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CLINICAL TRIAL PROTOCOL
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ABSTRACT
Breast cancer (BC) is the most common cause of leptomeningeal disease (LMD) and the second most 
common cause of brain metastases (BMs) among all solid malignancies. Both BMs and LMD are 
associated with high morbidity and mortality and treatment options are limited. Trastuzumab deruxte
can (T-DXd), an antibody drug conjugate combining a HER2-targeting antibody with a topoisomerase 
I inhibitor, has shown activity in HER2-positive (HER2[+]) and HER2-low tumors in both preclinical and 
clinical settings. Similarly, T-DXd has shown efficacy in HER2[+] BC patients with central nervous system 
(CNS) involvement. However, data on activity in HER2-low BC patients with BMs and/or LMD using 
T-DXd are limited. TUXEDO-4 is an international, multicenter, single-arm, two-stage optimal Simon’s 
design, phase II trial (NCT06048718) that will recruit a total of 27 adult patients (13 in the first stage, and 
14 in second stage depending on responses in the first stage) to evaluate T-DXd in the HER2-low 
metastatic BC population presenting with newly diagnosed or progressing BM with or without type II 
LMD.
Clinical trial registration: NCT06048718 (clinicaltrials.gov); 2023 -506,702-39–00 (EudraCT number).

PLAIN LANGUAGE SUMMARY
Breast cancer cells often spread to the brain (brain metastases) or the membranes surrounding the 
brain and spinal cord (leptomeningeal disease). Therapies to treat these serious conditions are limited. 
Trastuzumab deruxtecan (T-DXd), which targets a protein called HER2 (found on the surface of breast 
cells to control their growth) and includes a powerful anti-cancer component to kill the tumor cells, has 
shown clinically meaningful results in both HER2-positive (high concentration of HER2 proteins) and 
HER2-low (low concentration of HER2 proteins) breast cancers. Interestingly, T-DXd has successfully 
worked in HER2-positive breast cancer patients with brain metastases and/or leptomeningeal disease, 
but results in their HER2-low counterparts are limited. TUXEDO-4 is a medical study to evaluate the 
effectiveness of T-DXd in HER2-low breast cancer patients with recently diagnosed or worsening brain 
metastases, with or without aggressive leptomeningeal disease. The study is taking place in Austria and 
Spain, and will recruit 27 adult patients. TUXEDO-4 trial TUXEDO-4 is an international, multicenter, 
single-arm, two-stage optimal Simon’s design, phase II clinical trial evaluating the efficacy of trastuzu
mab-deruxtecan (T-DXd) in human epidermal growth factor receptor 2 (HER2)-low breast cancer (BC) 
patients presenting with newly diagnosed or progressing brain metastases (BMs), with or without type 
II leptomeningeal disease (LMD).

TUXEDO-4 TRIAL
TUXEDO-4 is an international, multicenter, single-arm, two-stage optimal Simon’s design, phase II 
clinical trial evaluating the efficacy of trastuzumab-deruxtecan (T-DXd) in human epidermal growth 
factor receptor 2 (HER2)-low breast cancer (BC) patients presenting with newly diagnosed or progres
sing brain metastases (BMs), with or without type II leptomeningeal disease (LMD).
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1. Background and rationale

1.1. Treatment approaches in MBC, BMs, and LMD

BC was the most common-diagnosed type of cancer and 
the second-leading cause of cancer-related death among 
women during 2023 [1]. HER2-low BC accounts for more 
than 50% of all BC cases [2,3] and is defined by immunohis
tochemistry (IHC) score 1+ or IHC 2+/in-situ hybridization 
(ISH)– [2]. Metastatic BC (MBC) is one of the main causes of 
BMs and LMD among all solid malignancies [4,5]. BMs occur in 
approximately one-third of MBC patients [6]. Prognosis 
remains poor and survival rate after one year of diagnosis is 
approximately 20% [7]. Interestingly, prior studies have indi
cated that HER2-low BMs represent a high proportion among 
hormone receptor-positive and triple-negative BC BMs [8–10]. 
LMD is a debilitating condition that comprises 10–20% of all 
central nervous system (CNS) metastases and is developed in 
5% of BC patients [11–13]. According to the EANO – ESMO 
Clinical Practice Guideline, type I LMD requires positive 

cerebrospinal fluid cytology or positive leptomeningeal 
biopsy, whereas type II LMD diagnosis only requires clinical 
findings and neuroimaging [14,15]. It has been demonstrated 
that patients with type I LMD have significantly poorer out
comes compared with their type II LMD counterparts [16,17]. 
Of note, patients with CNS involvement are usually excluded 
from clinical trials due to poor condition and short-term out
comes [18]. Therefore, data regarding potential CNS activity 
are usually not available from pivotal trials making CNS spe
cific studies necessary.

Treatment strategies in the MBC setting substantially differ 
depending on the BC subtype. The development of anti-HER2 
therapies (e.g., trastuzumab) remarkably improved survival in 
HER2-positive (HER2[+]) BC patients [19]. However, those treat
ments have not improved clinical outcomes in their HER2-low 
BC counterparts [20]. Combinations of endocrine therapy and 
targeted agents are effective for patients with hormone recep
tor – positive, HER2[–] MBC, but endocrine resistance may 
eventually occur, and alternative treatment approaches are 
needed [21,22]. In metastatic triple-negative BC, limited treat
ment options are currently available but recent years have 
seen the introduction of checkpoint-inhibitors, PARPi, and 
antibody-drug conjugates (ADCs) [23–25].

First-line therapies for metastases to the CNS include 
a variety of treatments such as local treatment with surgery, 
radiation therapy, stereotactic radiosurgery, chemotherapy, 
targeted therapy, or immunotherapy [26,27]. Stereotactic 
radiosurgery provides high local control rates [28] but may 
produce radionecrosis and dose spreading to a significant 
proportion of healthy brain tissues [29]. In addition, systemic 
therapy has demonstrated improved intracranial (IC) response 
rates and overall survival in HER2[+] BC patients with BMs [30] 
but has shown little improvement in other BC subtypes [31]. 
Also, the blood-brain barrier (BBB) plays a key role because it 
can limit the penetration of systemic drugs to treat metastatic 
lesions and treatments may not reach therapeutic levels in the 
CNS [32].

The development of ADCs, which are targeted therapies 
combining monoclonal antibodies with a cytotoxic payload 
through a chemical linker, has brought promising clinical 
activity in different solid tumor types [33] and holds promise 
for diseases with CNS involvement [34]. Different ADCs have 
shown favorable preclinical and clinical outcomes on BMs of 
HER2[+] BC, including trastuzumab-emtansine (T-DM1) or 
T-DXd [35]. Specifically, T-DXd has also shown clinically mean
ingful efficacy in previously treated HER2-low advanced BC 
patients [36].

1.2. T-DXd as a promising therapeutic option in 
HER2-low BC patients with BMs and/or LMD

T-DXd is an ADC consisting of a humanized anti-HER2 mono
clonal antibody (trastuzumab) linked to a topoisomerase 
I inhibitor payload (deruxtecan) through a chemical tetrapep
tide-based cleavable linker [37]. Once trastuzumab binds 
HER2 and T-DXd undergoes endocytosis, the linker is cleaved 
by lysosomal cathepsins, and deruxtecan is released inside
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● If results are positive, this clinical trial could introduce T-DXd as 

a promising treatment option for HER2-low metastatic BC patients 
with newly diagnosed or progressing BMs with or without type II 
LMD.
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the cell to inhibit DNA replication and induce apoptosis by 
binding the topoisomerase I-DNA complex [38]. During BMs, 
T-DXd could not penetrate the BBB easily due to its large 
size, but tumor invasion may cause CNS damage and neo
vascularization, which would increase drug permeability [39].

T-DXd 5.4 mg/kg administered by intravenous (IV) infusion 
every 3 weeks was suggested as an effective dose for HER2 
[+] BC patients [40]. T-DXd has shown pharmacological effi
cacy in this BC population [41–43], including objective 
response rates (ORR) of more than 60% in the DESTINY- 
Breast01 trial [42] and 79.7% in the DESTINY-Breast03 trial 
[41]. In HER2-low BC patients, T-DXd provided a significantly 
improved median progression-free survival (PFS) versus phy
sician’s treatment choice in both the DESTINY-Breast04 (10.1 
vs. 5.4 months, respectively) and DESTINY-Breast06 (13.2 vs. 
8.1 months, respectively) [36,44]. Due to the beneficial results 
with T-DXd, the Food and Drug Administration (FDA) 
approved the use of this therapy to treat HER2[+] and HER2- 
low BC patients.

Importantly, T-DXd has also shown encouraging IC efficacy 
in HER2[+] BC patients with BMs [45–49] and/or LMD [50,51]. 
The TUXEDO-1 trial reported IC responses of 73.3% and 78.6% 
in the intention-to-treat and per protocol populations, respec
tively, as well as a clinical benefit rate of 92.9% in patients with 
newly diagnosed untreated or progressing BMs [45]. The 
DEBBRAH study achieved a 16-week PFS rate of 87.5% in 
patients with non-progressing BMs after local therapy, and IC- 
ORR of 50.0% and 44.4% in those with asymptomatic 
untreated BMs and progressing BMs after local therapy, 
respectively [52]. In the DESTINY-Breast03 trial, the first interim 
analysis provided an investigator-assessed median PFS of 25.1  
months with T-DXd versus 7.2 months with T-DM1 in patients 
with clinically stable, previously treated BMs [41]. In 
the second interim analysis, T-DXd demonstrated 
a significant, clinically meaningful median PFS by blinded 
independent central review of 28.8 months compared to 6.8  
months with T-DM1 [53]. Long-term survival analyses from this 
trial showed median PFS by investigator assessment of 29.0 
versus 7.2 months, 36-month PFS rate of 45.7% versus 12.4%, 
and median OS of 52.6 versus 42.7 months using T-DXd versus 
T-DM1, respectively [53]. The pooled analysis of the DESTINY- 
Breast01, 02, and 03 showed robust IC responses compared to 
the comparator drug, reporting similar ORR and PFS between 
those patients with treated/stable BMs (45.2% and 12.3  
months) and those with untreated/active BMs (45.5% and 
18.5 months) [48]. The DESTINY-Breast12 trial exhibited overall 
PFS at 12 months of 61.6%, being 62.9% in those with stable 
BMs and 59.6% in those with active BMs, as well as an ORR of 
49.7% and 54.7%, respectively [49].

Some analyses have further suggested that T-DXd may 
have activity in HER2-low BC patients with CNS involvement 
[47,54–56]. Updated results from the DEBBRAH trial reported 
that HER2-low advanced BC patients with untreated BMs 
achieved an IC-ORR of 50% and IC clinical benefit rate (CBR) 
of 66.7%, whereas those with progressing BMs obtained IC- 
ORR of 33.3% and IC-CBR of 50.0% [57]. The small size (n = 6) 
of patients with progressing HER2-low BMs in DEBBRAH, 

however, hinders reliable estimation of response rates. Of 
note, studies have reported that the outcome of HER2-low 
BC patients with BMs may be dismal compared to their HER2 
[+] BC counterparts [58,59]. Based on the current scenario, the 
TUXEDO-4 trial was designed to assess the efficacy and safety 
of T-DXd in patients with HER2-low BC who have either newly 
diagnosed or progressing BM, with or without the presence of 
type II LMD. This study will address a critical need by aiming to 
enhance clinical outcomes and quality in this patient cohort.

2. Study design

TUXEDO-4 is an international, multicenter, single-arm, two- 
stage optimal Simon’s design, phase II clinical trial 
(NCT06048718) to evaluate the efficacy of T-DXd in HER2- 
low BC patients presenting with newly diagnosed or progres
sing BMs (Figure 1). Twenty-seven patients (13 in stage one 
plus 14 in stage two if there are more than 2 responder 
patients in stage one) will be enrolled from 13 sites in 
Austria and Spain (Figure 2). Enrollment began in June 2024, 
and the study is estimated to be completed in July 2026. Key 
inclusion and exclusion criteria are shown in Table 1.

3. Intervention

Eligible patients will receive T-DXd at 5.4 mg/kg administered 
as IV infusion every 3 weeks, on day 1 of each 21-day cycle. 
Patients will receive T-DXd until disease progression, unaccep
table toxicity, death, or discontinuation from the study treat
ment for any other reason or as per physician’s choice.

T-DXd dose will be reduced to 4.4 mg/kg (first reduction) 
and 3.2 mg/kg (second reduction) in case of toxicity. More 
than two dose reductions or dose re-escalation are not 
allowed. The doses of T-DXd to be administered must be 
recalculated if the patient’s body weight has changed by 
10% from baseline.

4. Patient population

Patients will be women or men ≥18 years of age, with HER2- 
low expression presenting with newly diagnosed or progres
sing BMs, with or without type II LMD, one or more brain 
lesions (≥10 mm per local radiological assessment), KPS ≥  
70%, and ECOG PS 0–2 (further eligibility criteria are shown 
in Table 1). A total of 27 patients will be recruited.

5. Objectives and endpoints

The primary objective of the TUXEDO-4 study is to assess the 
efficacy of T-DXd, defined as objective response rate (ORR) at 
any timepoint as judged by best CNS response according to 
RANO-BM criteria. Key secondary objectives are (i) to assess 
ORR as judged by best response determined locally by the 
investigator using the RECIST v.1.1 criteria for extracranial 
(EC) and overall lesions, (ii) to assess the bicompartmental 
CBR (Bi-CBR), defined as the sum of complete response (CR) 
rate, partial response (PR) rate and stable disease (SD) rate
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≥24 weeks, and determined locally by the investigator using 
the RANO-BM criteria for IC lesions and RECIST v.1.1 criteria 
for EC and overall lesions, and (iii) to assess the bicompart
mental disease control rate (Bi-DCR), defined as the sum of 

CR rate, PR rate, and SD rate, and determined locally by the 
investigator using the RANO-BM criteria for IC lesions and 
RECIST v.1.1 criteria for EC and overall lesions. Of note, 
bicompartmental assessments were carried out to provide

Figure 1. TUXEDO-4 study design. ABM: active (newly diagnosed or progressing after prior local therapy) brain Metastases; HER2: human epidermal growth factor 
receptor 2; LMD: leptomeningeal Disease; MRI: magnetic resonance imaging; PD: progression of disease; T-DXd: Trastuzumab Deruxtecan.

Figure 2. Map of the participating countries in the TUXEDO-4 trial. created in BioRender. Jiménez-Cortegana, C. (2025) https://biorender.com/i68m714.
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more comprehensive insights on how T-DXd affects both IC 
and EC diseases. All endpoints, including additional second
ary endpoints and exploratory endpoints, are summarized in 
Table 2.

6. Study procedures

Participants will be enrolled into the study after signing the 
ICF. Different evaluations will be performed and reviewed 
during the screening phase to confirm that patients meet 
all eligibility criteria before enrollment. Those evaluations 
will include (but will not be limited to) cranial MRI and 
computed tomography (CT) scan of chest, abdomen, and 

pelvis, bone scan, and blood tests. A tumor tissue sample 
will be collected for determination of HER2 status. 
Demographic data, such as age, sex, or self-reported ethni
city, and clinical information such as significant diseases, 
history of cancer, or surgical interventions will be recorded.

The initial T-DXd dose will be administered as a 90-minute IV 
infusion, and subsequent doses as 30-minute infusions if there is 
no infusion-related reaction. IC tumor response will be assessed 
by local investigator using RANO-BM criteria, extracranial and 
overall responses by local investigator using RECIST v.1.1 criteria. 
Response to T-DXd will be assessed within ten days before the 
third administration, within ten days before the fifth administra
tion, and every nine weeks thereafter.

Table 1. Key eligibility criteria in the TUXEDO-4 study.

Inclusion criteria*
● Female or male patients ≥18 years.
● Radiologically documented metastatic breast cancer with locally documented HER2-low status according to the 2018 ASCO/CAP guidelines.
● Life expectancy ≥12 weeks.
● KPS ≥70% and ECOG PS 0–2.
● Newly diagnosed or progressive BM without indication for immediate local therapy.
● ≥1 brain lesion (≥10 mm per local radiological assessment), measurable by RANO-BM criteria.
● Must have undergone ≥1 line of systemic treatment in the advanced setting.
● LVEF ≥50% by either ECHO or MUGA scan within 28 days before enrollment.
● Adequate bone marrow, liver, renal, and coagulation function.

Exclusion criteria**
● Treatment with approved or investigational cancer therapy within 4 weeks or targeted agents within 3 weeks prior to initiation of study drug.
● Prior treatment with T-DXd and allergy or hypersensitivity to T-DXd or any of its components.
● Myocardial infarction within 6 months before enrollment.
● LVEF <50% by either ECHO or MUGA scan within 28 days before treatment.
● Lung-specific intercurrent clinically significant illnesses; autoimmune, connective tissue or inflammatory disorders; or prior pneumonectomy.
● Pregnant or lactating women.
● Abnormal clinical laboratory tests; infection with hepatitis B virus or hepatitis C virus; or non-controlled human immunodeficiency virus infection.
● Major surgical procedure (requiring general anesthesia) or significant traumatic injury within 21 days prior to enrollment, or patients who have not recovered 

from the side effects.
● Uncontrolled seizures, central nervous system disorders, or serious and/or unstable preexisting psychiatric disability.

ASCO/CAP: American Society of Clinical Oncology/College of American Pathologists; BM: Brain metastases; ECHO: Echocardiogram; ECOG PS: Eastern Cooperative 
Oncology Group performance status; HER2: Human epidermal growth factor receptor 2; KPS: Karnofsky Performance Status; LVEF: Left ventricular ejection fraction; 
MUGA: Multigated acquisition; RANO: Response Assessment in Neuro-Oncology; T-DXd: Trastuzumab-deruxtecan. 

*Patients must meet all inclusion criteria. 
**Patients meeting any exclusion criteria must be excluded. 

Table 2. TUXEDO-4 endpoints.

Primary endpoint ORR at any timepoint determined by best central nervous system response per RANO-BM criteria.

Secondary 
endpoints

● ORR for EC and overall lesions, defined by rate of CR or PR, locally determined by the investigator per RECIST v.1.1 criteria.
● Bi-CBR*, defined as CR+PR+SD ≥24 weeks, locally determined by the investigator.
● Bi-DCR*, defined as CR+PR+SD, locally determined by the investigator.
● Time to response*, defined from treatment initiation to first objective tumor response (tumor shrinkage ≥30%) in patients with CR or PR.
● Duration of response*, defined from the first occurrence of a documented objective response to disease progression or death from any 

cause, in patients with CR or PR.
● Best percentage of change in tumor burden*.
● Progression-free survival, defined from treatment initiation to the first occurrence of disease progression or death from any cause.
● Overall survival, defined from treatment initiation to death from any cause, determined locally by the investigator.
● Safety and tolerability as per NCI-CTCAE v.5.0.
● Assessment of quality of life with EORTC QLQ-c30, the brain- specific tool (BN20), and the breast-specific tool BR45.
● Neurologic function as per NANO scale.

Exploratory 
endpoints

● Evaluation of biomarkers associated with brain damage.
● Evaluation of response to T-DXd.
● Assessment of HER2 gene copy number changes throughout the treatment

Bi-CBR: Bicompartmental clinical benefit rate; Bi-DCR: Bicompartmental disease control rate; CR: Complete response; EC: Extracranial; EORTC QLQ: European 
Organisation For Research And Treatment Of Cancer Core – Quality of Life questionnaire; HER2: Human epidermal growth factor receptor 2; IC: Intracranial; 
NANO: Neurologic Assessment in Neuro-Oncology; NCI-CTCAE: National Cancer Institute – Common Terminology Criteria for Adverse Events; ORR: Overall response 
rate; PR: Partial response; RANO-BM: Response Assessment in Neuro-Oncology for Brain Metastasis; RECIST: Response evaluation criteria in solid tumors; SD: 
Stabilization of disease; T-DXd: Trastuzumab-deruxtecan 

*These secondary endpoints were assessed as per RANO-BM criteria for IC and RECIST v.1.1 for EC and overall lesions. 
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Key safety assessments will include evaluations of vital 
signs, peripheral oxygen saturation, laboratory tests, phy
sical examinations, ECOG PS, LVEF, quality of life and neu
rocognitive function using the EORTC QLQ-c30, the QLQ- 
BN20, the QLQ-BR45, and the NANO scale.

Post-treatment follow-ups will be carried out in patients to 
collect survival and subsequent anti-cancer therapy informa
tion every 3 months until death, lost to follow-up, elective 
withdrawal from the study, or the end of study.

7. Statistical analysis

7.1. Sample size determination

The sample size was calculated based on Simon’s two-stage 
design, which was used to minimize patient exposure to 
ineffective treatments and reduce costs by allowing for early 
termination if initial results are unpromising. This method was 
previously used in the TUXEDO-1 trial [45] and is being used in 
the TUXEDO-2 and TUXEDO-3 trials [60,61] because it balances 
ethical considerations and statistical rigor, providing a clear 
framework for deciding whether to proceed with further 
development based on predefined success thresholds.

A total of 27 patients will be enrolled. Of them, thirteen patients 
will be recruited in the first stage. The study will be stopped for 
futility if there are ≤2 (15.4%) IC responses in this stage. If not, 14 
additional patients will be recruited in the second stage.

7.2. Primary endpoint analysis

The hypothesis is that T-DXd may exhibit clinical activity 
among HER2-low BC patients with BM, and with or without 
type II LMD. Based on the EC response rate reported in the 
DESTINY-Breast04 and preliminary data from cohort 3 of the 
DEBBRAH trial [36,52], a CNS ORR of ≥42% will be considered 
as indicating clinically relevant activity (alternative hypothesis). 
Similarly, since we expected a poor drug response based on 
the Destiny-Breast04 physician’s choice arm [42], a CNS ORR 
of ≤16% will be considered clinically unmeaningful (null 
hypothesis). This design yields a one-sided type I error rate 
of 5% and a power of 90% to reject the null hypothesis.

Primary endpoint will be analyzed on the full analysis and 
per protocol sets, which will involve all patients who meet 
selection criteria and receive at least one dose of T-DXd. 
Koyama T and Chen H methods for Simon’s two-stage design, 
and 95% Pearson-Clopper and Wilson confidence intervals (CI) 
will be also used. The primary endpoint will be met with ≥8 
out of 27 (29.6%) patients exhibiting IC response.

7.3. Secondary endpoint analysis

Secondary endpoint analyses will be carried out in the full 
population. The proportion of responders will be calculated 
with the uniformly minimum variance unbiased estimator 
(UMVUE), to ensure precise estimates, and p-value and 95% 
CI with Koyama and Chen method, to better analyze censoring 
and survival data [62]. These methods will provide more con
fident and accurate conclusions about treatment efficacy. ORR, 
CBR, and DCR will be given by the number and the rate of 

patients with response, clinical benefit, and disease control, 
respectively. 95% Clopper-Pearson CI will be calculated.

The following key secondary endpoint analyses will be 
performed: TTR and DoR (median in months, range, inter
quartile range and Kaplan–Meier estimations), PFS and OS 
(Kaplan–Meier plots, number and percentage of events, 
median survival, and CI based on “log-log” method), 
adverse events (AEs), treatment emergent adverse events 
(TEAEs), serious AEs, grade ≥3 TEAEs, TEAEs leading to dose 
interruption, reduction, or permanent discontinuation 
based on MedDRA System Organ Classes (SOCs) and 
Preferred Terms (PTs). Descriptive analyses will involve 
physical examination, ECOG status, vital signs, physical 
examination, ophthalmologic assessment, ECG, ECHO, 
MUGA scan, pregnancy test, and laboratory parameters 
(at each cycle), as well as duration of treatment (months), 
duration of follow-up (months), number of cycles, number 
of patients with dose interruptions, reductions, and perma
nent discontinuations, and relative dose intensity for study 
drugs. Demographic data and other baseline characteristics 
will be presented for all patients who receive at least one 
dose of study treatment.

8. Conclusions

If the results of the TUXEDO-4 trial are positive, T-DXd could 
be introduced as a promising treatment option for HER2-low 
metastatic BC patients with newly diagnosed or progressing 
BMs with or without type II LMD. The results of this trial may 
influence future clinical guidelines. Larger, randomized trials 
comparing T-DXd with other treatments of active BMs – espe
cially whole-brain radiotherapy – are worth considering.
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