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A B S T R A C T   

Breast cancer is one of the main cause of cerebral and leptomeningeal metastases, the prognosis of which remains 
poor to this day. Most studies excluded patients with active brain metastases (BM) and particularly with lep-
tomeningeal metastases (LM) explaining the lack of therapeutic innovation in this area. Currently, the standard 
management of patients with BM of breast cancer is based on the combination of surgery, radiotherapy and 
systemic treatments. Recently, third-generation of Antibody-Drug Conjugates (ADCs), have revolutionized the 
management of metastatic breast cancer. Trastuzumab deruxtecan and Sacituzumab govitecan have indeed 
shown significant improvements of survival outcomes and can now be used in a wide range of breast cancer 
subtypes. However, few data are available on the efficacy of third-generation ADCs on BM and LM of breast 
cancer. As the field of ADCs is rapidly evolving, with new constructs entering the late clinical development, in 
this review we describe the efficacy of approved and novel promising conjugates on patients with BM and LM of 
breast cancer.   

Introduction 

Brain metastases (BM) frequently occur in patients with advanced 
solid tumors, leading to significant morbidity and mortality. Although 
the incidence of BM varies across tumor histologies, it is estimated that 
10 to 25% of patients with metastatic cancer will develop BM during the 
course of their disease [1–3]. Among these tumors, breast cancer (BC) 
ranks as the second most common cause of BM, following lung cancer. 
Autopsy studies, considering both symptomatic and asymptomatic le-
sions, estimate the incidence of BM in BC to be around 20 to 30% [4,5]. 
Among metastatic breast cancers (mBC), HER2 positive and triple- 
negative subtypes are associated with a higher risk of BM (about 30% 
for each) than luminal subtype (15%) [5].Typically, BM is a late event in 
the disease course. The median time between the diagnosis of mBC and 
the onset of BM is approximately 53 months for luminal subtype, 34 
months for HER2-positive subtype, and 25 months for triple-negative 
breast cancer (TNBC) [6]. With the availability of more effective sys-
temic therapies for breast cancer, patients are living longer, resulting in 
a steady increase in the incidence of BM [7]. Despite therapeutic ad-
vancements, patients with BM from BC continue to have a poor prog-
nosis. The median survival varies depending on tumor subtypes, ranging 

from 7 to 9 months for hormone-receptor positive (HR+)/HER2-nega-
tive BC, 16 to 19 months for HR+/HER2-positive BC, 11 to 13 months 
for hormone-receptor negative (HR-)/HER2-positive BC, and less than 5 
months for TNBC [8–10]. 

This poor prognosis is partly attributed to the presence of the 
blood–brain barrier (BBB), which acts as a protective shield for brain 
tissue, making it difficult for conventional chemotherapy to penetrate. It 
has long been believed that large molecules have limited ability to cross 
the BBB due to its physiological and electrical properties. The BBB, along 
with the blood-cerebrospinal fluid barrier, plays a crucial role in 
maintaining brain homeostasis and microenvironment equilibrium 
through various mechanisms [11]. These mechanisms include specific 
characteristics of brain endothelial cells (such as the absence of intra-
cellular fenestrations, presence of tight junctions, and limited pinocy-
tosis activity), differences in protein composition compared to the 
peripheral circulation resulting in electrical resistance, and the presence 
of drug efflux transporters (e.g., P-glycoprotein) that restrict the entry of 
certain molecules, including chemotherapies, into the brain [12–14]. 
However, some studies have suggested that at the site of metastatic 
disease, the BBB may be compromised and transformed into a blood- 
tumor barrier (BTB) [15]. In addition, mBC is a heterogeneous 
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Table 1 
Efficacy of ADC in patients with HER2+/HER2-low metastatic breast cancer and brain metastases across.  

Author 
Date 

Trial name 
Phase 

ADC Main inclusion criteria Number of patient 
with BM 

Outcome in patients with BM Response 
criteria 

HER2 
Krop et al. 

2015 
EMILIA 
Phase III 

T- 
DM1 

-HER2 + advanced breast cancer 
-Previously treated with trastuzumab 
-HR positive or negative 
-Treated, asymptomatic CNS metastases 

45 mOS: 26.8 months (HR 0.38; 95%CI 
0.18–––0.79; p = 0.0081) 
mPFS: 5.9 months) (HR 1.00; 95%CI 
0.54–1.84; p = 1.000)  

RECIST v1.0 

Krop et al. 
2017  

TH3RESA 
Phase III  

T- 
DM1 

-HER2 + advanced breast cancer 
− 2 or more HER2-directed regimens in 
the advanced setting 
-CNS metastasis had to be treated and not 
symptomatic 
-HR positive or negative 

40 mPFS 5.8 months 
(HR 0.47, 95%CI; 0.24–0.89)  

RECIST v1.1 

Montemurro et al. 
2020 

KAMILLA 
Phase IIIb 

T- 
DM1 

-HER2 + locally advanced/metastatic 
breast cancer 
-Prior HER2-targeted therapy and 
chemotherapy 
- Untreated, asymptomatic BM or 
controlled brain disease 
-HR positive or negative 

398  

126 with measurable 
lesions 

IC-ORR 21.4% 
IC-CR 2.4%  

mPFS 5.5 months (95%CI 5.3–5.6) 
mOS 18.9 months (95%CI 17.1–21.3) 

RECIST v1.1 

Jacobson et al. 
2022 

DESTINY- 
BREAST03 
Phase III  

T- 
DM1 

- HER2-overexpressed metastatic breast 
cancer 
-Previously treated with trastuzumab 
and a taxane 
-BM eligible if clinically stable, 
previously treated brain metastases 
-HR positive or negative 

39 IC-ORR 33.3%  

IC-CR 2.8%  

mPFS 3.0 months (HR 0.25, 95%CI 
0.13–0.45) 

RECIST v1.1 

Bartsch et al. 
2015 

- 
Retrospective 

T- 
DM1  

-HER2 + invasive breast cancer 
-Newly diagnosed or progressive BM 
-HR positive or negative  

10 
(8 active BM) 

IC-ORR 70% 
IC-PR 30%  

IC-PFS 5 months (95%CI 3.69–6.32) 
OS NR 

RANO-BM 

Jacot et al. 
2016 

- 
Retrospective 

TDM- 
1  

-HER2 + invasive breast cancer 
-BM 
-HR positive or negative  

39 
36 with previous 
local therapy 

mPFS 6.1 months (95%CI 5.2–18.3) 
mOS NR   

RECIST v1.1 

Jerusalem et al. 
2020 

DESTINY- 
BREAST01 
Phase II  

T- 
DXd 

- HER2+, unresectable or metastatic 
breast cancer 
-Had received previous treatment with T- 
DM1 
-HR positive or negative 
-CNS metastases had to be treated and 
asymptomatic 

24 IC-ORR 41.2%  

mPFS 18.1 months (95%CI 6.7–18.1) 

RECIST, 
version 1.1 

– DESTINY- 
BREAST02 
Phase III 

T- 
DXd 

-HER2 unresectable and/or metastatic 
breast cancer 
- previously treated with TDM-1 
- HR positive or negative 
- Brain metastases had to be clinically 
inactive and/or treated. 

74 mPFS 13.9 months (HR 0.35, 95%CI 
0.20–0.61) 

RECIST v1.1 

Jacobson et al. 
2022  

DESTINY- 
BREAST03 
Phase III 

T- 
DXd 

- HER2-overexpressed metastatic breast 
cancer 
-Previously treated with trastuzumab 
and a taxane 
-BM eligible if clinically stable, 
previously treated brain metastases 
-HR positive or negative 

43 IC-ORR 63.9%  

IC-CR 27.8%  

mPFS 15.0 months (HR 0.25, 95%CI 
0.13–0.45)  

RECIST v1.1 

Modi et al. 
2022 

DESTINY- 
BREAST04 
Phase III  

T- 
DXd 

-HER2-low metastatic breast cancer 
-Had received one or two previous lines 
of chemotherapy 
-HR positive or negative 
-CNS metastases had to be treated and 
not symptomatic 

24 mPFS 8.1 months (HR 0.71, 95%CI 
0.28–1.8)  

RECIST v 1.1 

Diéras, et al. 2022 
Epaillard, et al. 
2022 

DAISY 
Phase II  

T- 
DXd 

-Advanced breast cancer 
-Clinically inactive BM 
*cohort 1: HER2+
*cohort 2: HER2-low 
-HR positive or negative  

*cohort 1: 12 
*cohort 2: 10 

*cohort 1: mPFS 13 months (95% CI 
7.1-NR)  

*cohort 2: mPFS 4.1 months (95% CI 
2.3–11.7) 

RECIST v1.1 

Kabraji et al. 
2022 

- 
Retrospective  

T- 
DXd 

-Metastatic breast cancer 
- known stable or active/ 
progressive brain metastases 
-HR positive or negative 

17 IC-ORR 73.3%  

mIC PFS NR 

RANO-BM 

ADC: Antibody-Drug Conjugate, Bm: Brain Metastases, TDM-1: trastuzumab-emtansine; HER2+: HER2-overexpressed, HR: hormone receptor, CNS: central nervous 
system, mOS: median overall survival, mPFS: median progression free survival, IC-ORR: intracranial overall response rate, IC-CR: intracranial complete response, IC- 

N. Epaillard et al.                                                                                                                                                                                                                               



Cancer Treatment Reviews 119 (2023) 102597

3

disease, with behavior that can differ from the primary cancer due to 
genetic and immunohistochemical changes occurring during the process 
of metastatic invasion. These modifications can also influence the risk of 
developing BM [19–21]. Previous studies have also indicated that the 
tumor microenvironment of BM in mBC, particularly the immune 
microenvironment, is associated with patients’ prognosis and may vary 
across triple-negative, HER2-positive, and luminal breast cancer sub-
types [16]. 

These resistance mechanisms and the poor prognosis of BC patients 
with BM partly explain why, historically, most clinical trials assessing 
the effectiveness of standard chemotherapies have excluded patients 
with symptomatic or active brain metastases. However, efforts have 
been made to develop novel techniques capable of overcoming these 
challenges, including strategies to penetrate the blood–brain barrier 
(BBB) and utilize nanoparticles that are not eliminated by efflux sys-
tems. One approach involves the direct administration of certain che-
motherapies into the cerebrospinal fluid through procedures such as 
lumbar punctures or Ommaya reservoirs. However, these techniques 
often have limited effectiveness, are technically demanding to imple-
ment (requiring repeated lumbar punctures or surgical procedures), and 
carry a significant risk of complications, including mechanical obstruc-
tions (25%), meningeal infections (ranging from 5.5% to 8%), or hem-
orrhages [17]. 

Nowadays, the standard management of patients with BM from solid 
cancers is based on a multidisciplinary approach that may combine 
surgery, radiotherapy (stereotactic radiosurgery or whole brain radia-
tion) and systemic treatments depending on the primary site [9,18]. In 
recent years, several small molecules with the ability to passively 
penetrate the BBB have emerged in clinical development [19] as has the 
combination of neratinib with capecitabine [20]. Additionally, among 
the cyclin-dependent kinase inhibitors, abemaciclib has shown prom-
ising results in patients with hormone-positive, HER2-negative meta-
static breast cancer (mBC). It exhibited an intracranial clinical benefit 
rate of 24% and achieved a volumetric reduction of brain metastatic 
target lesions by ≥ 20% [21]. 

Furthermore, among the emerging therapeutic classes, antibody- 
drug conjugates (ADC) have emerged as a highly promising strategy in 
the treatment of various solid tumors, including BC. Owing their com-
plex activity across tumors with heterogeneous target expression, a 
wealth of study investigated their efficacy on brain metastases. While 
previous research on monoclonal antibodies and their derivatives in 
glioblastoma has yielded mixed results, the newer generation ADC, 
which employ more potent payloads, offer improved prospects for 
penetrating the blood–brain barrier (BBB) [22,23]. Studies conducted in 
breast cancer have demonstrated that despite their relatively large size, 
ADC molecules are capable of reaching brain metastases and delivering 
substantial doses of cytotoxic payloads. 

In this review, we provide a comprehensive summary of the most 
notable preclinical and clinical evidence pertaining to the efficacy of 
ADC in BM from BC. Additionally, we discuss ongoing studies that are 
investigating novel ADC and combinations of ADC with other thera-
peutic approaches in this specific context. 

Activity of ADC on brain metastases of breast cancer: Preclinical 
data 

Some ADC have demonstrated promising results in the treatment of 
BM, as observed in preclinical models. For instance, Askoxylakis et al. 
conducted a study where female nude mice with brain metastases were 
treated with Ado-trastuzumab-emtansine (T-DM1) or Trastuzumab [24]. 
T-DM1 exhibited superior outcomes compared to Trastuzumab, with 
prolonged cerebral progression-free survival (60daysversus10days) and 
overall survival (112daysversus28days). Another anti-HER2 antibody- 

tubulysin conjugate, bHER2-ATC, was tested in a preclinical murine 
model of brain metastasis, resulting in a substantial decrease in the size 
of large BM (70 to 85%) and micrometastases (53 to 92%) [25]. 
Furthermore, Trastuzumab Deruxtecan (T-DXd) has also demonstrated 
efficacy in the treatment of brain metastases of breast cancer in a 
patient-derived xenografts model. In a recently published trial, the au-
thors evaluated the activity of T-DXd at the dose of 10 mg/kg every 3 
weeks in 2 PDX-models of HER2 + BC brain metastases, with either 
positive or negative ER, in a HER-2-low BC brain metastases PDX model 
and in a T-DM1 resistant HER2 + BC brain metastases PDX. T-DXd 
substantially reduced tumor size and prolonged the animal survival in 
both HER2 + PDX models, as compared to vehicle control (OS 77.5 days 
vs. 155.5 days, p = 0.0067 and 67 days vs. 154 days, p = 0.0018, in the 
ER-pos and ER-neg respectively), showing a prevalent cytotoxic effect 
on the brain metastases. Similar activity was observed in the HER2-low 
PDX and in the T-DM1 resistant model [26]. 

Leveraging these promising preclinical results, several clinical trials 
have explored the efficacy of ADC in patients with brain and/or lep-
tomeningeal metastasis from different subtypes of breast cancer. 

Clinical activity of currently approved ADC on brain metastases 
of breast cancer 

Targeting HER2 

Table 1 provides an overview of clinical trials involving patients with 
HER2+/HER2-low mBC treated with ADC. Given that up to 50% of 
patients with HER2-overexpressed (HER2+) metastatic breast cancer 
can develop BM over the whole disease course, a number of prospective 
and retrospective studies investigated the activity of T-DM1, the first 
ADC approved in BC, on central nervous system (CNS) lesions [27]. T- 
DM1 is composed of Trastuzumab and DM1, a cytotoxic anti- 
microtubule agent, linked through a thioether uncleavable linker [28]. 

The pivotal EMILIA trial [29,30] compared T-DM1 to lapatinib plus 
capecitabine in 991 patients with HER2 + BC previously treated with 
trastuzumab and taxanes. Thanks to the substantial improvement of 
median PFS (9.6 vs 6.4 months; HR 0.65, 95%CI 0.55–0.77; p < 0.001) 
and median OS (29.9 vs 25.9 months; HR 0.75, 95%CI 0.64–0.88; p <
0.001), this trial established at that time T-DM1 as the recommended 
second-line treatment in metastatic HER2 + BC. The study also included 
95 patients with previously treated and asymptomatic central nervous 
system metastases. In this subset the treatment with T-DM1 (n = 45) led 
to a median progression free survival (mPFS) of 5.9 months (vs 5.7 in the 
control arm, n = 50) (HR 1.00; 95% CI 0.54–1.84; p = 1.000), and a mOS 
26.8 months (versus 12.9) (HR 0.38, 95%CI 0.18–––0.79; p = 0.0081) 
[30]. 

In the TH3RESA trial, T-DM1 compared favorably to treatment of 
physician’s choice (TPC) in patients with HER2 + advanced breast 
cancer pretreated with at least two HER2 directed regimens [31]. The 
mPFS in the T-DM1 group was 6.2 months and 3.3 in the control arm (n 
= 198) (HR 0.53, 95%CI 0.422–0.661; p < 0.0001). The mOS was not 
reached in the T-DM1 group vs 14.9 months inTPC. The study included 
patients with asymptomatic treated CNS metastasis. In the T-DM1 (n =
40) arm and the control arm (n = 27), the mPFS was 5.8 months vs 2.9 
months respectively (HR 0.47, 95%CI; 0.24–0.89). 

In the KAMILLA [32] phase IIIb trial, which included 2002 patients 
treated with T-DM1, 398 patients presented brain metastasis (untreated 
and asymptomatic or controlled), of whom 126 had measurable brain 
lesions according to RECIST v1.1. In this subgroup, the intracranial 
overall response rate (IC-ORR) was 21.4% (intracranial complete 
response [IC-CR] 2.4%), the mPFS was 5.5 months (95%CI 5.3–5.6) and 
the mOS 18.9 months (95%CI 17.1–21.3). 

Bartsh et al. [33] and Jacot et al. [34] reported two retrospective 

PR: intracranial partial response, IC-PFS: intracranial progression free survival, NR: not reached, T-DXd: Trastuzumab deruxtecan, CI: confidence interval, mIC PFS: 
median intracranial progression free survival. 
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cohorts of patients presenting an advanced or metastatic HER2 + breast 
cancer treated with T-DM1. In the first, for the 10 patients presenting 
newly diagnosed brain metastasis (2asymptomaticand8progressive), the 
IC-ORR was 70% and the IC mPFS was 5 months (95%CI 3.69–6.32). In 
the second, 39 patients with brain metastasis (including 36 previously 
treated with surgery and/or radiotherapy) received T-DM1. After a 
median follow-up of 8.1 months, the mPFS was 6.1 months (95%CI 
5.2–18.3), and at 1 year, 58% patients were still alive. 

Thanks to cutting-edge technologies that have led to the recent 
development of more active ADC, an increasing number of studies have 
investigated the efficacy of 3rd generation ADC on BM. Trastuzumab 
Deruxtecan (T-DXd) conjugates a humanized monoclonal antibody tar-
geting HER-2 to a topoisomerase I inhibitor through a tetrapeptide- 
based cleavable linker, with a high drug-to-antibody ratio of 8 (versus 
3 to 4 for T-DM1). 

The first impressive results of T-DXd were reported in heavily pre-
treated patients with HER2 + breast cancer included in the phase II, 
dose-escalating, DESTINY-Breast01 trial [35], in which mPFS of 16.4 
months (95%CI, 12.7 to not reached) far exceeded that of standard 
therapies. Overall, the mPFS of the 24 patients with treated and 
asymptomatic brain metastasis at baseline was 18.1 months (95%CI 
6.7–18.1). In the 17 patients with measurable brain metastasis at 
baseline the IC-ORR was 41.2% [36]. 

Further compelling results derived from the phase III studies 
DESTINY-Breast02 [37] and DESTINY-Breast03. The first trial ran-
domized patients with unresectable and/or metastatic HER2 + breast 
cancer previously treated with TDM-1 to T-DXd (n = 406) or a doublet 
treatment according to physician’s choice (Trastuzumab / Capecitabine 
or Lapatinib / Capecitabine) (n = 202). Both mPFS and OS were 
significantly prolonged with T-DXd [mPFS: 17.8 months vs 6.9 (HR 
0.36, 95%CI 0.28–0.45; p < 0.000001) and mOS 39.2 months vs 26.5 
(HR 0.66, 95%CI 0.50–0.86; p = 0.0021)]. Patients with clinically 
inactive and treated BM could be included. The mPFS of the 74 patient 
with BM at baseline in the group T-DXd was 13.9 months and 5.6 months 
for the 36 of the control arm (HR 0.35, 95% CI 0.20–0.61). 

DESTINY-Breast03 [38] trial compared TDM-1 to T-DXd in 524 

patients with HER2 + mBC that had previously received Trastuzumab 
and a taxane. The mPFS was not reached in the group T-DXd (95%CI 
18.5 to could not be estimated) and 6.8 months in the TDM-1 group 
(95%CI 5.6–8.2). Overall 82 patients had clinically stable and previously 
treated brain metastases [39]. In the TDM-1 group (n = 39), the IC-ORR, 
the IC-CR and the mPFS were 33.3%, 2.8% and 3.0 months respectively 
versus 63.8%, 27.8% and 15.0 months (HR 0.25, 95% CI 0.13–0.45) in 
the group T-DXd (n = 43). 

Destiny-Breast04 [40] phase III trial included patients with HER2- 
low (immunohistochemistry scores of 1 + or 2+/in situ hybridization 
non amplified) unresectable and/or metastatic breast cancer that had 
received one or two previous lines of chemotherapy. A total of 557 pa-
tients were randomized between T-DXd and chemotherapy according to 
physician’s choice. The mPFS was 9.9 months (95%CI 9.0–11.3) of the 
T-DXd group (n = 373) versus 5.1 months (95%CI 4.2–6.8) for the 
control arm (n = 184) (HR 0.5, 95%CI 0.40–0.63; p < 0.001) and mOS 
was 23.4 months (95%CI 20.0–24.8) and 16.8 months (95% CI 
14.5–20.0) respectively (HR 0.64; 95%CI 0.49–0.84, p = 0.001). Thirty- 
two patients presented treated asymptomatic brain metastasis; mPFS 
was 8.1 months in 24 patients of the group T-DXd and 4.8 in the group T- 
DM1 (n = 8) (HR 0.71, 95% CI 0.28–1.8) (sponsor internal data). 

DAISY [41,42] was a phase II trial in which patients treated for a 
metastatic breast cancer were included in the 3 cohorts according to 
HER2 status: cohort 1 (HER2+, n = 12), cohort 2 (HER2-low, n = 10) 
and cohort 3 (HER2 0, n = 2), whatever the HR status. In the subgroup of 
patients with brain metastases at study entry, we reported a mPFS of 13 
months (95% CI 7.1-NR) and 4.1 months (95%CI 2.3–11.7) in cohort 1 
and cohort 2, respectively [43]. 

Kabraji et al. reported the results of a retrospective series of 157 
patients with brain metastasis from breast cancer treated with T-DXd. 
The IC-ORR was 73.3% and median IC-PFS was not reached [26]. 

Interestingly, two prospective clinical trials have specifically inves-
tigated the efficacy of T-DXd on brain metastases and/or leptomeningeal 
metastases from breast cancer (Table 2): DEBBRAH trial and the 
TUXEDO-1 trial. 

DEBBRAH is an ongoing phase II trial in which patients with 

Table 2 
Prospective clinical trials with ADC on patients with active BM or LMs from breast cancer.  

Author 
Date 

Trial name 
Phase 

ADC Inclusion criteria Number of 
patient 

Outcome Response 
criteria 

HER2 
Pérez-García 

et al. 
2022 

DEBBRAH 
Phase II  

T- 
DXd 

- HER2 + or HER2-low advanced breast cancer 
cohort 1: HER2 + with stable BM after local therapy (RT or surgery) 
cohort 2: HER2 + or HER2–low asymptomatic untreated BM 
cohort 3: HER2 + with progressing BM after local therapy 
cohort 4: HER2-low with progressing BM after local therapy 
cohort 5: HER2 + or HER2-low with leptomeningeal carcinomatosis 
-HR positive or negative 

*cohort 1: 8 
*cohort 2: 4 
*cohort 3: 9 

*cohort 1: 
16wk PFS 87.5% 
IC-PD 12.5%  

*cohort 2: 
IC-ORR 50%  

*cohort 3: 
IC-ORR 44.4%  

IC-ORR active BM 
46.2% 

RANO-BM 

Bartsch et al. 
2022 

TUXEDO- 
1 
Phase II  

T- 
DXd 

- HER2 + breast cancer 
-Previous exposure to trastuzumab and pertuzumab 
-HR positive or negative 
-Newly diagnosed untreated BM or progressing after previous local therapy, and 
no indication for immediate local therapy 

15 (ITT) 
14  
(PP) 

ITT: 
IC-ORR 73.3% 
IC-CR 13.3% 
IC-PR 60% 
IC-SD 20%  

PP: 
IC-ORR 78.6%  

mPFS 14 months 
mOS NR 

RANO-BM 

ADC: Antibody-Drug Conjugate, T-DXd: Trastuzumab deruxtecan, HER2+: HER2-overexpressed, BM: Brain Metastases; RT: radiotherapy, HR: hormone receptor, wk: 
week, PFS: progression free survival, IC-PD: intracranial progressive disease, IC-ORR: intracranial overall response rate, ITT: intention to treat, PP: per protocol, IC-CR: 
intracranial complete response, IC-PR: intracranial partial response, IC-SD: intra cranial stable disease, mOS: median overall survival, mPFS: median progression free 
survival, NR: not reached. 
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advanced or metastatic breast cancer are included in five cohorts based 
on HER2 expression and metastatic brain status, regardless of their HR 
status. Cohort 1 is composed of patients with HER2 + mBC and stable 
brain metastasis after local therapy (radiotherapy and/or surgery); 
cohort 2 of patients with HER2 + or HER2–low mBC, with asymptomatic 
and untreated brain metastasis; cohort 3 of patients with HER2 + mBC 
and progressing brain metastasis after local therapy (radiotherapy and/ 
or surgery); cohort 4 of patients with HER2-low mBC and progressing 
brain metastasis after local therapy and cohort 5 patients with HER2 +
or HER2-low mBC and leptomeningeal carcinomatosis. For cohort 1, 
primary endpoint was 16-week PFS and IC-ORR for cohorts 2, 3 and 4. 
So far study results have been published in 2022 [44] for the cohorts 1 
(n = 8), 2 (n = 4) and 3n = 9). The 16-week PFS for the cohort 1 
determined by RANO-BM criteria, was 87.5% (95%CI, 47.399.7; p <
0 0.001) while IC-ORR in patients with active BM (cohort 2 and 3, n =
13) was 46.2% (95%CI, 19.2–74.9). A recent abstract showed updated 
data from cohorts 2 (n = 6) and 4 (n = 7) [45]. IC-ORR of the cohort 2 
was 66.7% (95% CI, 22.3–95.7) and 33.3% (95% CI, 4.3–77.7; p =
0.033) for the cohort 4. 

The phase II TUXEDO-1 trial [46] included patients with HER2 +
breast cancer previously treated with both Trastuzumab and Pertuzu-
mab and presenting brain metastasis untreated or resistant to surgery 
and/or radiotherapy. The primary endpoint was IC-ORR to T-DXd ac-
cording to RANO-BM criteria. The IC-ORR was 73.3%: two patients had 
an IC-CR (13.3%), nine an IC-PR (60%) and three a IC-SD (20%), the 
clinical benefice rate was 92.9% and the mPFS was 14 months (95%CI 
11.0 to not recorded). A post-hoc analysis showed a 100% IC-ORR in 
patients with newly diagnosed brain metastases not treated with local 
therapy. 

Targeting Trop-2 

The trophoblast cell-surface antigen 2 (Trop-2) is a transmembrane 
glycoprotein transducing an intracellular calcium signal. While it is 
expressed at low levels in normal tissue, it is overexpressed in a wide 
range of epithelial tumors, including 80% of BC cases. Retrospective 
studies have demonstrated that Trop-2 overexpression is associated with 
a worse prognosis, as it is involved in the regulation of mesenchymal-to- 
epithelial transcription, which contributes to tumor invasiveness and 
growth [47]. Sacituzumab govitecan is a first-in-class ADC directed 
against Trop-2, composed of an anti-Trop-2 antibody coupled to a 
topoisomerase-I inhibitor, SN-38, the active metabolite of irinotecan 
[48]. 

In the ASCENT phase II trial [49], Sacituzumab govitecan was 
administered as treatment for unresectable, locally advanced or meta-
static triple-negative breast cancer who presented a progressive disease 
after at least two standard chemotherapy regimens. At total of 468 pa-
tients without BM were randomized to Sacituzumab govitecan (n = 235) 
or physician’s choice: eribulin, vinorelbine, capecitabine, or gemcita-
bine (n = 233). The mPFS and mOS were 5.6 (95%CI 4.3–6.3) and 12.1 

months (95%CI, 10.7–14.0) with Sacituzumab govitecan versus 1.7 
(95%CI 1.5–2.6) and 6.7 months (95%CI 5.8–7.7) with standard 
chemotherapy (HR 0.41, 95%CI 0.32–0.52; p < 0.001 and 0.48, 95%CI 
0.38–0.59; p < 0.001). Sixty-one patients with stable brain metastasis 
for at least 4 weeks before treatment were eligible for the trial but 
excluded from the primary end-point analysis. The mPFS and mOS of 
these patients were 2.8 (95%CI 1.5–3.9) and 6.8 (95%CI 4.7–14.1) 
months respectively in the SG group versus 1.6 (95%CI 1.3–2.9) and 7.5 
months (95%CI, 4.7–11.1) in the chemotherapy group (HR 0.65, 95%CI, 
0.35–1.22 and HR 0.87, 95%CI, 0.47–1.63) [50]. 

Rugo et al. reported at ASCO 2022 the first result of the TROPICS-02 
study evaluating Sacituzumab govitecan in locally advanced or meta-
static HR+ / HER2 negative or low breast cancer [51]. In this trial, 
patients were randomized to receive Sacituzumab govitecan (n = 272) 
or mono-chemotherapy at physician’s choice: capecitabine, vinorelbine, 
gemcitabine, eribulin (n = 271). Median PFS of the overall cohort was 
5.5 months in the SG group versus 4.0 in the control arm (HR 0.66, 95% 
CI, 0.53–0.83, p = 0.0003). BM were not an exclusion criteria. As of 
today, no data are available on the outcome of patients with brain 
metastases. 

In addition, in 2023, di Mauro et al. reported the case report of a 
patient with metastatic relapse of her initially localized triple-negative 
breast cancer [52]. This 59-year-old patient with BRCA2 germline mu-
tation, developed multiple symptomatic brain metastases 3 months after 
initiation of a first-line chemotherapy regimen with carboplatin and 
paclitaxel. She was then treated with SG combined with whole-brain 
radiotherapy. After 10 months of treatment, extra cerebral tumor pro-
gression was noted, but an intracranial response persisted. 

Efficacy of new ADC constructs on brain metastases of breast 
cancer 

MM-302 is a HER2-directed PEGylated antibody–liposomal doxoru-
bicin conjugate that is meant to selectively deliver doxorubicin to HER2- 
overexpressing tumor cells, limiting the exposure of healthy cells such as 
cardiomyocytes. As it targets a different epitope of trastuzumab, in 
HERMIONE phase II trial [53], MM-302 was combined with Trastuzu-
mab as treatment for HER2 + locally advanced or metastatic breast 
cancer. Patients with central nervous system metastasis could be 
included if treated and asymptomatic. As this trial is unpublished, no 
data are available concerning this association on brain metastasis. 

ANG1005, a novel peptide–drug conjugate composed of paclitaxel 
liked to Angiopep-2 has been tested in a phase II trial [54]. Of the 72 
patients in the intention to treat population with breast cancer (HER2 
and HR positive or negative) and recurrent brain metastases with or 
without leptomeningeal carcinomatosis after targeted therapy, 60 were 
analyzed in the per protocol analysis (HER2 + 48.3%, HER2- 51.7% 
including 21.7% of TNBC). The IC-ORR was 8% (14% for HER2 + and 
3% for HER2-, 8% for TNBC) with no IC-CR. The median IC-PFS was 3.8 
months (95%CI 3.9–4.8) (4.7 and 3.6 months fort HER2 + and - 

Table 3 
Trials with new ADC constructs on brain metastases of breast cancer.  

Author 
Date 

Trial name 
Phase  

ADC Inclusion criteria Number of 
patient 

Outcome Response 
criteria 

LRP1 
Miller et al. 

2016 
Unpublished 

HERMIONE 
Phase II  

MM-302 -HER2- overexpressed locally advanced/metastatic breast cancer 
-Anthracycline-naïve 
-Treated, stable, asymptomatic CNS metastases may be considered. 

Unknown Unknown Unknown 

Kumthekar 
et al. 
2020 

- 
Phase II  

ANG1005  -Breast cancer, known HER2 and HR status, 
-Recurrent brain metastases with or without leptomeningeal 
carcinomatosis after targeted therapy 

72 (ITT) 
60  
(PP) 

PP: 
IC-ORR 8%  

mPFS 3,8 
months 

RECIST v1.1 

ADC: Antibody-Drug Conjugate, CNS: central nervous system, HR: hormone receptor, ITT: intention to treat, PP: per protocol, IC-ORR: intracranial overall response 
rate, mPFS: median progression free survival. 
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Table 4 
Ongoing trials with adc in brain metastasis of breast cancer.  

Trial name 
Phase 

ADC Inclusion criteria ClinicalTrials. 
gov Identifier 

HER2 
DESTINY- 

BREAST12 
Phase III 

T-DXd -Advanced/metastatic 
HER2-overexpressed 
breast cancer 
- Brain metastases may 
be included: exclusion 
if untreated and > 2.0 
cm; ongoing use of 
systemic 
corticosteroids for 
control of symptoms of 
BM; requiring 
immediate local 
therapy; have poorly 
controlled neurologic 
symptoms. 
-Progressed on prior 
anti-HER2-based 
regimens and who 
received no more than 
2 lines/regimens of 
therapy in the 
metastatic setting 

NCT04739761 

DESTINY- 
BREAST07 
Phase Ib/II 

T-DXd +/- 
Durvalumab / 
Paclitaxel / 
Pertuzumab / 
Tucatinib 

-Advanced/metastatic 
HER2-overexpressed 
breast cancer-Brain 
metastases may be 
included if stable 
(modules 0 – 5), or 
untreated brain 
metastases not 
needing local therapy 
or previously treated 
brain metastases that 
have progressed since 
prior local therapy 
(module 6 and 7) 
. 

NCT04538742 

HER2CLIMB04 
Phase II 

T-DXd +
Tucatinib 

-HER2-overexpressed 
Breast Cancer- 
Clinically inactive 
brain metastases, may 
be included: untreated 
brain metastases not 
needing immediate 
local therapy or 
previously treated 
brain metastases with 
local therapy (stable or 
progressive but 
without clinical 
indication for 
immediate re- 
treatment with local 
therapy) 
. 

NCT04539938 

BIRTH 
Phase I 

TDM-1 + brain 
RT 

-HER2-overexpressed 
Breast Cancer 
-Non operable brain 
Metastases 
mandatory. 

NCT02135159 

HER2BAT 
Phase I/II 

TDM-1 +/- 
Afatinib 

-HER2-overexpressed 
Breast Cancer 
-Active brain 
Metastases 
mandatory. 

NCT04158947 

Phase I/II TDM-1 +/- 
Temozolomide 

-HER2-overexpressed 
Breast Cancer 
-Brain metastasis 
recently treated with 
stereotactic radiation 
or surgery mandatory. 

NCT03190967  

Table 4 (continued ) 

Trial name 
Phase 

ADC Inclusion criteria ClinicalTrials. 
gov Identifier 

KIARA 
Phase II 

TDM-1 -HER2-overexpressed 
Breast Cancer-Brain 
Metastases 
mandatory: cohort 1 
(oligosymptomatic or 
asymptomatic not 
requiring immediate 
local therapy), cohort 
2  
(progression after 
previous local 
therapy) 

NCT03203616 

KATE3 
Phase III 

T-DM1 +/- 
Atezolizumab 

-HER2-overexpressed 
Breast Cancer PD-L1 
positive 
-Asymptomatic brain 
Metastases may be 
included 

NCT04740918 

HER2CLIMB02 
Phase III 

T-DM1 +/- 
Tucatinib 

-HER2-overexpressed 
Breast Cancer + PD-L1 
positive 
-Brain Metastases: 
stable not needing 
immediate local 
therapy or previously 
treated may be 
included 

NCT03975647 

ACE-Breast-03 
Phase II 

ARX788 -HER2-overexpressed, 
Metastatic Breast 
Cancer 
- Previously treated 
with T-DXd 
-Subjects with stable 
brain metastases may 
be included 

NCT04829604 

Phase I ZN-A-1041 +/- 
Capecitabine 

-HER2-positive Breast 
Cancer 
-Clinically inactive 
brain metastases, may 
be included 

NCT04487236 

Phase I GQ1001 - HER2-positive Breast 
Cancer 
- Clinically active 
brain metastases may 
be included 

NCT04450732 

TROP 2 
S2007 

Phase II 
Sacituzumab 
Govitecan 

-HER2 negative 
metastic breast cancer 
-Brain metastasis that 
has not been irradiated 
or has progressed 
despite prior radiation 
therapy mandatory. 

NCT04647916 

Neuro/ 
Sacituzumab 
Govitecan/ 
Breast Brain 
Metastasis/ 
Glioblastoma 
Phase 0 

Sacituzumab 
Govitecan 

-Brest cancer 
-Brain metastasis 
mandatory. 

NCT03995706 

TROPION- 
Breast01 
Phase III 

Dato-DXd -Inoperable or 
metastatic HR- 
Positive, HER2- 
negative breast cancer 
-Treated with one or 
two prior lines of 
systemic 
chemotherapy 
-Clinically inactive 
brain metastases, may 
be included 

NCT05104866 

TROPION 
Breast02 
Phase III 

Dato-DXd -Locally recurrent 
inoperable or 
Metastatic Triple- 
negative Breast Cancer 

NCT05374512 

(continued on next page) 
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respectively). Table 3 summarizes the two trials. 
Many trials evaluating ADC in breast cancer are currently ongoing. 

Table 4 summarizes those in which patients with brain metastases are 
eligible for inclusion. The main targets of ADC are HER2 and TROP2. 
Although several studies are specifically evaluating the efficacy of ADC 
in breast cancer patients with brain metastases, the majority of ongoing 
trials with new ADC constructs are including patients with treated and 
inactive brain metastases and still exclude patients with leptomeningeal 
disease. Only very few studies allow the inclusion of patients with active 
BM or LMs. To the best of our knowledge ANGLeD (NCT03613181) is 
the only Phase III trial specifically investigating the activity of 
ANG1005, in the treatment of newly diagnosed LMs in patients with 
HER2-negative breast cancer. 

A wealth of studies are also evaluating the combination of ADCs with 
other compounds, such as target therapies, immune checkpoint in-
hibitors and chemotherapies, with the intent of enhancing the ADC 
distribution and penetration in the tumor tissue, the target expression 
and internalization, the payload activity of eliciting the antitumor im-
munity induced by the ADC. The combination of ADC and chemotherapy 
in breast cancer was studied in the TEAL trial, in which patients with 
early-stage HER2 + breast cancer were treated with T-DM1 plus nab- 
paclitaxel and lapatinib in neo adjuvant setting. The RCB 0 or 1 rate 
was 100% among the 14 evaluable patients [55]. Several studies have 
investigated the combination of ADC and targeted therapies, notably in 
HER2 + breast cancer. In the MARIANNE trial [56] the addition of 
pertuzumab to TDM-1 did not significantly increase OS in patients with 
HER2 + metastatic breast cancer: 53.7 months for the group treated 
with TDM-1 + pertuzumab versus 51.8 months for the TDM-1 group 
alone. The NSABP Foundation Trial FB-10 [57] evaluated the TDM-1 
neratinib combination in patients with HER2 + metastatic breast can-
cer who progressed after treatment with trastuzumab, pertuzumab and a 
taxane. Of the 19 evaluable patients, 13 (63%) showed an objective 
response to the combination. In a poster [58], Anders et al. report on the 
pre-clinical and early clinical results of the combination of ZN-1041, an 

Table 4 (continued ) 

Trial name 
Phase 

ADC Inclusion criteria ClinicalTrials. 
gov Identifier 

-Clinically inactive 
brain metastases, may 
be included 

TROPION- 
PanTumor01 
Phase II 

Dato-DXd -HR-positive Breast 
Cancer or TN Breast 
Cancer 
-Clinically inactive 
brain metastases, may 
be included 

NCT03401385 

HER3 
ICARUS-BREAST 

Phase II 
Patritumab 
Deruxtecan 

-HER3 Positive 
Metastatic Breast 
Cancer 
-Clinically inactive 
brain metastases, may 
be included 

NCT04965766 

Phase II Patritumab 
Deruxtecan 

-HER3 Positive 
Metastatic Breast 
Cancer 

NCT02980341 

Phase II Patritumab 
Deruxtecan 

- Locally advanced or 
mBC 
-Treated and stable 
brain metastases, may 
be included. 

NCT04699630 

FRα 
Phase I-II MORAb-202 -Metastatic Triple 

Negative Breast 
Cancer 
-Treated and stable 
brain metastases, may 
be included 

NCT04300556  

Phase I AMT-151 -Metastatic Triple 
Negative Breast 
Cancer 
-Treated and stable 
brain metastases, may 
be included 

NCT05498597 

Phase I-II PRO1184 -Metastatic Breast 
Cancer (TNBC, HR +
and HER2+) 
-Brain Metastasis may 
be included 

NCT05579366 

LRP1 
Phase II GRN1005 -Breast Cancer 

-Brain Metastases 
mandatory 

NCT01679743 

Phase II ANG1005 -Breast Cancer- 
Recurrent brain 
metastases mandatory  
(not requiring 
immediate 
neurosurgery) 

NCT02048059  

ANG1005 -Breast Cancer- 
Recurrent brain 
metastases mandatory  
(not requiring 
immediate 
neurosurgery) 

NCT02755987 

LIV-1 
Phase I Ladiratuzumab 

vedotin 
-Metastatic Breast 
Cancer 

NCT01969643 

Nectin-4 
Phase II Enfortumab 

vedotin 
-Metastatic Breast 
Cancer (HR+/HER2 −
or TNBC) 
-Clinically inactive 
brain metastases, may 
be included 

NCT04225117 

CEACAM5 
Phase II Tusamitamab 

ravtansine 
-Metastatic Breast 
Cancer 
-Treated and stable 
brain metastases, may 
be included 

NCT04659603 

ROR1  

Table 4 (continued ) 

Trial name 
Phase 

ADC Inclusion criteria ClinicalTrials. 
gov Identifier 

Phase I-II NBE-002 -Metastatic Triple 
Negative Breast 
Cancer 
-Treated and stable 
brain metastases, may 
be included 

NCT04441099 

ROR2 
Phase I-II CAB-ROR2-ADC -Metastatic Triple 

Negative Breast 
Cancer 
-Treated and stable 
brain metastases, may 
be included 

NCT03504488 

B7-H3 
Phase I-II MGC018 -Metastatic Triple 

Negative Breast 
Cancer 
-Treated and stable 
brain metastases, may 
be included 

NCT03729596 

B7-H4 
Phase I-II SGN-B7H4V -Metastatic Breast 

Cancer (HR+/HER2 −
or TNBC) 
-Clinically inactive 
brain metastases, may 
be included 

NCT05194072 

ADC: Antibody-Drug Conjugate, T-DXd: Trastuzumab deruxtecan, BM: Brain 
Metastases, TDM-1: trastuzumab-emtansine, RT: radiotherapy, Dato-DXd: 
Datopotamab deruxtecan, mBC: metastatic breast cancer, TNBC: triple nega-
tive breast cancer, HR: hormone receptor, HER2+: HER2-overexpressed, 
HER2− : HER2 not overexpressed. 
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oral anti-HER2 tyrosine kinase inhibitor, and ADC (TDM-1 or T-DXd). 
The toxicity data did not reveal any new side effects beyond what is 
already known for these treatments, suggesting that further, more 
advanced studies can be conducted to explore the effectiveness of these 
combinations. In the TNBC, the combination of sacituzumab govitecan 
and talazoparib is currently being evaluated in a phase I/II trial 
(NCT04039230). Immune checkpoint inhibitors show promising result 
in mBC notably with BM. Brastianos et al. recently published the result 
of a phase II trial evaluating pembrolizumab as a monotherapy treat-
ment in BM of divers tumor [59]. Among the 57 included patients, 35 
had a mBC (16 HER2+, 11 TNBC, 8 HR + HER- or unlnown) with un-
treated BM (n = 4) or with recurrent and progressive BM (n = 31). 
Thirty-seven percent (90%CI 24–52%) had intracranial benefit and 5 
and a survival superior to 2 years (2 with HER2+, 2 with TNBC and 1 
with HER-/HR+). Immune checkpoint inhibitors and ADC were also 
evaluated mostly in HER2 + and TNBC. In the KATE2 study, the addition 
of atezolizumab to TDM-1 didn’t show an improvement of mPFS in 
patients with advanced HER2 + BC: mPFS 8.2 months (95%CI 5.8–10.7) 
in the combination group versus 6.8 months (4.0–11.1) for TDM-1 group 
(HR 0.82, 95% CI 0.55–1.23; p = 0.33) [60]. T-DXd and nivolumab were 
combined in a phase 1b study including patients with pretreated HER2 
+ or HER2-low BC. The confirmed ORR of the 48 patientes was 65.6% 
(95%CI, 46.8–81.4) for HER2 + patients and 50% (95% CI, 24.7–75.3) 
for HER2-low (CITER). BEGONIA is an ongoing trial evaluating dato-
potamab deruxtecan associated to durvalumab in metastatic TNBC [61]. 
Confirmed ORR of the 23 patients was 57% with 54% in response at 12 
months and mPFS was 7.3 months (95% CI 5.4–13.8). 

Conclusions and perspectives 

In recent years, the advent of novel ADC has significantly trans-
formed the treatment landscape for metastatic breast cancer and holds 
great promise for improving survival outcomes [62]. 

However, the management of brain metastases remains a significant 
challenge. Many studies have either excluded patients with central 
nervous system involvement or failed to report specific intracranial data 
when included. Furthermore, there is a paucity of studies specifically 
investigating the efficacy of third-generation ADC in patients with active 
brain metastases or leptomeningeal disease. 

Nonetheless, the limited available data thus far present promising 
findings, demonstrating notable activity of ADC in patients with active 
brain metastases. Given the poor prognosis associated with central 
nervous system involvement and the effectiveness of ADC, it is imper-
ative to intensify the exploration of these novel treatments in this patient 
population. Therefore, substantial efforts should be dedicated to 
designing well-designed clinical trials in this context. 

However, caution is warranted in the development of future ADC 
that specifically target brain tumors. The challenges of crossing the 
blood–brain barrier make it crucial to consider the homogeneity of these 
ADC and the drug-to-antibody ratio, as highlighted by recent research 
conducted by Anami et al. using a preclinical model [63]. These factors 
should be taken into account when designing future generations ADC. 

Currently, numerous phase I, II, and even III studies are underway, 
specifically evaluating the activity of new ADC, either alone or in 
combination, in patients with cerebral metastases. The findings of these 
studies are eagerly anticipated, as they hold the potential to further 
advance our understanding and treatment options for brain metastases. 
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