882) II March 29, 
2019 

Completed CBR 

Alpelisib (BYL719) plus 
capecitabine vs buparlisib 
(BKM120) plus capecita-
bine vs buparlisib plus 
capecitabine plus 
trastuzumab vs buparlisib 
plus capecitabine plus lapa-
tinib 

MBC including BCBM (NCT01300962) I February 7, 
2017 

Published by 
McRee et al. [17] 

MTD, DLT 

Systemic therapy for triple negative BCBM 
Treatment  Trial name (NCT 

number) 
Phase Estimated 

primary com-
pletion date 

Status Primary endpoint 

Pembrolizumab plus SRS BCBM 
(including all subtype) 

(NCT03449238) I/II December 30, 
2024 

Recruiting Tumor response for non-irradiated brain 
lesions at 8 weeks, correlation of absco-
pal responses with the radiation dose re-
ceived, OS 

Pembrolizumab vs chemo-
therapy (treatment of phy-
sician’s choice) 

Metastatic TNBC NK-3475–119/KEY-
NOTE-119 
(NCT02555657) 

III April 11, 2019 Completed OS 

Pembrolizumab plus 
paclitaxel vs pembroli-
zumab plus nab-paclitaxel 
vs pembrolizumab plus 

Previously untreated 
locally recurrent inop-
erable BC or metastatic 
TNBC 

MK-3475-355/KEY-
NOTE-355 
(NCT02819518) 

III January 12, 
2022 

Active, not recruit-
ing. 
Reported by Cortes 
et al. [18] 

Adverse event, PFS, OS 



gemcitabine/carboplatin vs 
pembrolizumab plus chem-
otherapy vs chemotherapy 
Atezolizumab plus SRS TN-type BCBM (NCT03483012) II September 30, 

2021 
Active, not recruit-
ing 

PFS 

Atezolizumab plus 
paclitaxel vs paclitaxel 
alone 

Previously untreated 
locally advanced or 
metastatic TNBC 

IMpassion131 
(NCT03125902) 

III November 15, 
2019 

Active, not recruit-
ing 
Reported by Miles 
et al. [19] 

PFS 

Atezolizumab plus chemo-
therapy (pegylated liposo-
mal doxorubicin plus cyclo-
phosphamide) vs chemo-
therapy 

Locally advanced, or 
metastatic TNBC 

ALICE 
(NCT03164993) 

II August 1, 
2021 

Recruiting Toxicity, PFS 

Nivolumab plus SRS BCBM 
(including all subtype) 

(NCT03807765) I September 8, 
2020 

Active, not recruit-
ing 

Number of participants who experience 
DLTs 

Neoadjuvant nivolumab 
plus ipilimumab vs none 
prior to surgery 

1 to 3 untreated, at 
least surgically-resec-
table, solid tumor BM 

(NCT04434560) II January, 2023 Recruiting Proportion of patients that receive neo-
adjuvant ipilimumab and nivolumab 
prior to surgery and SRS, proliferation of 
circulating T-cells 

Sorafenib plus WBRT BCBM 
(including all subtype) 

(NCT01724606) I November, 
2021 

Active, not recruit-
ing 

MTD, toxicity by the number of adverse 
events 

AZD1390 plus radiation 
therapy 

Primary brain tumor or 
BM 

(NCT03423628) I February 17, 
2023 

Recruiting Incidence of DLTs, incidence of adverse 
events and serious adverse events 

Etirinotecan pegol (NKTR-
102) vs physician's treat-
ment of choice 

Locally recurrent BC 
or MBC previously 
treated with an an-
thracycline, a taxane 
and capecitabine 

BEACON 
(NCT01492101) 

III April, 2016 Published by Cor-
tés et al. [20] 

OS 

Erinotecan pegol (NKTR-
102) vs physician's treat-
ment of choice 

Stable BCBM previ-
ously treated with an 
anthracycline, a taxane 
and capecitabine 

ATTAIN 
(NCT02915744) 

III July, 2020 Published by Tripa-
thy et al. [21] 

OS 

Nanoliposomal irinotecan BCBM (NCT03328884) II October 15, Recruiting ORR in CNS 



(including all subtype) 2022 
Veliparib (ABT-888) plus 
carboplatin plus paclitaxel 
vs carboplatin plus 
paclitaxel 

HER2-negative meta-
static or locally ad-
vanced unresectable 
BC with BRCA muta-
tion 

BROCADE3 
(NCT02163694) 

III April 5, 2019 Published by 
Diéras et al. [22] 

PFS 

Cisplatin plus veliparib vs 
cisplatin alone 

Recurrent or Meta-
static TNBC, including 
BM 

SWOG S1416 
(NCT02595905) 

II October 31, 
2021 

Active, not recruit-
ing 
Reported by 
Sharma et al. [23] 

PFS 

Talazoparib (BMN-673) 
plus carboplatin plus 
paclitaxel 

Advanced BRCA-mu-
tated solid tumor or 
metastatic TNBC 

(NCT02358200) I January 8, 
2019 

Terminated  ORR 

Rucaparib HER2-negative MBC 
with a BRCAness 

RUBY 
(NCT02505048) 

II February, 
2019 

Active, not recruit-
ing 
Reported by 
Patsouris et al. [24] 

CBR 

Niraparib plus pembroli-
zumab 

Advanced or meta-
static TNBC or recur-
rent ovarian cancer 

TOPACIO/KEYNOTE-
162 
(NCT02657889) 

I/II May 14, 2018 Published by Vi-
nayak et al. [25] 

Number of subjects reporting DLTs, ORR  

 
Abbreviations: HR, hormone receptor; HER2, human epidermal growth factor receptor 2; TN, triple negative; TNBC, triple negative breast cancer; BC, breast 
cancer; BM, brain metastasis; BCBM, breast cancer brain metastasis; MBC, metastatic breast cancer; SRS, stereotactic radiosurgery; CNS, central nervous system; CAR, 
Chimeric Antigen Receptors; CSF, cerebrospinal fluid; OS, overall survival; PFS, progression-free survival; ORR, objective response rate; RRR, radiographic response 
rate; CBR, clinical benefit rate; CR, complete response; T-DM1, trastuzumab emtansine; MRI, magnetic resonance imaging; PDX, patient-derived xenograft; MTD, 
maximum tolerated dose; DLTs, dose limiting toxicities  
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